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GRAND TRANSITION, DIGITAL REVOLUTION
& NEW ENERGY REALITIES

¥ @chwfrei
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World Energy Issues Monitor: reality check -
global, regional, national energy perspective on
energy transition challenges

World Energy Scenarios: engage uncertainty as
opportunity - global-, regional- and thematic-
focused energy futures frames

Energy Policy Trilemma: policy pathfinding to
balance security, equity & sustainability
performance

Innovation Insights: moving innovation from
margins to mainstream & digging deeper into wide
and fast shifting landscape

Dynamic Resilience: better prepared for emerging
and systemic risks 3



‘ What is the Issues Monitor
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The Issues Monitor
assesses 42 issues in a
high-level overview,
covering four categories:

1. Macroeconomic Risks
2. Geopolitics

3. Business Environment
4. Energy Vision & Tech

The responses are
translated into three
assessed dimensions:

1. Impact (x axis)
2. Uncertainty (y axis)

3. Urgency (size of
bubble)



Issues Monitor -

Global Trends
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@ Critical uncertainties: what keeps energy leaders awake at night
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Similar picture to last year:
Consolidation of energy
transition trends with high
emphasis on renewables
and energy efficiency
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Tracking Innovation since 2010
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Technology innovation
clusters of renewable
energies, electric storage,
& innovative transport are
moving up.

This technology push is
going hand in hand with
innovation in new market
designs and decentralised
systems.



Tracking Decentralisation since 2010
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Traditional baseload
generation (i.e. coal,
nuclear, etc.) are all very
present in the global fuel
mix now and in future
projections, but
decentralisation continues
its push.

Renewable energy and
energy efficiency goals are
keeping most countries
busy.



Geographical Tracking of Renewable

) WORLD
Energies ENERGY

COUNCIL

__Uncertainty

There is great consensus
across all regions on the
renewables priority.

North America

Europe

World Energy Issues Monitor 2019 - Geographical Tracking - Renewable Energies Impact P
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Geographical Tracking of SERID
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decentralised systems has
slight differences across
regions.

» Africa is working to reduce
. the number of people who
Lac don’t have access to
electricity by relying on

decentralised systems such
as micro-grids.

_Uncertainty p

Europe

Global .

Africa
G20

North America

Non-OECD
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Geographical Tracking of Energy
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Water Nexus L
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g Africs - The water nexus has great

MEGS differences across regions.

LAC . . .
Non-OECD « Water scarcity is increasing

in Africa and Middle East
Global due to increasing demand.

G20
OECD ‘

orth America Asia

World Energy Issues Monitor 2019 - Geographical Tracking - Energy Water Nexus
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New Zealand 2019 Issues Monitor Map
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@ Critical uncertainties: what keeps energy leaders awake at night
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“uberisation in energy”
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Internet of things (loT) in
energy

automating transactions
between large numbers
of small devices

enabled by distributed
ledgers / blockchain

has potential to deliver
system services at scale

and thereby reduce
physical infrastructure
needs



California’s DERPs WORLD
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Enabling
aggregators

Distributed energy
resource providers
for aggregators as
Sy grid resources (solar,
I storage, EVs and
demand response)

M Califomia ISO
I EIM entity
B Flanned EIM entry 2017
B Flanned ElM entry 2018

EIM Map | CAISO
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No ‘all electric’ vision: Green molecules, building on WORLD

existing supply chains
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Green fuel, e.g.
Formic Acid (HCOOH)
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“green” fuels from renewable electricity (power-to-
X) include hydrogen, ammonia, methane,
methanol, formic acid, diesel, gasoline, or kerosene

“PtX is a necessary element of the global energy
transition” for storability, cost, availability and
acceptability considerations due to reusing existing
infrastructure [WEC Germany, frontier economics,
181018]

global trade is key for cost and resources
availability considerations.

potential scale: today’s oil production is about
equivalent to 2-3 times the electricity production in
terms of energy
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Digitalization & decentralization:
Rural household solutions
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-~ . Energy realities are shifting.
M Faster Utha\n ever..

c- .. /A
o N The ‘D3 driven transition offers a uniqgje
W opportunity to achieve more secure,
S \>/ a‘ﬂ’ordabl\e\nd clean energy for all.
N .;Electrlc:lty/ts the new oil. The digit is the
\ new battery.

« Fhe way to Trilemma heaven needs
gréén liquids.»
~+ 100% ehergy access can be achieved
by 2030.

Act now.

W @WECouncil W @chwfrei
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INSIGHTS: World Energy Scenarios WORLD

ENERGY
The Grand Transition & Three alternative pathways to 2060 COUNCIL

PRE-DETERMINED FACTORS — The Grand Transition Market @
A Slowing population growth High success Modern Jazz
_f_, Range of new technologies (‘Uplands’) Market mechanisms, technology

innovation, energy access for all
C@) Appreciation of new planetary boundaries

222 Shift in power to Asia State Policies @

Unfinished Symphony
= Strong policy, long-term planning,

J@; Pace of innovation and productivity united climate action
&, Int’l governance & geo-political change Shiite Prlicios B Akt ”
/% Priority given to climate change Low success
) ({LOW’Gnds’} Hard RUCk
G 1ools for action’ - markets vs state Fragmented scenario, inward looking

policies, low global cooperation



Demand peaks for coal and oil
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... have the potential to take the world from “Stranded Assets” to “Stranded Resources”.

Coal Demand Oil Demand
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- History - Modern Jazz = Unfinished Symphony = Hard Rock
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Natural Gas Demand
(‘000 MTOE or kbcm)
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Natural gas: uncertainty in power, WORLD

shift to Asia, opportunity in transport COUNCIL

Bv 2060: = Gas market share in growing power generation is main driver of gas demand
+¥0__70% growth but with great uncertainty across the scenarios: additional gas demand for
_________ power generation between 300 bcm to close to 1,500 bem

In 2014, the Asian gas market (710 bcm) accounted for 23% of global gas market.
By 2060 we see that volume increase by a factor 2..3, an additional 600 .. 1400
bcm

woq 00E+" :uodsue@l

Decarbonisation of the transport sector is one of the most challenging issues of
energy transition. Gas contribution is limited and mostly for heavy-duty freight and
marine transport, with a potential market share of around 7%-8% of transport
fuels by 2060 (up to 300 becm).

woq 00 |+ 009+ ISVl
woq 005 }+Qog+ Homodll
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ENERGY TRILEMMA IN 2060

@ Energy Security

Modern Jazz

+ Higher energy
preduction

» Greatertrading
and diversity of
international fossil

energy suppliers

Unfinished Sympheny

» Wider diversity of

en El’g‘jl" resource
types

Government-
premoted
investrent in

Infrastructure

Hard Reck

» More domestic

preduction

+ Lower capacity
for funding

infrastructure

« Lower trade

0 Energy Equity

+ Energy Access for
all by 2060

0-0.5 bn people

still lack access to

energy

« 0.5-1bn pecple
still lack access to

energy

Environmental

Sustainability

+ Surpass Carben
budget in early
2040s

» Emissions fall

2B% below 2014

volumes in 2060

Surpass carben
budget in before
2060

rmissions fa
61% below 2014

volumes in 206

» Surpass carben
budget in early
2040s

» Emissions are
5% above 2014
volurmes in 2060
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