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e world faces a challénge 4
g
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1970 1980 1990 2000 2010 2020 2030 2040 2050
Energy’s carbon intensity is stuck AND we need to
decouple economic growth from energy use
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2011 2020 2030 2040 2050
Nuclear 7%

e

and fuel switching 2%

yefficiency 38%

..and we to have the tools to develop a strategy and be
proactive.

. Energy Agency
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vestment in our futufe pays off...

Additional investment
Additional
investment W Power
; M Industry
Fuel savings Transport
B Residential
. W Services
¢, Undiscounted
[
é Fuel savings
© [ Biomass
0 o |
" 10% W Natural gas
m Oil
-160 -120 -80 -40 0 40
USD trillion W Coal

...and it is cost effective to make the transition

International
Energy Agency
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e are not on track
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ETP

y,

Renewable power

Nuclear power

Gas-fired power

Coal-fired power

Carbon capture and storage

Industry

Transport

Biofuels

Electric and Hybrid electric vehicles

Buildings

Smart grids

: o : : . | Energy Agency
seneration and district heating and cooling 1ea
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arnessing Electricit Potential

Global energy demand

70 e
600 e M EleCtricity
500

M Other
400

EJ

Natural gas and coal

I . ---------------- M Oil products
4DS

2DS

6DS

2011

2050

Increasing electricity consumption and share of overall
energy usage— for ALL forward looking scenarios

International
Energy Agency
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iCtricity can power s tainable growth

2011

Primary energy use 550 EJ CO, emissions 33.8 Gt

But the source of electricity is of utmost importance



Ctricity can power suStainable growth SSees

2050 2DS

Primary energy use 695 EJ CO, emissions 15.0 Gt

Power 5%

The 2DS pathway disconnects primary energy used in
generation from emissions

International
Energy Agency
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ectricity Generation#a share reversal®

Global electricity generation by technology

2011 2020 2030 2040 2050
W Hydro Variable renewables Non-variable renewables
M Natural gas M Natural gas with CCS m Oil
Nuclear Coal M Coal with CCS
Generation today: Generation 2DS 2050:
Fossil fuels: 68% Renewables: 65%

International
Energy Agency

Renewables: 20% Fossil fuels: 20% iea
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% 38%
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79%
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|

2050
2DS hi-REN

B Ocean
Offshore wind
Land-based wind

Solar PV

Natural gas
M Coal w. CCS

m Coal

Renewables to provide 65 to 79% of World’s electricity
by 2050 in 2 degree scenarios - VRE 29 to 38%

iea
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Reachmg hlgh VRE shares three pillars of system

transformation _ /\
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Technology
spread

Geographic
spread

Design
of power
plants

System
friendly
VRE
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~ the Economicsof Iy
Flexible Power Systems



Ramping Minimum turndown Hot start-up
OCGT -

CCGT

ICE ]
ICE CC ; | 1IN 5
Hard coal -

Lignite

0% 10% 20% 30% 0% 20% 40% 60% 0 2 4 6
% FL/min % FL Hours

Among thermal generation plants, gas-fired plants perform
better than coal-fired plants for flexibility parameters

International
Energy Agency
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acking the benefits thfough

8mand-side integrg

Controlled versus uncontrolled EV charging effects on load net of PV

Uncontrolled EV charging Controlled EV charging

.................. 10 Lo
_— 0\ , _— \ ‘ 0 i . - ‘
0 24 Hours 48 72 0 24 Hours 43 72
== E|ectricity demand Solar PV generation EV charging == Net |0ad
Controlled charging of electric vehicles could
facilitate the integration of solar PV I
Energy Agency
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ectricity Storage: still@an essential

W 2011

2050

2DS

B Breakthrough

China India United States European Union

Attractiveness of storage is highly context-specific, but
increases greatly across all scenarios

International
Energy Agency
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torage is but one of aguite of options

or providing flexibility

Electricity
storage

CSP
Thermal
storage

Demand-side

. RE
Existing hydro, pumped hydro curtailemnt

flexibility
gas storage
Existing Electricity
storage storage

d |
Natural gas generation
and coal cycling
Flexible New loads
generation
Thermal Heating and transportation
storage
Ice and heat
Imp

roving pricing and demand response

Flexibility cost

Penetration of VRE

Depending on the system, flexibility from demand
response could provide greater returns

Energy Agency
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aluating how syste

Long-term plannig

Fuel costs

(" Fuel supply )

Potentials
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Generation mix
New capacities
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heat demands
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Load curves
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Storage modelled for: a range of plants:

Load following
Arbitrage/load-levelling

Seasonal storage
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e-optimising plant mi

150+ 150 -

Technology
B Natural gas turbine
. Natural gas CCGT
I Biomass and waste
Natural gas with CCS
Coal with CCS
Nuclear
Hydro
Solar CSP
' Wind on/offshore
B solar PV
.Other Renewables
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o
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LCOE in 2050 (USD/MWh)
(6]
o

Short run marginal cost (USD/MWh)

0 1000 2000 3000 4000 0 1000 2000 3000 4000
Electricity generation in 2050 (TWh) Electricity generation in 2050 (TWh)

Short run marginal cost in 2050 LCOE in 2050

Capital costs a much higher share of total costs —
fuels/commodities give way to capital investment 0n) P
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ey changes in wholesale price

ration curve

200 7 < Avoidance of extreme prices during scarcity

180 1 periods with more DR, storage
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< Reduced curtailment, other
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Icreased pressure on gome generators EFE

) recover costs

Revenues/MWh
140
120 1 "
100 A
% 80
& &0
=
"‘:' ® Full DR, Storage
1‘:' 1 =LCOE in 2050
0
c;* & @ >,
#‘l} '-. 'L' ..__
*5’ P 43‘3& :ﬁ@r o
& ?@5"
Across all scenarios, high carbon price # good market
position for low SRMC generators; missing money ;  wrn



Isks affecting the cas ‘
W-carbon power p

Cash flow profile of a low carbon power plant, and associated risks

Start of
operations
v

2 Policy (change in subsidy regime)
% Local acceptance

A Licensing

@ Regulation

Regulatory

a1 Delays
Construction % Cost overruns

4 Fossil fuel and CO, prices

4 Electricity price

@ Dispatching and curtailment risk (load factor)
4 Financing

% Load factor (new technology)
Operations % O&M costs
4 Safety, dismantling

The value of low-carbon investment projects is exposed to regulatory,

International

construction, market and operations risks g TP
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proving the low-car®n business

1) Improving expected NPV

2) Mitigating risks

0 Net Present Value

Attracting financing must consider two dimensions:
improving the expected NPV and mitigating risks



Spillover effect of degdrbonising

B Power
generation
10
S 8 Indirect
8 emissions
U] 6
4 ........
Direct
2 emissions
0

2011 2030 2050|2011 2030 2050|2011 2030 2050|2011 2030 2050

Transport Power

Industry Buildings

Electricity decarbonisation reduces emissions from
sectors already electrified, without the need for

further end-use investments. oq) e

© OECD/IEA 2013



2011 2050 2011 2050 2011 2050 2011 2050
2DS-EB 2DS-EB 2DS-EB 2DS-EB
European Union China European Union China
M Space heating Water heating M Other M Direct Indirect

Increasing electricity use also helps to reduce natural
gas demand in buildings

International
Energy Agency
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’ @ jﬁ Centralised power

and heat generation
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Transmission
and distribution

%

/ y
Pumped

Today’s energy system paradigm is based on
a unidirectional energy delivery philosophy

@ o e

Transport

International
Energy Agency

iea

© OECD/IEA 2013



Transmission and distribution

Smart energy
system control

Centralised power and
heat generation

Storage Compressed air

Electrification of transport

A sustainable electricity system is a smarter,
multidirectional and integrated energy system that
requires long-term planning for services delivery iea

International
Energy Agency
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hgoing work on cros

ectoral

Linking heat and electricity systems: Co-generation and
DHC solutions for a clean energy future. IEA, 2014.
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Thermal electricity
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Explore the data behind ETP

iea

HOME ABOUT US TOPICS COUNTRIES NEWSROOM AND EVENTS PUBLICATIONS

ETP Report 2012 at a glance

Www.ieg/lorg/etp





