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M Renewables 35%

W CCS 14%
Q _—
v M Fuel switching 5%
o
| Efficiency 40%
Nuclear 6%
0
2014 2020 2030 2040 2050 2060
MNote: GtCO:- = gigatonnes of carbon dioxide.
Key point Feduction efforts are needed on both the supply and end-use sides, focusing on only one

does not deliver the 20S.

The Reference Technology Scenario (RTS) takes into account today’s commitments by countries to limit emissions and improve energy efficiency,
including the NDCs pledged under the Paris Agreement.

The 2°C Scenario (2DS) lays out an energy system pathway and a CO2 emissions trajectory consistent with at least a 50% chance of limiting the average
global temperature increase to 2°C by 2100.

Source: Tracking Clean Energy Progress (IEA, 2017)
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PPA PRICES FOR SOLAR PV AND WIND ONSHORE POWER PLANTS IN DIFFERENT COUNTRIES

Source: Global Solar Market Outlook for solar power 2017-2021 (Solar Power Europe, 2017) 4
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Source: Tracking Clean Energy Progress (IEA, 2017)
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EVOLUTION OF GLOBAL TOTAL SOLAR PV INSTALLED CAPACITY 2000-2016

Source: Global Solar Market Outlook for solar power 2017-2021 (Solar Power Europe, 2017)
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Source: IRENA, 2016f @
28 Includes all asset classes (asset finance, corporate R&D, government R&D, public markets, reinvested equity, small distributed capacity f
and venture capital/private equity) and excludes large-scale hydropower (over 50 MW). The solar PV figure does not include corporate R&D, &)
government R&D, public markets, reinvested equity and venture capital/private equity. Note that USD 12 billion was invested in "unspecified
solar” during 2015 (BNEF, 2016a). At least some of this applies to solar PV, but is not included in the USD 149 billion. il

Global cumulative installed solar PV capacity by country, 2015

Source: REthinking Energy 2017 (IRENA, 2017)
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GW Growth %
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Source: Accelerating Energy Transition through Innovation(IRENA, 2017)
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0
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Note: g) includes geothermal energy; hvdropower (small), concentrated solar power (C5F), municipal and industrial waste, ocean energy and miscellaneous

b} Includies ligwid biofuels, solid tiomass and biogas

Global Renewable Energy Employment, 2012-2016

Source: Renewable Energy and Jobs, Annual Review 2017 (IRENA, 2017) 9
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Source: Renewable Energy and Jobs, Annual Review 2017 (IRENA, 2017)10
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& Developed countries China % Other developing
Source: BNEF, 2016a
Note: a) This includes all asset classes (asset finance, corporate research and development (RED), government RE&D, public markets, reinvested

equity, small distributed capacity and venture capital/private equity). It excludes large-scale hydropower {over 50 MW) due to lack of data for
the years before 2010. Figures are in current USD,

Global Investment in Renewables, and Share by Geography, 2004-2015

Source: REthinking Energy 2017 (IRENA, 2017)11
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49% Solar PV
Biofuels (non-power) 1% @

Biomass & waste 2% @
' Other

3 Geothermal 1% ‘
investment

Ocean 0.1% Q

- Hydropower <50 MW 1% @_
) csp 2% @
Unspecified Solar 4% (@)

) @ 40% : Wind

Source: BNEF, 2016a
Note: a) This includes all asset classes (asset finance, corporate R&D, government R&D, public markets, reinvested equity, small distributed
capacity and venture capital/private equity). It excludes large-scale hydropower (over 50 MW). Figures are in current USD.

Global investment in renewables by technology, 2015

Source: REthinking Energy 2017 (IRENA, 2017)
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South Africa Germany Mexico Chile Denmark Global reference

Solar PV LCOE and contract prices

Source: Tracking Clean Energy Progress (IEA, 2017)
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2015 USD/kWh
0.40
0.35
030 e =
0.25
020
I 3
015 '--l '—1 .
| N
0.10 ;
0.05 I I I I l . . = ——| -
. l I HEEEE - -
2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Module & Inverter Racking and & Other BoS & Installation/EPC/ & Other OPEX®
mounting hardware development CAPEX=

Note: a) CAPEX = capital expenditures, b) OPEX = operating expenses
Source: Results use a 7.5% weighted average cost of capital (WACC); all other input assumptions are from IRENA (2016p)

9 This estimate assumes that 200-300 TWh solar PV replaces coal power plants, which operate at 35% efficiency and emit 1 million tonnes of CO;
per TWh.

Global weighted average utility-scale solar PV LCOE, actual (2009-2015) and projected (2016-2025)
Source: REthinking Energy 2017 (IRENA, 2017) 15



i1z

=
g
c
=]
=
i
1]
=
1]
L)

OECD Americas

——

|, Bt

P RS

(Ll
il
i
il

BE LRI+ —FE

LIx
L
1=l
J0
L

Historical Forecast Targets

Share of Renewable Generation

2005 2013 2020 2025
OQECD Asia Oceania OECD Europe China India Brazii M Other non-OECD Share of renewables

Total renewable power generation by region
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Mote: Other generation includes biomass, waste, and tide/wave/ocean.
World net electricity generation from renewable power by fuel, 2012—40 (trillion kilowatthours)
Source: International Energy Outlook 2016 (U.S. Energy Information Administration)
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Hydrogen, 0.4%

Solar thermal, 15.1% —— Solar PV, 11.1%

Geothermal heat,
3.5%

Renewables district

|
: |
heat, 2.7% { Wind, 15.1%

i
1
I
I
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Heat and other i

|
H
" |

direct-users

Power

Biofuel industry,
13.4%

Hydropower, 7.3%

Geothermal, 2.1%

Blomass power, 2.9%
Biofuel bulidings, \ lomass powe

9.7% \  Other Power, 0.3%
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} transport, 3% 10.9% \
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/ Transport
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Note: EJ = exajoules. CSP = concentrated solar power

Renewable energy technology development in 2050
Source: Accelerating Energy Transition through Innovation(IRENA, 2017)
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Source: Tracking Clean Energy Progress (IEA, 2017)
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Cumulative PV installations

Projected (labeled by year of IEA publication) versus actual (labeled as
“historical"). See supplementary materials for data sources and discussion.

Z 400 p
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g /
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E ﬁ 200
5 100 —
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u D — i
2000 2005 2010 2015 2020
® Historical ® 2015 2012 ® 2010 ® 2007

Source: Terawatt-scale photovoltaics: Trajectories and challenges (Nancy M. Haegel et al, 2017)
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Contributions to growth of energy consumption, 2015-203b

% per annum

1.6%
1.4% | ® Hydro and other
- renewables
10% l Muclear
059 N
m Coal
0.6%
0.4% m Gas
0.2%
0.0% » Oil
0.2% -

BF IEA EIA MIT IEEJ IHS FIRA XOM CNPC

BP: BP Energy Outlook, 2017 edition, 2017

IEA: International Energy Agency, World Energy Outlook 2016 , Paris, France, November 2016

EIA: US Energy Information Administration, International Energy Outlook 2016, Washington, D.C., United States, May 2016

MIT: MIT Joint Program on the Science and Policy of Global Change, 2016 Food, Water, Energy and Climate Outlook, Cambridge, MA, United States, 2016
IEEJ: Institute of Energy Economics Japan, Asia/World Energy Outlook 2016, Tokyo, Japan, October 2016

IHS: IHS Energy, Rivalry: the IHS Planning Scenario, July 2016

PIRA: PIRA Energy Group, Scenario Planning Guidebook, Appendix, February 2016

XOM: ExxonMobil, 2017 Outlook for Energy: A View to 2040, December 2016

CNPC: CNPC Economics & Technology Research Institute, Energy Outlook 2050, 2016
Greenpeace, Energy Revolution, September 2015 Source: BP Energy Outlook, 2017 edition (BP, 2017) 22
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C_CIH'IFlt_Eﬁﬁ\FE without Learning: learning by doing, scaling up
financial support

Public support: accelerate adoption

Private actions: corporate and
household budgets; bond markets

+++++++++++++++++++++++++++++++++++++++++++++

Low cost and Learning: learning by doing, scaling up
performance gap

Public support: declining,
technology-neutral support

Private actions: project actions,
corporate debt

High cost and Learning: demonstration, knowledge

perfun‘nance gap exchange, scale
Public support: market creation,
technology-specific support

Private actions: PPPs, VC, corporate debt,
equity investors

L Y R ]

Innovation stages

Prototype and Learning: R&D, knowledge exchange

demo stage

Public support: strategically
supported R&D

Private actions: angel investors,
corporate R&D

Time

Key point. Innovation is an evolutionary process whereby today's commercial technologies —
whether low—carbon or high—carbon — can be out—competed by solutions that are currently at

the protolype stage if conditions are right,

Stages of technology evolution and sources of innovation illustrated for solar PV
Source: Tracking Clean Energy Progress (IEA, 2017) 27
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Pumped storage hydro Flywheels 931 Mw
Compressed Air
Energy Storage
(CAES) 637 Mw
Sodium Sulphur 189 MW
Advanced lead-
acid/lead acid 109 mw
Capacitor 76 MW
Redox flow battery 42 MW
Nickel-cadmium 30 Mw
Others 34 mw
Lithium-ion
Note: Pumped storage data are for 2016, other data are for 2014.
Source: IRENA, 2015h; pumped storage data from IHA, 2016

952 Mw
Share of various storage technologies in global electricity storage system (MW)

Source: REthinking Energy 2017 (IRENA, 2017)
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Sodium sulphur batteries

Flow batteries Flywheels

SEIMOFRIEAZ S

2016 (3 400 MW)

CAES
NaS
6% B Lead acid

3% M Redoxflow

2%
1% Nickel-cadmium

Flywheel

M Li-ion

Lead-based batteries
B Other

Lithium-ion batteries
Supercapacitors

(IHKFEEZFRL)

20165 (CHITDEEBRMDEIS (HKFEEZIR L)

Source: Tracking Clean Energy Progress (IEA, 2017)
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2DS target

2005 2010 2015 2020
Pumped storage hydropower Planned PSH B Non-PSH storage

Globally installed electricity storage (GW)

Source: Tracking Clean Energy Progress (IEA, 2017)
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BEV=Battery-Electric Vehicle, PHEV=Plug-in Hybrid Electric Vehicle
Evolution of the electric car stock (BEV and PHEV), 2010-16

Source: Tracking Clean Energy Progress (IEA, 2017)
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OECD Europe United States

2010 2011 2012 2013 2014 2015 2025 2010 2011 2012 2013 2014 2015 2025 2010 2011 2012 2013 2014 2015 2025
MNatural gas Other fossil Renewables Nuclear @ CO, intensity

Power generation mix and related CO2 intensity

Source: Tracking Clean Energy Progress (IEA, 2017)
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Renewable Energy Growih: Key to the Energy Transition

‘] Renewables worldwide today 2 Share in the 2050 energy mix

g Total renewables Renewable
é growth power growth

3Xamaae Rkl 3 SX En

of electricity power share
supply

) -+ Enough to:
= 19% of final energy supply « replace coal and oll power

+ 24% of power generation fous! = genaration

Where to scale them up
Potentlal by 2050:

78% In bulidings S0% In transport 39% in Industry planning
+ Incentives business models
+ Electrification + Biofuels = Solar thermal =% Enabling conditions » Low-carbon technology
+ electrification + biofuels « Flexible market design Investment

OWIRENA

To learn more, see Perspectives on the Energy Transition Irheimuaticnal Rerrwakis: Erigy AGenoy

Source: Perspectives for the Energy Transition, 2017 (IRENA, 2017) 35



AFFORDABLE AND
CLEAN ENERGY

Ay
”

~
— —
” -~

/N

Affordable and clean energy supports all the SDGs
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Source: REthinking Energy 2017 (IRENA, 2017) 36



