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Net Zero Emission (NZE) Scenario by 2050



NZE requires a paradigm shift in energy supply and use Ied

Total net CO2 emissions, and net emissions by sector in the NZE Scenario, 2010-2050
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By 2050 total energy demand decreases while the global economy is more than twice as large as in 2022.
The share of modern renewables on total energy supply reaches almost 30% by 2030 and more than 70% in 2050.
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Electricity leads the way to net zero

Global electricity capacity by source, NZE scenario

Low-emissions electricity generation capacity by source

Over 70% of electricity from wind and solar PV |
Nearly 90% of electricity from renewables |

Thousand GW

Over 65% increase in nuclear power capacity:
D e 1'
40% of electricity from wind and solar PV |
Wind and solar additions reach 1140 GW !

2010 2030 2035 2050
® Solar PV @ Wind @ Other renewables Nuclear Fossil fuels with CCUS, hydrogen and ammonia
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Renewables make up nearly 60% of electricity generation in 2030 and nearly 90% in 2050, propelled largely by solar

PV and wind. Electricity accounts for more than half of total final energy consumption by 2050
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Scaling up deployment will bring down costs for renewable hydrogen |&CQd

Hydrogen production costs from hybrid solar PV and onshore wind systems in the NZE Scenario in 2030
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Various regions around the world have excellent renewable resources for low-cost hydrogen production.
Costs could approach USD 1.5 kg H, by 2030.
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Tracking Progress



Unprecedented expansion of renewables driven by solar PV ed

Renewables capacity growth by technology
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Declining prices and faster adaption of rooftop systems push PV forecast up. Wind forecast outside of China is less
optimistic due to higher costs and slow permitting. RE capacity for hydrogen growth only account for 7% of announced
projects
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Policies accelerate renewable deployment everywhere Ied

Renewables capacity growth by country
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China, EU, US and India account for almost 85% of global expansion but renewables expansion rapidly catches up
also in other parts of the world. For instance, growth in MENA and Sub-Saharan Africa matching ASEAN.
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Tripling of RE capacity by 2030 is within reach but more effort is needed |J&(

Cumulative renewable capacity

2.5x capack:lty in 2022 2.8 x capagity in 2022
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Massive renewables capacity growth is led by steadily cheaper solar PV, while wind and hydropower’s accelerated
expansion is challenged by permitting, financing and social acceptance issues




Renewable Energy Markets & Policies Ied

1ed Search everything Q Energy system ~ Topics v Countries + Data ~ Reports + IR

Renewable Energy Progress Tracker

Explore electricity, heat and transport data from Renewables
2023

LLink available |
Renewable Energy Progress Tracker — Data Tools - IEA
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Sustainable fuels are not on track for Net Zero
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Consumption, STEPS and Net Zero, 2022 to 2030
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ONZE 2030
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Demand and supply policies are needed to help stimulate production of sustainable fuels and close the gap to net
zero. Demand side policies, innovation support and coordinated sustainability frameworks are needed.
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Aviation, shipping, and industry depend on sustainable fuels to decarbonisej@(

Energy demand for aviation, shipping and industry, IEA Net Zero Scenario, 2022 to 2050

100% 100%
: ] ;
c [
£ £
9 80% 2 80%
8 Ic!
<! S
£ 60% = 60%
(O] (O]
3 3
B 40% B 40%
20% 20%
0% 0%

2022 2030 2050 2022 2030 2050
Aviation Shipping

2022 2030 2050
Industry

OFossil fuels OBiofuels ®Hydrogen and hydrogen derived fuels B Electricity 0O Abated fossil fuels

Sustainable fuels provide more than 75% of energy for aviation and shipping, and more than 25% of industry supply
by 2050. The next decade is essential to commercialize the technologies necessary for future success.
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Transport is a key component of total supply cost of low-emission fueld@(

Supply cost of low-C hydrogen and ammonia based on pipeline or marine transport, 2030
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Ammonia is more expensive to produce than hydrogen, but its supply costs are lower if shipped
over along distance.
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Renewable ammonia supply could be competitive by 2030 Ied

Renewable ammonia supply cost estimates from potential export countries in 2030
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Depending on the share of domestic H, use, Oman could need up to 20-30 times more ammonia export capacity
by 2030. Given the long lead-times, planning and construction should begin in the next few years.
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Role of e-fuels in energy system diversification & transition ed

Cost breakdown of e-kerosene today (left), and sensitivity to capacity factor at different electricity and electrolyser price (right).

Figure 4.1 Impact of electrolyser’s load factor on the levelised cost of e-kerosene at
two different electricity and electrolyser prices

4%

@ 125
a
o
] ..
100 m Electricity
Electricity: USD 50/MWh
Electrolyser: USD 2 000/kW, B CAPEX
75 B O&M
Electricity: USD 30/MWh
Electrolyser: USD 800/kW, m Water
50
BCO,
25 iea
The Role of E-fuels
in Decarbonising
0 Transport
10% 30% 50% 70% 90%
Electrolyser's load factor
EA.CCBY 4.0

Affordable e-fuels hinge on electrolyzer cost reduction, and availability of low-emission electricity
and CO2 resources
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Opportunities and challenges ahead



Secure & cost-effective system integration of wind and PV is crucial |&Qd

Shares of solar PV & wind and system integration phases for selected countries
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Rapid uptake of variable renewables requires accelerated and timely investment in all forms of flexibility,
in particular for those which have longer lead times such as grids and interconnections
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Thermal plants are a key source of flexibility in high-VRE systems |&d

Electricity and flexibility supply by technology in different climatic conditions.
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At 70%-90% share of VRE from annual generation, thermal plants cover half to two-thirds of seasonal flexibility
supply with hydropower covering most of the remaining needs.
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Demand creation is falling behind production ambitions Ied

Low-emission hydrogen production targets compared with potential demand
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Actions from governments, international co-operation initiatives and the private sector
fall short of production ambitions.
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Emerging Technologies

U Perovskites PV

O Floating wind offshore

1 Ocean energy

1 Enhanced geothermal energy

Perovskites PV
Source: METI

Floating Wind Offshore
Source: NEDO
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O Electric thermal energy storage

O Synchronous condensers and
grid forming technologies for
integrating VRE

 Battery storage

O Advanced biofuels
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IEA 501" Anniversary and Ministerial Meeting



|IEA Energy Innovation Forum — 13 February 2024 ed
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« Held alongside the IEA Ministerial Meeting celebrating the IEA's 50t S 04 00 vy Tt o ot more? Wa s G f s Wa e bt

. energy security and climate change, and this can happen at the same time.”
anniversary
Changing times

The rich country club of oil importing nations, comprised of those in the Organization of

) 250 engaged partlclpants throughout the day, and 350 people Economic Co-operation and Development (OECD), created the agency in 1974 soon after the

Organization of Petroleum Exporting Countries (OPEC) imposed an oil embargo and caused
prices to jump. IEAs job was to prevent that from happening again through detailed forecasts

present for the opening session

Remertors o the OECD it 'a"- novstion onum s o cvryfing rom green
° > 70 CO m pan I es/Start_ u pS , an d 15 I nvesto rS . 45 Of Wh I C h We re scooters to cleantech that can manufacture green steel or low-carbon cement]
represented by founders or CEOs.

NEWS ANNOUNCEMEN 12 February 2024 Jirectorate-General for Energy

President von der Leyen and Commissioner Simson in Paris to celebrate
50th anniversary of the International Energy Agency

» Around 45 countries were represented, from 6 continents

This week, the European Commission is joining global energy and climate leaders in Paris to
celebrate the 50™ anniversary of the International Energy Agency at the annual |nternaional Energy.
Agency Ministerial Meeting [2 This year, the event will be accompanied by a series of High-Level

g . . . ETWIERERLEY Eneroy Innovation ForumfiE
+ In addition to many national delegates and international

organisations, several IEA TCPs and CERT delegates participated

Technology Collaboration Programme =
bylea Aviation | Economy Money | Cryptocurrencies | Property | Banking | Technology | Markets | Travel and Tourism | Start-Ups | Future

® The debate over peak oil demand was back in focus on Tuesday, with the head of the International Energy Agency

saying that some oil and gas companies agreed with its prediction that global consumption would hit a plateau

@ yahoo/finance i o news ymbos o companies

before 2030.

IEA Bioenergy A Aboul~ Wholswhov Activities:Tasks e @ ) v . ‘ ' '
Finance Watchlists My Portfolio Markets News  Videos  YahooFinancePlus S The rising share of solar and wind in electricity generation, growing electric vehicle sales and economic
— @ development in key emerging nations will lead to that conclusion, Fatih Birol told the [N IRLUTEIGTLRZI
in Paris
S&P Futures Dow Futures Nasdaq Futures Russell200C . ___ — . -
. . - - - 5,079.50 38,940.00 17,963.25 2,052.90 78.09 ,037.4
Innovation in all its forms in spothght at o tanos b rere mtamoso e | R tommmy X

SdEnergy Innovation ForumfEt@isyy pston

Ministerial Minesto participates in roundtable at International Energy Agency's invite-only
nisteria N EFAALTWELLLN LTI on Global Energy Transition
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2024 IEA Ministerial Communiqué emphasised Renewables Ied

« Tripling renewable energy capacity globally by 2030, taking into account national
circumstances.

» The IEA to provide policy recommendations in priority intervention areas, including investments
in power grids, lowering costs of financing in developing states, and speeding up
permitting.

» To extend the resilience and reliability and increase the utilisation of renewable energy through
measures such as grid-scale batteries, pumped-storage hydropower and other storage
technologies, grid reinforcements, smart grids, digitalised demand response, PV self-
consumption, distributed generation, and the proactive role of consumers as prosumers.

» Further developing clean energy technologies such as renewables, low carbon and renewable
hydrogen and its derivatives such as ammonia, and CCUS particularly for hard to abate
sectors.

« Commitment to support energy RD&D to reach the 2050 objectives, including through the
IEA’s Technology Collaboration Programmes (TCP).

* Welcome the upcoming opening of the IEA’'s Regional Cooperation Centre in Singapore
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2024 |IEA 50" Anniversary and Ministerial meeting
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