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As an energy developer, regulator and system operator, EMA seeks to
balance trade-offs across the Energy Trilemma

 Diversify energy sources

» Enforce performance
standards and penalties

» Develop human capital in
power sector

___________________________________________________________

 Liberalise energy market

| « Ensure level playing field in

: competitive sectors

* Regulate revenue of natural .
| monopolies (e.g. grid operator)

» Catalyse clean energy

R&D and experimentation
* Improve energy efficiency
» Carbon tax

Resource/ alternative Energy importer and High energy demand

CONSTRAINTS: : : :
energy disadvantaged price taker per unit area
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In 2019, we launched Singapore’s Energy Story to outline Four Switches we
will adopt, to green our energy sources and optimise our energy usage

Regional | Low-Carbon
Natural Gas Power Grids Alternatives
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Singapore’s electricity market has evolved over the years

Corporatisation of PUB's Divestment of the gencos Introduction of the Electricity
electricity and gas previously owned by Temasek Futures Market (EFM)
undertakings Holdings
l 2010 - 2016 2018 - 2019
« Separation of competitive functions from natural New generation Nationwide launch of the
monopoly functions. plantings by existing Open Electricity Market
* EMA & EMC established and new gencos (OEM)
* Launch of National Electricity Market of Singapore
(NEMS)

» Progressive lowering of the contestability threshold
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Overview of National Electricity Market of Singapore (NEMS)

Power Plants

Power Grid

Consumers:
Businesses &
Households

_N,N—} Electricity Flow

Market
Mechanism

Gencos compete to generate
and sell elecftricity in the WEM
every half-hour

Wholesale
Electricity Market

(WEM) Operator:
Energy Market
Company

Refailers buy
elecftricity in bulk

SS; Setfg:;i ity from the WEM to
from retailers supply fo consumers
and SPS

Retailers &
SPS

Financial Flow

Gencos bid half-hourly to sell electricity

() SPgroup

SPS provides
services such as
meter reading.
meter dafta
management and
facilitating
customer fransfers
beftween refailers.

\WEG
Operator A

Retailers/contestable consumers buy electricity

Energy Market Company (EMC)

Perform market cIearin and settlement functions
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Efficient Markets - Singapore transited to natural gas for power
generation, which accounts to about 95% of our fuel mix today

Singapore Electricity Fuel Mix in % (1999 - 2019)
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Transparent Markets - Solar has grown significantly and we aim to achieve
at least 2GWp by 2030
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For efficient markets, externalities need to be priced appropriately

Carbon Tax

Renewable Energy
Certificates

Time

Cloudy Day

Sunny Day

Managing Intermittency of
Renewables
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Commodity markets face feast-famine cycles - SWEM is an Energy-Only
Market (EOM) with cyclical periods of over-supply and low prices,
followed by periods of tight supply and high prices

Average Spot Energy Price (S/MWHh)

1. Underinvestment 2. Entry of
leads to tightening new capacity
reserve margins resulting in

and rising prices prices falling

3. The cycle
begins again

Feast-Famine Cycle of Power Generation Capacity Time (Years)
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Spot Electricity Prices declined as generation capacity increased over
time
Reserve Margin vs Spot Electricity Prices

250 100%

80%

N
o
o

argin

150 60%

100 40%

Reserve M

20%

Spot Electricity Prices ($/MWh)
(o)
o

0%
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 1H 2020

B Reserve Margin —e=Spot Electricity Prices

10

Smart Energy, Sustainable Future



To ensure resource adequacy in the longer term, EMA will introduce a
Forward Capacity Market (FCM) in 2021

What is the FCM?

« FCM is a competitive market-based auction to procure required generation
capacity up to four years ahead of the Delivery Year.

« Forward-looking framework of the FCM facilitates the entry and exit of resources
in a coordinated and orderly manner

« The Feast-Famine cycle of power generation would be moderated as investment
decisions would be guided by EMA's demand forecast and FCM auction results.

11

Smart Energy, Sustainable Future



FCM can moderate the Feast-Famine Cycle of Power Generation
and benefit all Stakeholders including the Resource Suppliers,
Investors/Lenders and Consumers

Resource Suppliers

« Stable stream of income via the capacity payments from the FCM in addition to spot market revenues.
« Solar PV suppliers also benefits from capacity payments.

Investors/Lenders

* Lowered investment risk

Consumers

« Enhance certainty of a reliable and secure supply of electricity to meet rising demand

« Facilitate entry of various technology types (such as CCGTs, Solar and Demand Response) which will help drive
competitive prices

« Strengthened checks and balances in place to ensure system reliability
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With the right policies and measures, the electricity market can enable us to
achieve our Energy 2050 goals while still ensuring competitive outcomes.

Fuel mix significantly

' i decarbonised, with clean or
About 95% of our energy Although still reliant on NG (but

comes from Natural Gas with higher efficiency), significant low-carbon baseload
the | ¢ fossil fuel ' share of our fuel mix come from  generation and/or carbon
€ cleanest Tossii Tue other options (e.g. solar, imports) capture technologies

Largely oil-fired

generation Charting Singapore’s Low-Carbon Future

Enhanced Nationally Determined Long-Term Emissions
Contributions (NDC) Development Strategy (LEDS)

Net zero emissions
as soon as viable in
the 2nd half of the
century

© O @
0,

Peak emissions at 36% reduction in Halve emissions

65MtCO.e around emissions intensity from its peak to
2030 from 2005 levels 33MtCO,e by 2050

13

Smart Energy, Sustainable Future



In conclusion, well-designed market structures and right energy policies will
enable Singapore to manage the challenges of our energy trilemma.

Market Enabler 1:

Market Structures

Market Enabler 2:
Right Policies
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THANK YOU
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