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Our partners and principals have consulted for leaders throughout the region
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Overview

What exactly IS energy security?

Is fuel diversity valuable?

Is strategic flexibility important?
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Energy security is one leg of the “sustainability trlemma” that appears in
energy policy discussions for many countries

Malaysia's three principal energy objectives Singapore’s energy policy objectives

Adequate, Secure Economic
Competitiveness

Cost effective Supply

Environmental

Efficient Environmental Energy Security Sustainability

Utilization

Taiwan's Sustainable Energy Policy: Japan's Energy Policies: 3Es
Win-Win-Win Solution for Energy, Environment and Economy
Security of
Energy Supply
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Harmony with . Economic
Environment Efficiency

4 The Lantau Group



As part of a policy study, we did an exhaustive literature review — countless
policy papers exist discussing energy security

& Academic papers for assessment criteria
& Australia
, Case studies
& Country specific
@ EU
& General
& General Papers
& New York
& Quantitative modelling
ol UK
@ 1, 200911 axon_presentation measuring energy security
@ 1, Australian Liquid Fuel Yulnerability Assessment
@ 1. axon_presentatiocn measuring energy security
@ 1. Saving_Electricity in a hurry
@ 1. The Hidden Costs of Elecreport
@ 1.Electricity_sector_opportunities
@ 2, Externality of energy insecurity
@ 2. renewing_energy_security_mitchell_july_2002
@ Z.renewing_energy_security_mitchell_july_2002
@ 3. Lloyds_360_Energy_Pages
@ 3. Measuring Energy Security-Trends in the diversification of oil and natural gas supplies
@ 4, Energy security - perceptions and reality, systemic and reductionist
@ 5. Cherp_and_lewell 2011-three perspectives of energy security
@ 6. Lesson learned from energy security
@ 6. Lesson learned from the energy policies of IEA countries
@ 1. An overview of study of VOLL
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¥ 8. Australian Liquid Fuel Vulnerability Assessment

@ 8, Diversity of generation technologies- Costello

@ 9. Internaticnal relations and security of energy supply

@ 71238 _Lloyds_360_Energy_Pages

@ 200911axon_presentation measuring energy security

@ 200911 gracceva_presentation

=L 630282129

@ an overview of study of YVOLL

@ ATSEHiddenCostsElecreportl 262168477

@ Cherp_and_lewell 2011-three perspectives of energy security
@ compendium lesson learned from energy security

@ D_05_1 energy supply externalities update_Dec_07

@ Diversity of generation technologies-Costello

@ electricity_sector_ocpportunities

@ Energy security - perceptions and reality, systernic and reductionist
@ Energy Security in Four Asia countries

@ ESWG ermergency arrangements discussion paper - March 09

@ EU Gas security

@ externality of energy
@ fuel_diversity 11202008 new york

@ imf measuring energy security

@ Learning from the blackouts 2005

@ Liquid Fuel Vulnerability Assessment

@ mearsuring energy security imf

@ Meeting the energy challenge-White paper
@ renewing_energy_security_mitchell_july_2002

@ Saving_Electricity



That's just the tip of the iceberg — for example, let’s look inside the “Academic

Papers” folder

Acadernic papers for assessment criteria

& Australia
, Case studies
& Country specific
@ EU
& General
& General Papers
& New York
& Quantitative modelling
ol UK
@ 1, 200911 axon_presentation measuring energy security
@ 1, Australian Liquid Fuel Yulnerability Assessment
@ 1. axon_presentatiocn measuring energy security
@ 1. Saving_Electricity in a hurry
@ 1. The Hidden Costs of Elecreport
@ 1.Electricity_sector_opportunities
@ 2, Externality of energy insecurity
@ 2. renewing_energy_security_mitchell_july_2002
@ Z.renewing_energy_security_mitchell_july_2002
@ 3. Lloyds_360_Energy_Pages
@ 3. Measuring Energy Security-Trends in the diversification of oil and natural gas supplies
@ 4, Energy security - perceptions and reality, systemic and reductionist
@ 5. Cherp_and_lewell 2011-three perspectives of energy security
@ 6. Lesson learned from energy security
@ 6. Lesson learned from the energy policies of IEA countries
@ 1. An overview of study of VOLL
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@ an overview of study of YVOLL
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@ Cherp_and_lewell 2011-three perspectives of energy security
@ compendium lesson learned from energy security

@ D_05_1 energy supply externalities update_Dec_07

@ Diversity of generation technologies-Costello

@ electricity_sector_ocpportunities

@ Energy security - perceptions and reality, systernic and reductionist
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| couldn’t even fit our entire directory of academic studies onto the slide!

@ EPRG @ Analytical Approaches to Quantify and Value Fuel Mix Diversity (FA Roques, Jul 2008)
@ 1. Indicators for energy Security(Kruyt, March 2009) @ APEC 1998

@ 2. An optimization Medel for Long-term Planning of Energy{Jirutitijaroen;He) @j APEC Strategic Framework Paper

@j 2. Uganda_Emission_Factor_Grid_FINAL REPORT @ Applying portfolic theory to EU electricity planning and pelicy-making (Awerbuch and Berger, Feb 2003)
@ 3. Designing indicators of long-term energy supply security(Jansen, Jan 2004) @ ASEAN Energy Outlook

@ 4, Competing dimensions of Energy Security(Sovacool; Brown Jan 2009) @ assess the cost of energy disruption

@ 5. Analytical Approaches to Quantify and Value Fuel Mix Diversity (FA Roques, Jul 20 @ bazilian et al 2010 measuring energy access supporting a global target

@ 6. GWS Discussion paper - More baskets (Ulrike Lehr) @ CEE-GLOBAL OIL_MARKETS

@ 7. 0n the Economics and Analysis of Diversity (Stirling, 1998) @ Cherp_and_lewell 2011

@ 8. Energy security - market oriented approach (Jenny, OECD 2007) @ Competing dimensions of Energy security (POLINARES workshop; Brown May 2011)
@ 8. Conceptualizing Energy Security (Winzer, 2011) @ Competing dimensions of Energy Security(Sovacool; Brown Jan 2009)

@ 10, Applying portfolio theory to EU electricity planning and policy-making {Awerhu:@ Conceptualizing Energy Security (Winzer, 2011)

@ 10. Security of Energy Supply (Constantini and Vicini, June 2005] @ data OECD country strategic assessment for environmental

@ 11. Competing dimensiens of Energy security (POLINARES workshop; Brown May 2(@ Designing indicators of long-term energy supply security(Jansen, Jan 2004)

@ 12. Competing dimentions of energy security @ Energy and the Asian Security Mexus (Fereidun Fesharaki 1993)

@ 13. Accounting for Fuel Price Risk When Comparing Renewable to Gas-Fired Genera'@ Energy Indices

@ 13. ForfasklectricityBenchmarkingStudy @ Energy security - market oriented approach (Jenny, QECD 2007)

@ 14, An integrated approach towards a secured energy system @ energy security lky

@ 15. Fuel mix diversification incentives in liberalised electricity markets (2006) @ FINAL_Reliability Security Review (6 Apr 09)

@ 16, Indicators of energy security in industrialised countries @ ForfasElectricityBenchmarkingStudy

@ 17, Energy Security in Energy Systems Modeling @ gupea_2077_26307_3

@ 18. The (non)sense of Energy security indicators @ GWS Discussion paper - More baskets (Ulrike Lehr)

@ 18. Energy Security Indicaters, JRC Consulting @ Indicators for energy Security(Kruyt, March 2009)

@ accessing the cost of energy disruptions in APEC @ MIT-5MR-BCG-sustainability-the-embracers-seize-advantage-2011 (ideas on diagrams and charts)
@ Accounting for Fuel Price Risk When Comparing Renewable to Gas-Fired Generatiur@ On the Economics and Analysis of Diversity (Stirling, 1998)

@ An optimization Medel for Long-term Planning of Energy(lirutitijaroen;He) @ Publications-2011-50TR-5upplement-Transpacific-Energy cooperation

ZL analysis of energy security in the baltic region 2L REACCESS Book - Security of Supply & Risk of Energy Availability (June 2008)
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So much has been written — what have they said?

10
percent
— 10 Attemp_;s to
‘ percent provide
— useful policy
——= guidance
— 90
percent

\ Attempts to quantify
90 “energy security” so

percent  gsto rank countries
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For example, note the indicators referenced in this “meta-study” of academic
literature — how useful are these indicators really for decision-making?

9

Dimension Explanation

Availability Diversifymng the fuels used to
provide energy services as well as
the location of facilines using those
fuels. promoting energy systems that
can recover quickly from attack or
disruption, and mumnizing
dependence on foreign suppliers

Affordabiliryk  Providing energy services that are
affordable for conswumers and
munmuzmg price volanhity

Energy and Improving the performance of

Economic energy equipment and altering

Efficiency consumer attitudes to reduce energy
price exposure and mutigate energy
mnport dependency

Ermviromnental Protecting the natural enviromment
Stewardship  and foture generations

Indicators

-Onl import dependence:
~Natural gas mmport dependence:
-Dependence on petrolemm
transport fuels

-Retail electncity prices:
—Retail gasoline petrol pnces

—Energy mtensity (per GDP).
—Per capita electricity use;
-On-road fuel mtensity of
passenger vehicles

—Sulfur dioxide enussions:
—Carbon dioxide emussions

Percent of
Articles

82%

51%

34%

26%

Source: Competing dimensions of energy security (Brown, May 2011)
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The useful literature recognizes that energy security risks take different forms —
and must be analyzed and addressed separately

Energy Security Physical Financial

Risk Matrix (supply shortfall) (high prices)

Technical failure
Short-Term Extreme weather events
Political disruption

Supply disruption
Cartel production quota

Resource depletion
Long-Term Resource nationalization
Policy/regulatory failure

Fuel price shifts
New technologies

10 The Lantau Group



Furthermore, each class of risk can best be managed via different strategies

Energy Security Physical Financial

Risk Matrix (supply shortfall) (high prices)

Physical redundancy Bilateral contracts
Short-Term L ) .

Supplier diversity Hedging instruments

Prudent planning Clear policy guidance

Long-Term

Clear policy guidance Strategic flexibility
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Clear policy guidance requires a value-based framework

From Ambiguous Triangle To Clarifying Prism

Cost Cost-
Competitiveness Competitiveness

Apparent Trilemma
Ranking Ranking
TRILEMMA
“A, B, C, D” VALUE “C,B, D, A”
FRAMEWORK

Environmental Energy Environmental Energy
Sustainability security Sustainability Security
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We must also dispel a “sacred cow” of energy security policy — “energy
independence” does NOT imply appropriate energy security

“Notions of “energy independence” are not only obsolete,

they can be dangerous.”

INTERNATIONAL RELATIONS AND SECURITY OF ENERGY SUPPLY:
RISKS TO CONTINUITY AND GEOPOLITICAL RISKS

Jan Horst Keppler
Professor of Economics, University of Paris—Dauphine
Director of the Energy Program of the French Institute for International Relations

 International fuel markets exist because there are mutual benefits to trade; developing
national resources in preference to imports necessarily incurs higher costs

 International fuel markets are actually highly secure and robust — there is no more
liquid market than crude oll

 International fuel markets offer hedging mechanisms to mitigate spot price risks

* “Energy independence” implies an implies a self-centered, inward-looking attitude
willing to invest politically (or even militarily) in securing scarce resources — such a
race for resources would be mutually destructive for all.

13 The Lantau Group



Overview

What exactly IS energy security?

Is fuel diversity valuable?

Is strategic flexibility important?
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Diversity — and the related issue of fuel mix — is a timely topic due to several
Issues facing SE Asian economies

« Many are grappling with the transition from a largely domestically-fueled electricity
system to one tied to fuels traded in international markets

« A second challenge is the dramatic increase in the price of natural gas — which is now
(or will soon be) the marginal fuel for many SE Asian economies

» The desire to reduce carbon emissions by substituting gas for coal runs counter to the
push for greater energy affordability and cost-competitiveness.

15 The Lantau Group



Globalization exposes these markets to volatile prices — at least at the margin

DOMESTIC MARKET STRONG LINKAGE
Victoria, Australia Singapore
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Since the mid 90s, gas in Asia has moved from being 40 percent more

expensive than coal to 240 percent more expensive

2810

m Coal

mGas
20.0

15.0
10.0
0.Q

1950-1853 20K]-2004 2052010 H011-2012

Coal and gas price, real 20102
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As a result, the cost of carbon compliance is much higher than in the US or
Europe — which highlights the opportunities in international carbon trading

Carbon price required to induce switch from coal to gas
US$/mt CO2

140

—
-
—

100

oo
=

60

40

Cost per Tonne of CO2 {in USD)

20

ASIA Europe

Fuel Mix is a euphemism for... We don’t like our choices!
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Fuel diversity (as distinguished from physical redundancy or supplier diversity)
IS unquestionably valuable — but how valuable?

» Fuel diversity lowers risk via the “portfolio effect” — a basket of fuels will have lower
overall price risk than a single fuel

— But contracts and hedging instruments already exist to mitigate short-term volatility
— Long-term correlation between fuel prices in international markets is very high

— What long-term risks are we worried about anyway — since it is virtually impossible (and
probably not desirable) to decouple from international energy prices in the long run?
* An electricity system incorporating fuel diversity can reap the benefits of dispatch
flexibility — that is, the ability to burn the least expensive fuel at any time

— Reaping dispatch flexibility benefits requires that fuel prices be free to float so that such
dispatch opportunities arise

— The primary fuel competition today in Asia is between gas and coal — whose prices as so far
apart as to create relatively few opportunities to realize the benefits of dispatch flexibility

— Strategic flexibility can reap the benefits of long-term relative shifts in fuel prices.

19 The Lantau Group



Diversity advocates point to fuel-diverse systems as examples of good public
policy — but fail to recognize that diversity often results from strategic flexibility

20 Relatively low coal
- 18 - prices in the early
2 16 1980s and late 2000s
g induced waves of Crude
n 14 coal development
8 12 -
o 10 -
i
s 8
i
g 6
g 4 - Coal
o
2 !
D I

KOS MG AR RRC G G A A SRR RPN A S SN A

Mote: Crude price: 1870 - 1987 :Arab Light Crude prices ; 1988 - 2012: Brent price (historical Brent price only starts from May 1987)
Coal price: 1870 - 1982: average coal prices im the US from EIA; 1983 - 2012: Newcastle FOB price
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For example, CLP (Hong Kong) has a diverse fuel mix that resulted from a
series of purely economic decisions made at various points in time

350,000

300,000 -

250,000

200,000 -

150,000 -

TJ fuel hoat value

100,000 -

50,000 -

1870
1972
1574
1876
1978
1980
1982
1984
1986
1988
1930
1992
1994
1936
1938
2000

21 The Lantau Group



By contrast, the Philippines has fuel diversity that arose by virtue of its regional

energy endowments

Generation mix in the Philippines (2010)

Percent Wind Biomass

50TWh 9TWh 8TWh 68TWh
100 - -/ i Solar
“E
80 -
Coal
60 -
40 Natural Gas
20 Hydro
Geothermal
O _

Luzon Visayas Mindanao Total
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Installed capacity mix in the Philippines (2012)

Percent Wind Biomass
11.4GW 2.1GW /\1.8GW 15.2GW

100 - Solar
80 -
Coal
60 -
40 - Natural Gas
20 Hydro
Geothermal
0 .

Luzon Visayas Mindanao Total



Overview

What exactly IS energy security?

Is fuel diversity valuable?

Is strategic flexibility important?
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We analyze the benefits of diversity using a value-based framework

Capital
O&M Traditional
System Costs
System |
Cost Fuel
c Customer Cost of
ustomer
Unserved Energy
7] Shadow Prices of
Externality —  Environmental
i _ Externalities

24 The Lantau Group



The benefits of diversity arise from risk reduction — and valuing risk reduction
demands an underlying uncertainty framework

Gas Price
\ Electricity System
Generation Schedule
Peak Load ¢ System Cost
Expansion
Capacity Plan

. Dispatch >
Expansion

CCGT Cost / Total Production Costs
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We can analyze the impact of uncertainty on future technology choice via a
“probabilistic screening curve” analysis

Option A has lower fixed costs,
but higher variable costs, so at

low capacity factors it has the
lowest LRMC Option B has higher fixed costs, but
lower variable costs, so at sufficiently
high capacity factors there is enough
higher LRMC at low capacity factors
because there is less output across
which to amortize the fixed costs

LRMC

/@
L

|

0% 10% 20% 30i% 40% 50% 60% 70% 80% 90% 100%

Annual Capacity Factor
Optimal choice for capacity of a

given capacity factor: i
< Option A Option B >
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The cross-over in the screening curves determines the capacity factor at which
one technology will yield to another — and thereby the optimal capacity mix

LRMC

Comparing the screening curves and the load-
duration curve gives the optimal capacity mix if
the system were perfectly flexible

®

0%

100% 1

90% |~

80% 7

Load factor

70% 7

60%

10% 20% 30% 40%

In this example about
ninety percent of the
capacity should be B
(and the remainder A)

50% 60% 70% 80% 90% 100%

Annual Capacity Factor

50%
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Since the screening curve is looking at capacity expansion, the economic

choice between technologies is based on long-run marginal cost

28

VOM
(SGD/MWh)

Fuel price
(SGD/MMBTU)

Heat rate
(BTU/KWh)

Fuel cost

(SGD/MWh)

Iy

Emissions volume
(Ib/MMBTU)

Emissions rate
(kg/MWh)

Emissions price
(SGD/MT)

Annual capital charge
(SGD/kW-year)

[

¥
' Emissions cost
I u (SGD/MWh)

LRMC
(SGD/MWh)

FOM
(SGD/kW-year)

Availability

(%)
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Fixed charge
(SGD/MWh)

Target capacity

factor (%)




We then “drive” the screening curve analysis with representative fuel price and
technology cost/performance scenarios that span the range of possibilities

50
45
40
35
30
25
20
15
10

Asian LNG Spot Price (S/mmbtu)

5
0

2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
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If we look at a “"time slice”, these scenarios imply cumulative distributions on
the various fuel prices

100% -

90% -

80% -

—NG
Diesel

= HSFO
Coal

= Pet Coke

70% -

60% -

50% -

Likelihood

40% - e Jranium

= Bjomass
30% -

20% -

10% -

O% a T T T T 1
0 5 10 15 20 25 30 35 40 45 50 95

Fuel price (2012 SGD/MMBTU)
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This structure yields a probabilistic optimal mix in which each technology has
some likelihood of being the least-cost unit (at a given capacity factor)

100%:
H0%:
50% 32 percent
F0%
B0%

S0% 28 percent

A0%:

Likelihood

0%

20%;
10%, 40 percent

0%
0% 0%, 20% 0% 0% % GO % A% q0% 1009

Capacity Factor
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The system average cost for the incremental capacity is lowered by strategic
flexibility — the opportunity to harness the least-cost mix of technologies/fuels

Mean = SGD 114/MWh

70 -

Number of scenarios

IIIHIII

I O O MM dLW0 O MM Lwuw O MMM LI O MIDMNN LI OO MIDMNNSLW OO0 M
N MNM~NDMNMOW 0 OO OO OO A A N AN MO OO W LW W O O N~NMN~NIDMNSMO
S T T e R T o R TR R e IR T R e T e R O e O B e R TR o R T o O

System Average Cost (SGD/MWh)

The next step is to integrate this probabilistic capacity expansion with the existing system
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The consideration of system cost uncertainty adds an additional component to
the total cost measure — the risk premium, or willingness to pay to avoid risk

System Cost Expected
System

Cost
‘ Total Cost

Risk is defined as the extent to which
investment in a given technology
_ increases (or decreases) the variance in

cost relative to the least-cost system
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The available technology options and existence of fuel constraints affects the
extent of future strategic flexibility — and thereby the expected total system cost

Expanded

Generation Technology Relaxed Fuel
Investments  Options Constraints

YI e

Electricity System

Generation Schedule

¢

Capacity
Expansion

?

Total Production Cost

Expansion

Plan
Dispatch
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Value Quantification

Total |
Cost

Expected

System |

Cost

Trilemma
Value Measure




This probabilistic capacity expansion must account for the impact of
“investment asymmetry” and “out-of-the-money technology options”

8% -

Annual Capital Recovery (percent of investment)

0% -
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7% -

6% -

5% -

4% -

3% -

2% -

1% -

mCCGT
Initial Year = Coal
Investment
— Asymmetry
Effect
Out-of-the-Money
Subsequent Years Technology Option

— Effect

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Year of Service



Given this probabilistic engine, we can determine the value of dispatch and
strategic flexibility

System Optimization

‘ Probabilistic Dispatch
Dispatch and Capacity Expansion

Capacity

Scenarios Expansion

System Optimization

‘ Probabilistic
Dispatch Dispatch

”
N

Deterministic Capacity

Expansion Plan
Expected Value

System Optimization

‘ _ ‘ Deterministic Dispatch
capaclty || pispatch and Capacity Expansion

Expansion
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In general, strategic flexibility has far more value to an electricity system than
dispatch flexibility

Value of
Strategic
Flexibility
Value of
Operational
Flexibility

1

Total Cost

Probabilistic Dispatch Probabilistic Dispatch Deterministic Dispatch
and Capacity Expansion and Capacity Expansion
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Implications of Trilemma value framework

« Expanding the opportunity to profit from strategic flexibility has great value

Investments in infrastructure that expand the scope of technology/fuel options are valuable

But long-term take-or-pay contracts that force utilization of such infrastructure reduces
strategic flexibility

Policies that create non-market constraints — such as carbon caps that preclude the use of
international offsets — limit strategic flexibility

High-capital, low-variable cost investments offer fewer opportunities for the overall system to
gain from strategic flexibility

« By itself, diversity has relatively little value

Incremental dispatch flexibility associated with diversity has relatively little value given
existing fuel price expectations in SE Asia

Strategic flexibility can capture much of the long-term potential dispatch flexibility

The value of “portfolio diversification” appears to be small (on the order of a few percent of
capital cost) relative to differences in long-run marginal costs

Hedging mechanisms exist that do not require investment in diverse resources..
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Thank You!
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For more information please contact us:

By email
General Capabilities Inquiries
projects@lantaugroup.com

Direct Communications
mthomas@lantaugroup.com
sfairhurst@Ilantaugroup.com
tparkinson@Ilantaugroup.com
nsemple@lantaugroup.com

By phone
+852 2521 5501 (office)

By mail

4602-4606 Tower 1, Metroplaza
223 Hing Fong Road,

Kwai Fong, Hong Kong

Online
www.lantaugroup.com
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