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Clean energy deployment is
accelerating
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The future power system will be
renewables-led
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The UK electricity market 2008 vs 2018 - incumbent share prices collapse
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Net Capacity Additions (GW)

7,000 -
Atomic PURPA & EPAct EPAct ARRA
Energy Act Fuel Use Act 1992 2005
6,000 e 1 =1
Price Clean Air | ITcfor|  caa
Anderson Act Act (CAA) PTC for Wind Solar | section 111
5,000 — | |
d CAA A d = @ Coal Natural Gas
4,000 1 i B @ Nudear @ Hydroelectric
Repeal of I @ Geothermal Other
Fuel Use Act
@ Petroleum @ Biomass
Wind Solar

Source: US Department of Energy
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Energy Act 2013
Electricity market reform

Contracts for Capacity :
Difference Mechanism )

(fixed-price 15-yr  (capacity payments :curlityof
Low : contracts) on availability) e
Policies
> — Emissions
“"“Carbon floor
Performance No new

Standard coal

Grubb and Newbery, 2018, UK Electricity market reform and the energy
transition; emerging lessons MIT CEEPR Working paper
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The dash for gas
CCGT capacity, 1990 onwards
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Capacity market outcomes
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The investment challenge

Annual CAPEX Requirement
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Commaodity prices have been very volatile, creating risks for market
participants

COPPER [LME Copper 3 Month Rolling Forward, .
USSIMT] CORN [Spot price, US$/MT]
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SILVER [Spot price, US$/0Z] COTTON [ESALQ Cotton Spot Price/Brazil, BRIl/pound]

Source: Bloomberg, Euromonitor, Roland Berger analysis
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Within the commodities world, energy is even more volatile,
especially electricity, that cannot be stored (so far)

CRUDE OIL [WTI Spot Price FOB, US$/BARREL) NATURAL GAS [Henry Hub Spot Price, USS/MMBTU]
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Auction Price, EUR/MWh]
Source: EIA, Bloomberg, Roland Berger analysis
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Portfolio Management and Trading help structure and manage risks
PM&T function overview

Input W Processes/activities Output @

> Asset Portfolio Management (PM)
characteristic > Portfolio structuring > Portfolio optimization
— Fuel — Fuel sourcing (type of fuel, contracts, ...) — Fuel contracts utilization > Power
procurement - Influence on generation fleet (LT vs. sport, flexibility,...) plants
contracts (repowering level of flexibility, ...) — Own generation vs. dispatch
- Generation - Orientation of customer portfolio ( purchases program
plants contracts, management / interruptions of > Network
Customer loads, ...) scheduling
. > Deliver
loads Trading (T) progran¥
> Financial and > Flow Tradi ,oil buylsell transactions, for external :
risk ow Trading (power, gas, coal, oil) buy/sell transactions, for externa > Trading
expectations parties and for the portfolio manager ("window to the market") transactions
> Market > Asset-backed Trading
conditions > Proprietary/own account trading
rice, volume, : o
|(ip uidi Risk monitoring & control

Source: Roland Berger Strategy Consultants
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AGENDA ;
Tokyo Power Market Seminar
(9:30 - 17:30, June 14, 2018)
1. Opening

9:30-9:40 Opening Remarks
Shin HOSAKA, Deputy Commissioner, Agency for Natural Resources and Energy

2. Power Markets Today
9:40- 10:00 Power Markets Today
Keynote: Market design in an age of transition
Albert CHEUNG, Head of Global Analysis, Bloomberg New Energy Finance

10:00 - 11:15 Retail Market Development
- Liberalizing Japan’s Electricity Market
Darin COOK, CEO, Infinite Energy

10 years of Supply Market Development in the United Kingdom
Robert GROVES, CEO, Smartest Energy

UK Retail Energy Market Development - Smart is only the start -
Mark COYLE, Vice President of Corporate Strategy, Energy Services Group

Moderator: Gustav H. BEEREL, President, Customized Energy Solutions Japan

11:15-12:30 Wholesale Market Development
Overview of PJM: Looking Back to Look Forward
Craig GLAZER, Vice President, Federal Government Policy, PIM
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European Wholesale Market Development
Wolfram VOGEL, Director Public & Regulatory Affairs, European Power Exchange (EPEX
SPOT)

Wholesale Market Development
Takashi MURAKAMI, Chairman & CEO, Japan Electric Power Exchange (JEPX)

Moderator: Hiroshi TOMITA, Director, Infrastructure and PPP, PwC Advisory LLC

(12:30 - 13:30 Lunch Break)

3. Market Volatility & Risk Management

13:30 - 15:20 Market Risk Management
Keynote: Ready for energy market risks? - Introduction to risk management approaches
-Denis DEPOUX, Senior Partner, Managing Partner of Greater China, Roland Berger

Energy Price Exposure
Julie ARNOLD, Head of Power Trading, Asia Pacific, RWE Supply & Trading

(No Title)
George DRANGANOUDIS, Managing Director, Head of Energy & Commodities TP ICAP
APAC

(No Title)
Richard EVERETT, Head of Product and Markets, Trayport

Moderator: Kazuo OSHIMA, Director, Deloitte Touche Tohmatsu LLC

(15:20 - 15:40 Coffee Break)

4. Energy Market & Investment
15:40-17:30 Power Generation & Transmission Investment
Keynote: Power Generation and Transmission Investment
Matthew WITTENSTEIN, Senior Electricity Analyst, IEA

Challenges to power generation investment
Manabu NABESHIMA, Director for Electricity Supply Policy, METI

(No Title)
David BALDWIN, Senior Managing Director, Macquarie Infrastructure and Real Assets

UK energy policy and market reform
Robert GROSS, Director, Centre for Energy Policy and Technology, Imperial College London

Moderator: Miho KUROSAKI, Head of Japan and Korea Research, Bloomberg New Energy Finance

5. Closing
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Albert CHEUNG: Head of Global Analysis, Bloomberg New Energy Finance

Power Markets
Today

Market design in an age of transition

Tokyo Power Market Seminar

Albert Cheung

June 14,2018

Clean energy deployment is
accelerating

Annual global renewable energy installations, 2004-2017
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Solar and wind will be the cheapest forms of
electricity in most countries by 2030...

Levelized costs of electricity for utility-scale solar, wind, coal and CCGT

China
$Mwh (real 20186) ceeT
180
160
140
120 Utilty-scale
100 B
80 Coal
B0
40 -\-‘\
20 Onshore
wind

2017 2020 2025 2020 2035 2040

Source: Bloomberg New Energy Finance. New Energy Outlook 2017
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Solar and wind will be the cheapest forms of
electricity in most countries by 2030...

Levelized costs of electricity for utility-scale solar, wind, coal and CCGT

Japan

MW (real 2016)

India

$/IMWh (real 2016)

250 120
100 Onshore
200 wind cceT
150 Ons_;hore 80
\wmd Coal
> coeT 60
100 —
Coal 40 e ——
50 i
Utility-scale 20 Utility-scale
Py PV
] 0
2017 2020 2025 2020 2035 2040 2017 2020 2025 2030 2035 2040
Source: Bloomberg New Energy Finance, New Energy Outlook 2017
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The future power system will be

renewables-led
Global power generation mix, from BNEF’s New Energy Outlook 2017
2016 2040
Utility-scale Small-scale Small-scale
PV

PV - PV Utility-scale
Onshore 1% : 1% b

wind
4%

5%

Hydro
17%

Nuclear

10%
Qil
49

New Energy Outlook 2018
will be out next week!

Source: Bloomberg New Energy Finance, New Energy Outlook 2017
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Future power systems will require
much more flexibility

Highest output week for renewable energy in the U.K. in 2040

GwW
20 Flexible resources
must fill gaps

60

40 mm Curtailment
o0 I 10ffshore wind

-1|' mm Onshore wind
0 \ 3 Solar
F m 1 mm Other generation
-20 —Demand
[ Frequentexcess wind f
’ Low or negative power
solar generation ]

-40 prices common

23/Feb 24/Feb 25/Feb 26/Feb 27/Feb 28/Feb 29/Feb
10:00 10:00 10:00 10:00 10:00 10:00 10:00

Source: Bloomberg New Energy Finance
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Power market design issues
around the world

¢ Cheap gas and renewables causing challenges for coal and nuclear plants
» Rise of distributed energy, New York REV and community choice aggregators

¢ Impacts of growing RE on power market
» Move towards ‘merchant’ projects and possibility of self-cannibalization
o Clean Energy Package, 2030 goals and European internal energy market

* Power market reforms, liberalization, growth of clean energy

» Launch of National Energy Guarantee, recent developments in South
Australia

» Rise of distributed energy resources
¢ Increasing penetration of variable, zero-marginal-cost renewables
» Growing need for flexibility

o Paris commitments to continue reducing greenhouse gas emissions

6 Bloomberg
New Energy Finance

Market design: goals and challenges

&

Clean Reliable Cheap

1.Credible market signals for long-term investments in energy and flexibility
2.0Optimized short-term dispatch and balancing of supply, demand and storage

3 Capacity build and energy provision in the geographical locations where it is needed
4 Proper integration and valuation of distributed resources

5 Markets that encourage innovation and are future-proofed for emerging technologies.

7 Bloomberg
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Market design: goals and challenges

&

Clean Reliable Cheap

1.Credible market signals for long-term investments in energy and flexibility
2.0Optimized short-term dispatch and balancing of supply, demand and storage
3.Capacity build and energy provision in the geographical locations where it is needed
4 Proper integration and valuation of distributed resources

5 Markets that encourage innovation and are future-proofed for emerging technologies.

8 Bloomberg
New Energy Finance

The rise (and success) of
renewable energy auctions

Selection of 1Q 2018 record average auction winning bid 50 9 GW
r ~ \‘) =

Capacity auctioned in 2017

tewe | 40.8GW

$55. 57/ MWh

New capacity for auction that
was announced in 1Q

18.9GW

New capacity for auction
announced just in India

Source: Bloomberg New Energy Finance. Note: this slide has been comected fo show the annual capacity auctioned is for 2017.
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India solar and wind auction bids
vs. coal and gas LCOE

Rupees/kWh
10.95
7.49 700
5.51 595 Gas LCOE 1H 2018
i 463 434 — =Coal LCOE 1H 2018
------------------------- 3o Solar - lowest bids
244 i ——Wind - lowest bids
243 2.44
2010 2011 2012 2013 2014 2015 2016 2017 2018
YTD

Source: Bloomberg New Energy Finance
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European offshore wind: levelized
auction prices

Levelized bids {2016 $/Mmwh)
200
Early CID - Dudgeon, Burba, YWalhey

Early CID -- Bealrice, Hornsea 1
CfD R1 - Eagt Anglia 1
150

CI-RT-Nean Ne Gaothe
Gemini \T U.K.
CID RZ - Trton Knolf
Netherlands CfD R2 - Homsea 2, Moray Finh
100 O
whor o T Germany
SOMTARY. Borssele | &1 Goge Hrind.
Hoir Borssele ifl & 6——o0
= OWE West He Draibt
Hollandse Zuid (&l BRW I
0 T T T T |
2012 2014 2016 2018 2020 2022 2024 2026 2028

O Zero-subsidy bid

Source: Bloomberg New Energy Finance. Notes: Figures refer o an estimated project LCOE, taking into account tariff, inflation, merchant tail and a project lifetime. Horizontal
axis refers fo commissioning year.
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Market design: goals and challenges

&

Clean Reliable Cheap

1.Credible market signals for long-term investments in energy and flexibility
2.0ptimized short-term dispatch and balancing of supply, demand and storage
3 Capacity build and energy provision in the geographical locations where it is needed
4 Proper integration and valuation of distributed resources

5 Markets that encourage innovation and are future-proofed for emerging technologies.

12 Bloomberg
New Energy Finance

U.K. current frequency response

Response Minimum Most suitable

Type time Duration capacity technologies

Enhanced 1sec 15 min 1MW Battery storage

Primary 10 sec 20sec 10 MW (can be Conventional

e = from generation, DR,

Mandatory High-frequency 10 sec Indefinite " Batisrystorage
Secondary 30 sec 30 min smaller units)

Primary 10 sec 20sec 10 MW (can be Conventional

: i " from generation, DR,

Firm High-frequency 10 sec Indefinite s s Bation slomas
Secondary 30sec 30 min smaller units)

Source: Bloomberg New Energy Finance based on National Grid

13 Bloomberg
New Energy Finance



Current vs proposed frequency
response services

Current

Response Response

Product s Duration | 5 ee[i[e . Duration
time time
Enhanced 1 sec 15 min None
Dynamic
: re-fault
::!’"Eary & 10 sec 20 sec P
'9 Dynamic o 10-30
post-fault minutes
Secondary 30 sec 30 min Static.
containment
14 Bloomberg
New Energy Finance
Battery storage is much better at
providing frequency response
Fossil fuel generator providing frequency
response
[ [ [ [ [
EEEEEEEEN
HEE B BEEN
15 Bloomberg

New Energy Finance



Battery storage is much better at
providing frequency response

Fossil fuel generator providing frequency Battery storage providing frequency response
response

16 Bloomberg
New Energy Finance

Market design: goals and challenges

&

Clean Reliable Cheap

1.Credible market signals for long-term investments in energy and flexibility
2.0Optimized short-term dispatch and balancing of supply, demand and storage

J.Capacity build and energy provisionin the geographical locations where itis
needed

4 Proper integration and valuation of distributed resources

5 Markets that encourage innovation and are future-proofed for emerging technologies.

17 Bloomberg
New Energy Finance



Germany: illustrative north-south
transmission versus loop flows

North-south transmission Loop flows through neighbouring countries
I DE PL l DE PL
AT AT
Source: Bloomberg New Energy Finance
18 Bloomberg

New Energy Finance

U.S. power market has thousands of nodes

U.S. northeast node prices, 2017 — through July
Each spoton the map is a node where powertrading can occur
Prices can be quite differentin different locations

.
L . (Y

Locational Marginal
Prices (LMPs)

Highest prices
Median prices

Lowest prices

19 Bloomberg
New Energy Finance



Price differences are caused by
transmission constraints...

Transmission constrainis cause nodal power price divergence. Load-heavy regions like Maryland (BGE Zone) tend to have high prices while
generation-heavy regions like parts of Pennsylvania (PPL Zone) tend to have lower prices.

Locational Marginal
Prices (LMPs)

Highest prices

Median prices

Lowest prices

Bloomberg
New Energy Finance

...and by differences in fuel costs

The fact that low-priced power sits atop the Marcellus Shale is not a coincidence. Generators sourcing cheap, Appalachian gas from pipes like

Tetco M3 made power cheap in Pennsylvania and New Jersey in 2016. Meanwhile expensive Transco gas propped up prices in Maryland and
Virginia.

Gas pipelines

Locational Marginal

Prices (LMPs)

Cheap
Marcellus Highest prices
gas

Expensive Median prices

Gulf gas

Lowest prices
“ Bloomberg

New Energy Finance



Market design: goals and challenges

&

Clean Reliable Cheap

1.Credible market signals for long-term investments in energy and flexibility
2.0Optimized short-term dispatch and balancing of supply, demand and storage
3.Capacity build and energy provision in the geographical locations where it is needed
4.Proper integration and valuation of distributed resources

5 Markets that encourage innovation and are future-proofed for emerging technologies.

22 Bloomberg
New Energy Finance

Demand response: Belgium,
France, U.K., Ireland, Netherlands

Capacity (MW)

8,000
7,000
CAGR: 15.2%
6,000
5,000

4,000

3,000

2,000

1,000

0
2014 2015 2016 2017

Ancillary - reserve m Ancillary - Frequency u Capacity

Source: National Grid, RTE, Tennet, Elia, Eirgrid, Bloomberg New Energy Finance. Note: includes France, UK., Ireland, Belgium, Netherlands dispatchable DR. Doesn't
include energy frading and imbalance management.

23 Bloomberg
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Opportunities for demand-side
resources in European markets

Country Ancillary services Energy Capacity Distribution

Austria

Belgium

Finland

France
Germany

Ireland

The Netherlands
Norway
Switzerland

UK. (GB)

Market access Restricted access & Pilot No participation or NE SR esEE
granted limited participati activity

Source: Bloomberg New Energy Finance. Note: strategic reserves are included under capacify

24 Bloomberg
New Energy Finance

Market design: goals and challenges

@

Reliable Cheap

1.Credible market signals for long-term investments in energy and flexibility
2.0Optimized short-term dispatch and balancing of supply, demand and storage
3.Capacity build and energy provision in the geographical locations where it is needed
4 Proper integration and valuation of distributed resources

5.Markets that encourage innovation and are future-proofed for emerging
technologies.

25 Bloomberg
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Utilities in liberalized markets are
facing pressure to their core business

Falling power prices

Euros per megawatt-hour

Retail customer switching
Churn rate (%)

& French 2% Metherlands
nuclear :
60 outagss ——Belgium
20%
e 2 TTIEN e
50 baseload
momh Germany
ahead o
40
Italy
——(erman
@ baseload 10% ——Spain
year-ahead
20 —Ireland
5% —Paopulation-
0 weighted
average
0 St : T T 3 = - 0%
20102011 2012 2013 2014 2015 2016 2017 2018 2008 2010 2012 2014 2016
Source: Bloomberg [P Source: Bloomberg New Energy Finance, energy regulators
26 Bloomberg
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European utilities are expanding service
offerings for retention and recruitment

Utility Residential
Connected Home EV solar and/or
home charge point storage

Centrica

Home repair
services

Peer-to-peer
trading

VPP or DR

Green tariff
Not active

EON New boilers and Under
insulation only development
Through -
EDF ERrES Not active
EDP Not active Exploring Not active
Through . - =
EnBW D e Not active Yes 5 Yes
Enel Not active
. Through -
Engie partnerships Not active
. Under
Fortum Not active development
Iberdrola Not active Exploring
Mixed (some
Innogy acfive, some Explaring Exploring
discontinued)
SSE Not active Not active Exploring Not active
Vattenfall Exploring

MNote: For definitions of each offering, see slide 30. Source: Bloomberg New Energy Finance, companies

27 Bloomberg
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Active

Japan’s utilities are starting to

gend

= Partly active
offer more products and services S notacne
All-electric Telecoms Gas Home Family Connected Residential Peer-to-peer Home EV Green tariff
homes bundling bundling repair member home PV storage trading charge
(dual fuel) services monitoring point

CHUBU
\!& ElectricPower

09 600060 O e 0

No

No
No No
No No No
No No No
No No No
No No No
No No No
For definitions of each offering, see slide 27. Hyperlinks provided fo the senvice offering’s extemal website Source: Bloomberg New Energy Finance, companies
28 Bloomberg
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What about the three main goals?

Clean Reliable Cheap

28 Bloomberg
New Energy Finance



Competitive, liquid, transparent
markets!

For:

» Renewable projects (and other generation?)
» Wholesale power trading (locational?)

» Balancing services

» Local flexibility services

» Retail energy supply

» Distributed energy services
» Other services (eg, connected home)

Cheap

30

Paying to guarantee reliability

1. Tender

2. Reserve

Types of capacity mechanisms

r
]
1
[l
[}
1
1
L

3. Targeted
payment

1
Capacity |
mechanisms |
1

4. Central
buyer

5. De-central
obligation

Bloomberg
New Energy Finance

Reliable

6. Market-
wide
payment

Beneficiary receives
public financing for |
construction of plant |

Same as tender, but
plant is only !
activated to produce ;

Set payment to a

subset of capacity,

e.g. particular

The volume of
capacity required is
set and the market ;

Market Dariicipan!s,§
often suppliers, are
given obligation to |

Set payment to all
capacity that can
help meet peak

that will operate in electricity when technology type, or determines the contract sufficient demand.
wholesale market as | absolutely i only tocapacity | capacity priceat || capacity to cover |
any other plant necessary. || providers that meet | through a central || the demand of their |
specific criteria_ bidding process. customers.
g I Lignite ] L] 3 p I I e
| § | reserve L~ NS 3 L
I Strategic S
Source: Bloomberg New Energy Finance reselve st =
31 Bloomberg
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Eliminating greenhouse gas
emissions: U.K.

QENGREITL]  April 21, 2017 QECRELTE]  April 24, 2018

“Friday 215 April was the first “For the first time since
24-hour period since the the 1880s the UK

1880s where Great Britain electricity network has
went withenteoaknied clocked up over 72 hours
ROWETSmOnS. without the need for coal
generation.”

Source: National Grid, Twitter

32 Bloomberg
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Eliminating greenhouse gas
emissions: U.S.

U.S. coal fleet colored by operating margins
350K

N
a
o
~

U.S. power
sector
emissions
down 28%
since 2005

200

2
<
2
3]
@
o
@
o
2
&
o
@
£
1]
b

201 2013 2014 2015 2016 2017
+$400

: -$400 .
Uneconomic " I 5%,  Economic

Source: Bloomberg New Energy Finance. Note: monthly-average long-run operating margins.
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Bloomberg New Energy Finance is a
research firm that helps energy
professionals generate opportunities. With a
team of experts spread across six
continents, BNEF provides independent
analysis and insight, enabling decision-
makers to navigate change in an evolving

Thank you!

BNEF research and analysis is accessible
via web and mobile platforms, as well as on
the Bloomberg Terminal.

Coverage.

Renewable Energy

Power & Utilities

Gas

Carbon Markets & Climate Negotiations
Energy Smart Technologies

Storage

Electric Vehicles Z E
Mobility and Autonomous Driving ® 0
Frontier Power i o
Emerging Technologies m 3
Client enquiries: > 8-
Bloomberg Terminal: press <Help> key twice Get the app ‘-E -
Email- support bnef@bloomberg net [(s (o]

<

Learn more: o

about bnef com | @BloombergNEF n=:

3

0n I0S + Android o]

abut. et comimabils ]

Copyright and disclaimer

The Bloomberg New Energy Finance servicefinformation is derived from selected public sources. Bloomberg Finance L.P. and its affiliates, in
providing the service/information, believe that the information it uses comes from reliable sources, but do not guarantee the accuracy or
completeness of this information, which is subject to change without notice, and nothing in this document shall be construed as such a guarantee.
The statements inthis service/document reflect the current judgment of the authors of the relevant articles or features, and do not necessarily
reflect the opinion of Bloomberg Finance L.P., Bloomberg L.P. or any of their affiliates (‘Bloomberg™). Bloomberg disclaims any liability arising
from use of this document, its contents and/or this service. Mathing herein shall constitute or be construed as an offering of financial instruments
or as investment advice or recommendations by Bloomberg of an investment or other strategy (e g, whether or not to "buy”, “sell’, or *hold" an
investment). The information available through this service is not based on consideration of a subscriber’s individual circumstances and should
not be considered as information sufficient upon which to base an investment decision. You should determine on your own whether you agree
with the content. This service should not be construed as tax or accounting advice or as a service designed to facilitate any subscriber’s
compliance with its tax, accounting or other legal obligations. Employees involved in this service may hold positions in the companies mentioned
in the services/information.

The data included in these materials are for illustrative purposes only. The BLOOMBERG TERMINAL and Bloomberg data products (the
“Services”) and Bloomberg New Energy Finance are owned and distributed by Bloomberg Finance L.P. ('BFLP") except that Bloomberg L.P. and
its subsidiaries ("BLP") distribute these products in Argentina, Bermuda, China, India, Japan and Korea. BLP provides BFLP with global marketing
and operational support. Certain features, functions, products and services are available only to sophisticated investors and only where permitted.
BFLP, BLP and their affiliates do not guarantee the accuracy of prices or other information in the Services. Mothing in the Services shall constitute
or be construed as an offering of financial instruments by BFLP, BLP or their affiliates, or as investment advice or recommendations by BFLP,
BLP or their affiliates of an investment strategy or whether or not to “buy”, “sell” or *hold” an investment Information available via the Services
should not be considered as information sufficient upon which to base an investment decision. BLOOMBERG, BLOOMBERG TERMINAL,
BLOOMBERG PROFESSIONAL, BLOOMBERG MARKETS, BLOOMBERG NEWS, BLOOMBERG ANYWHERE, BLOOMBERG TRADEBOOK,
BLOOMBERG TELEVISION, BLOCMBERG RADIO and BLOOMBERG.COM are frademarks and service marks of BFLP, a Delaware limited
parinership, or its subsidianies. © 2017 Bloomberg. All nights reserved. This document and its contents may not be forwarded or redistributed
without the prior consent of Bloomberg.
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Darin COOK: CEQ, Infinite Energy

>

Liberalizing Japan’s
Electricity Market

Presented by Darin Cook
for Tokyo Power Market Seminar

P ; Google Rating
49 Wk h W
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Benefits of Liberalization

More Innovation
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Liberalization Creates Savings

20.00%

15.00%

10.00%

5.00%

0.00%

-5.00%

-10.00%

-15.00%

; g
llzj_iin/tg Energy

$324 Billion in Savings Across The U.S. in Choice Markets (35.5 Trillion Yen)

18.78%

—.‘ﬁ.

2008 2011 2012 2013 2014 2015 2016 2017
-6.74%
-8.00%
== Customer Choice  =——e=Monopoly
Source: US. Energy Information Admini ion. Excludes Hawail and Alasks but includes Wachi D.C. httpesyfo = felectricitydats phpissl
3

Customer Satisfaction Measured by J.D. Power
and Associates

900 -

800

| 680
700 646

600 -+

500 +

400 -

m Local Electric Company
1 Retail Electric Company - Sample of Partially Liberalized Markets
M Retail Electric Company - TX

816

779
753

778
748754

730 728

687
651
6250 7mmm 20617

Overall Customer 5 atisPantien Ondéty & Re Bttty ent & Renewal Price Billing & Paymeritorporate Citizenshifom munications Customer 5e rvice
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Consumer Preferences

Phrase That Best Describes
Attitude Toward Personal Energy
Consumption

LowBill I 14%
Predictable Bill NN 17%
Supply Security &... I 15%
Environmental... I 12%

Do Not Think About... I 11%

InfiniteEi

Value-Added Services

Lowest possible cost

Reliability of service and power quality
Predictable monthly cost

Excellent customer service
Environmental impact

How and when to pay

Transparency of costs
Communications

Convenience/ low-cost interactions

Retail suppliers can’t compete on price alone, so they use other products to add a

competitive advantage.




Key Innovations

features

InfiniteE

iy

-

Exposure to price
Risk and volatility

Time of use pricing

Billing and payment processes
Distinct technology-related

* Enhanced products and services
Resources to generate power * Future innovations

Liberalization Creates More Green Energy

60,000
50,000
40,000
30,000
20,000

10,000
o

Infinite

Renewable Generation in Thousands of MWh (Non-Hydro)

R NN EN mR NN BN ER OHR NN N
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

B Florida ™ Texas

Sgurce: Elactric Power Monthiy, February 2017, Enersy Information Administration
ttpey e aia mowfalectricity/monthly. Above charts do not

{E18) U3, Department of Energy,

include hydropower seneration.



Fully Liberalized Electricity Market

Overview
Transmission/Distribution
—

Wholesale Fully regulated
market provides tariff rate to
price signals to ensure safety
promote and reliability
investment
’ P
Infinite Energy

The Texas Model

* Transmissionand distribution utility
does not provide retail services

* Instead focuses onits strengths of
delivery and reliability

* Competitors have to distinguish
themselves to be attractive to
customers

* Low costs
* Value-added products

* Creates room for innovation

; vy
l@g Energy

!4 > !
O

* Price Competition
* Service
Competition

* [nnovation

10



Comparison of Current Japan Market
to Texas Fully Liberalized Market

* Texas is the most
successfulexample
of a liberalized
enerﬁy market in
North America

* The evolution of
Japan’s energy
market is poised to
fuel innovation
beyond what we
have now

Infinite

Preliminary Comparison of Japan vs Texas

Market Structure
10.0 200 9.5 9.2
9.0 85 8.7 8688
= 7.9
7.0 6.6
6.0
6.0 53
5.0 5.0 -
4.0 . .
L & 2 @ & =~
{‘;@ _{é‘\o Q" %Qb ‘:Z’P{\ 1\0\?
(?’ A 4\\) (é\ > Q§
S ¥ S © < @
W@ X t'*_ce'.“ & & ©
o &
LN
B Japan Texas
Sousrce: Distributed Enengy Financil Growp LLC —Annusl Bassline Acsesement of Choice in Cansds and the United Stotes | ABACCUS], July 2015
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Robert GROVES: CEO, Smartest Energy

smartestenergy

10 years of Supply Market
Development in the United Kingdom

Robert Groves, CEO SmartestEnergy

SmartestEnergy 10 years of Supply Market Development in the United Kingdom 2

The UK electricity market 2008 vs 2018 - unbundled with a £7b subsidy

60’5,70s,80s 1990 2001 2002 2005 2010 2013 2014 2015 2016 2017 2018

Ndtionalised

industry Pool

Indusstry
Structure

Electricity Market Reform

Central Gen
/ Local Dist Privatisation Vertical integration / cost reduction Break-up of Big 6 / New entrants / Innovation
Boards

Business
Sentiment

c§ Climate Change Levy

83

o]

= E Renewable Obligation £3.8bn

Renewable
Incentives

* Ref; DECC: Controlling the consumer-funded costs of energy policiesi The L nirel Framewerk £0.1bn FiT Contract for Difference

** Ref; QBR: Historical Official Forecast Database.



SmartestEnergy 10 years of Supply Market Development in the United Kingdom

The UK electricity market 2008 vs 2018 — new entrants and increased competition

220+
50 suppliers electricity
suppliers

New entrants New entrants
contribute to contribute to

9% of volume 34% volumes

1,000+ new . 6,800+ new
renewable - renewable
generators generators

Average g A Average
power price A vertically integrated, A fragmented market ol g
Fea8s hydro carbon generation with new entrants in £49.19

and transmission generation and supply
50+ brokers « 100 + brokers
connected market with renewables and
dominated by é vertically distributed generation Bus unit
integrated incumbents. growing significantly. v
Bus switches Bus switches
5%* 25%

SmartestEnergy 10 years of Supply Market Development in the United Kingdom

The UK electricity market 2008 vs 2018 - incumbent share prices collapse

140.00

120.00

100.00

80.00

60.00

40.00

20.00

VY RYYPYPPOOO - - - NN D DT T FWOW O 00NN NO®
O O OO0 O O 0000000000000 00 0O OO0 OO0 OO0 OO O O
L I o o o o o A S O o o O o I o I o o I e O o o I o O o o I o I o O o o A o I |
B e S e e S SO e T e S s T T e e e e e O R S O e S el
o J S N Yo B e Y Y o B T - Nl Vs TS R Vs SRS NS Vo Jc NP Vo N NV, N NRETo)
OO0 000 0000000000000 00000000 OO0 OO0 o0
T e TR T TR TR TR TR TR TR T T T TR TR TR TR T e T T e e e e e e e e e e
O O O O O O O O OO0 O O O O O 0O o O OO oo o oo O o o o o o o o o
—— Centrica SSE —— RWE E.ON —— EDF FISE100 === Average

Ref;Share Price series in GBP, nomalised as of 01/01 /2008 (Share price = 100,00). Closing price of every single day



SmartestEnergy 10 years of Supply Market Development in the United Kingdom

SmartestEnergy - A next generation electricity company

Our £400m+ turnover ‘aggregation-trading-supply’ business model
provides a route to market service for independent generators and large
industrial and commercial consumers

— =)
= sm%gger—gg =

Buys power from 600+ None of our own

generators and supply generation assets —

2,000+ businesses plus not vertically-integrated
200MW Flexibility like most competitors

Ref, MMIS Q4 2017/18

SmartestEnergy 10 years of Supply Market Development in the United Kingdom

Wholesale market
Trading activities -
50 TWh in 2017 across
gas and electricity

Certificate-backed, certlified 100% renewable electricity - as standard

> Every MWh supplied is backed with UK-recognised
origin cerfificates

> Certified by sustainability experts the Carbon Trust

> Compliant with the Greenhouse Gas Protocol Scope
2 Guidance

> Regularly monitored to ensure sufficient certificates
to meet supply

> Accompanied by an Energy Label and product
level fuel mix

(2 i)
CARBON
TRUST

100% RENEWABLE
ELECTRICITY *

:‘ 1

backed by cerfificates of renewable energy guarantees of origin. Emission factors are compliant with the GHG Frotocol Scope 2 Guidance



SmartestEnergy 10 years of Supply Market Development in the United Kingdom

What next - the development of the distribution connected ‘pro-sumer

Decarbonisation, decentralisation, digitisation are leading to the
creation of a smart energy system and ‘pro-sumers’

& i

Old electicity system Supply

New electricity system

S ) A next generation

energy company

smartestenergy




Mark COYLE: Vice President of Corporate Strategy, Energy Services Group

Tokyo Power Market Seminar
14™ June 2018

UK Retail Energy Market Development
Smartis-only the start...

Mark Coyle, Vice President

@ SG EMPOWERING
ENERGY CHOICE Corporate Strategy ESG

UK energy retail market introduction

Market liberalisation completed in
1998 with 70 active Suppliers & 20
white label providers today.

28 million homes & g million
business premises. A total of 53
million electricity & gas meters.

20% residential switching per year,
most on 1 year fixed price with
average 3 year customer retention.

Independent Retailers have grown
from 1% in 2007 to >25% residential
market share, net gain 28%in 2017.

SG EMPOWERING
ENERGY CHOICE



Empowering global customer choice

T @ United %
Kingdom
USA Deregulated o
energy states =

Mexico @

- ~20million global energy customers operating through our software

» >7million UK energy customer supplies live in our SaaS across 48 Suppliers

= 70 Suppliers, meter agents & innovators using our Smart Metering SaaS Australia

SG EMPOWERING 3
ENERGY CHOICE

A six stage energy market transformation

Choice Flexible

Connected Autonomous

SG EMPOWERING a
ENERGY CHOICE



Evolution of competitive market choice

Green - Industrial & Small Business Residential
Niche Commercial Entrepreneurs Entrepreneurs

Green -

Social Municipal Membership Mainstieam

International Technology
Expansion Innovators

SG EMPOWERING 5
ENERGY CHOICE

UK Energy Regulator (Ofgem) — Latest Changes

Ensure all customers benefit from competition

Price Cap extension to Inert customer

Standard Variable Tariffs contact on cost
savings

¥4 400 refund on

frustrated switching Faster Switching &

process Half Hourly
Settlement

Supplier Licensing
Review —finance & Supplier Hub Review
customer care

SG EMPOWERING
ENERGY CHOICE



- Energy Suppliers as technology service companies

oulb

OCtOpUS e ﬂ e (9 y Afferdable. renewable energy

o

S, W
PURE PLANET

SG EMPOWERING 7
ENERGY CHOICE

New types of energy Supplier

First  WFirst
Utility g Utiity

broadband

OneSelect
RobinHood d 000

S (o
A not for profit company &, E-HEEN NETUU'DHK
J energy

SG EMPOWERING
ENERGY CHOICE



Innovation in customer segments & channels

um.m“ TOTO

WAREHOUSE
The Discount Club

SG EMPOWERING
ENERGY CHOICE

Customer choice is evolving

Providers Trust »  Alignment

Service Empowerment

Transition to next day switching
introduces Faster, Smart Tariffs

s G EMPOWERING 10
ENERGY CHOICE



Smart devices & meters transform energy choice

SG EMPOWERING 11
ENERGY CHOICE

The next wave of consumer energy

Innovation

that excites

SG EMPOWERING 12
ENERGY CHOICE



Tokyo Power Market Seminar
14" June 2018

Empowering Customer Choice

mark.coyle @utiligroup.com
https://fenergyservicesgroup.net

https://utiligroup.com/smarter-energy-insights/

@SG EMPOWERING Mark Coyle, Vice President
ENERGY CHOICE Corporate Strategy ESG




Craig GLAZER: Vice President, Federal Government Policy, PJM

4

Overview of PJM: Looking Back
to Look Forward
Tokyo Power Market Summit

Craig Glazer

Vice President, Federal Government
Policy — PJM Interconnection

June, 2018

4

Topics
1. PJM Overview
2. Evolution of PJM Markets

3. Day and Real Time Markets and
Locational Marginal Pricing

=Y

. Capacity Market Overview




= 4

Topics (Continued)

5. Demand Response Programsin PJM

6. Energy Storage Opportunities in PJIM
7. Lessons Learned in Market Development
8

Future Challenges and Opportunities

Topic #1:
PJM Overview




é/ PJM as Part of the Eastern Interconnection

Key Statistics

Member companies 1,040+

Millions of people served 65
Peak load in megawatts 165,492 &
MW of generating capacity 178,563

Miles of transmission lines 84,042
2017 GWh of annual energy 773,522
Generation sources 1,379
Square miles of territory 243,417

13+DC W8 21% of U.S.
GDP produced
A

States served

As of 2/2018

é/ Major Grid Operator Comparison
Elia Group (Belgium)
National Grid (UK)  — 29GW,30m
61GW,62m
KPX (South Korea)
76 GW, 50 m

| SOUPS (Russial
157 GW, 144 m
7O Y SGCC (China) Tioco Wapan)
¢ 544 GW, 1,100 m Pt
Ol ) E
’ e
® 9SG (China)
PGCIL (India) 129 GW, 240 m
135G, 1200'm
ONS (Brazil)
77 GW..139 " Eskom (South Africa) )
® 37 GW,50m AEMO (Australia)
35GW, 19 m
®
REE (Spain) Terna (Italy)
44GW. 46 m - L _57Gw’mm

RTE (France)
100 GW, 100 m

sach momber refers 10 paak load and customers servod | Sewss: 0018

PIME2018




% PJM's Role as a Regional Transmission Organization

Air Traffic
Controllers for the
Transmission Grid

Energy Market
Pricing

Match Generation to Load

PIME2018

Independence and

H/ Governance Process
Market
Independent Board of Managers MORIToT

Members Committee

\\m\\\‘

L}\

_ Competitive Retail UJ.UI'I)' E|ectrlc Wholesale
Generation Owners Transmission Companies & Distributor & Bl e
Owners Trading Companies Retail Business Ciistamans

Independent Board of Managers Hidastrl

Stakeholder process — provide balanced stakeholder input
Established process for discussion of market evolution
ISO funding and startup

PIME2013




Topic #2:
Evolution of PJM
Markets

wWwWw.pjm.com PIME2018

= 4 PJM — Initial Market Design

Initially a ‘simple’ pricing mechanism (single
zone) and trading rules to promote bilateral
trading

¢ Minimized interaction between market incentives
and physical power system operation

* Result was market failure — generators were
incented to act in a manner contrary to system
reliability

* PJM had to initiate emergency procedures to direct
generation reductions

Market design was abandoned and replaced
with flow-based Locational Marginal Pricing
(LMP) systemon April 1, 1998.

wWwWw.pjm.com PIME2018




% PJM - Current

1996 1998-Present Future Outlook
o—e e- >

Introduction, and progressive
evolution, of:

* Real-time locational marginal pricing (LMP) market

* Day-ahead market

* Financial transmission rights (FTR) auctions

* Resource capacity market

* Ancillary services markets

* Coordinated regional transmission expansion planning
* Demand response/distributed resource programs

Topic #3:

Day Ahead and Real
Time Markets and
Locational Marginal
Pricing




ISO/RTO
Wi MARKETS

| B Real-Time

[Grad]
’—E Market

ISO/RTO
OPERATIONS #

\:::\

Member to P'Témber

Ancillary
Services

Heavy RTO Involvement

Evolution of Markets

- FINANCIAL
\ MARKETS

Light

Long Term Week
Up to 4 years ahead | Hours Ahead Ahead
« Bilateral forward contracts/ « Outage
over the counter analysis
+ Transmission reservations e
— ARR allocations forecast
— Annual FTR auctions « Forward
— FTR secondary market reliability
analysis

» Monthly FTR auctions

— Generation capacity market

Overall Market Timeline

Day Ahead  Real Time (operating day)
Hours Ahead | Minutes Ahead

Day-ahead » Near-term reliability

market analysis

Reliability » Real-time market

analysis « Unit dispatch system

Unit ) * Ancillary service

commitment

markets

PIME2018




B/ Marginal Pricing

Almost all modern
electricity markets utilize
the concept of ‘marginal
pricing’:
* Represents the cost of the last 1500
flexible increment of supply.

* Allbuyers pay, and all sellers
are paid, the marginal price,
regardless of their individual 100,000
bids/offers. "

* Typically determined through a mum

periodic auction, with a price
set for each trading period.

PIMB2018

4

Effectuating 5 Minute Settlement—2018 Initiative

— FERC Order 825 — Sub-Hourly Settlements Align settlement and
dispatch intervals by: Settling energy transactions in its real-time
markets at the same time interval it dispatches energy

— Settling operating reserves transactions in its real-time markets at the
same time interval it prices operating reserves

— Settling intertie transactions in the same time interval it schedules
intertie transactions

— Goal: Align prices with resource dispatch instructions and operating
needs, providing appropriate incentives for resource performance

PIMB2018




é/ Locational Marginal Pricing (Nodal Pricing)

» Spot market with flow-based pricing at LMP: A method to
individual transmission buses (nodes), price energy
based on actual power system security purchases and sales
constraints. - Generators get paid at

generation bus LMP

* Implemented via security-constrained B e

economic dispatch (Real-Time) and LMP
security-constrained unit commitment - Transactions pay
(Day-Ahead). differential between

source and sink LMP

LMP Timeline

1998: Used in Real-Time
Energy Market

2000: Implemented Day- [ A B
1

I
= System ransmissio Cost of

‘*l Energy % Congestions} Margina

2012: Shortage Pricing locatif;n_a‘_ Marginal Price I Cost Losses
ricing

Ahead Energy Market

PIME2018

Topic #4:

Capacity Market
Overview




-~ % 2017 Total Wholesale Cost

Energy, $31.06 ~——@ ' u_ Reliability
,  (Capacity), $8.73

2017

Total
Wholesale

Cost
$49.64/MWh

’)— Transmission
Sevices, $858

Other

)— Services, $1.27

4

PJM Capacity Market Purposes

» Ensure reliability and certainty of
supply on a forward basis

* Provide a market signal to attract
needed new investment

* Provide a market signal to retire
uneconomic capacity

* Ensure customer bills reflect the relative
value of excess supply vs. shortage
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PJM Capacity Market Results:
A More Efficient, Cleaner Fleet.

» 36,031 MW of New Cleaner Energy Resources
(Mostly Gas)

+ 12,814 MW of Demand Response and Energy
Efficiency Resources

* 36,523 MW in Retirements (Mostly Coal)

» New entry has driven prices lower —
40% reduction across PJM

Topic #5:
Demand

Response
Programs in PJM




-é/ Demand Response and Energy Efficiency Opportunities

in PJM Wholesale Market

Wholesale Service Demand Response Energy Efficiency

Capacity Yes £ Yes
Energy Yes == S5

1]

=

Day Ahead Scheduling  Yes
Reserves (30 min)

Economic
DR

Synchronized Reserves  Yes
(10 min)

Regulation Vizs =

wWwWw.pjm.com 23 PIME2018

25,000

20,000+

15,000+

10,000

5,000

0

Increasing Demand Resources
in the Capacity Market

Price Responsive Demand

mm Energy Efficiency =
RPM & FRR Demand Response

= Cleared & Committed Demand Response

2005/2006 2007/2008 2009/2010 2011/2012 2013/2014 2015/2016 2017/2018 2019/2020 2021/2022

wWwWw.pjm.com 24 PIME2018




Topic #6:
Emerging
Energy
Storage

Opportunities
in PIM

4

« Energy Storage in Ancillary
Services
— Active participationin
PJM Regulation Market —
* Energy Storage in Capacity Market == =
— Enhanced aggregation opportunities o
« Energy Storage in Energy Market

— No barriers but limited participation
outside of hydro




% Grid-Scale Energy Storage — 250+ MW in Operation

1.3 Mcells

Total Advanced
Storage

Grid Connected — 266 MW
. Behind-the-Meter — 15 MW
#9 Under Construction— 50 MW
¥ Under Study — 630 MW

PIME2018

% PJM Pilot Water Heater

Water Heater REGA Signal Following

——REGA

—Power

PIM REGA Value (k)
o
g
'Water Heater Input Power (kW)

-1.50

power consumption
+/-2.25 kW base point

0:00 1:00

225

Time (h)

Jan.14, 2011 Midnight to 3:00 a.m.

2 T i e "
105-gallon electric water heater demonstrates minimization of cost while
responding to the PJM wholesale price sighal and the PJM frequency regulation

signal.

28 PIME2013



.é/ Energy Storage: The FERC “Participation Model

Behind the Meter - Model does not work well for
behind the meter storage absent:

 Dispatchability
« Interconnection analyses

 Unit specific capacity resource
identification

« Aggregation within a constrained
area

Topic #7:
Lessons
Learned in
Market

Development




-~ % Lessons — Market Establishment

Market establishment is a complex challenge,
with high stakes

Electricity market establishment programs are large,
high-profile, multi-disciplinary undertakings, critical to
the overall market reform agenda.

Scope is a moving target

Often processes are being defined, and systems
specified, while the market design and rules are still
being finalised. This is a frequently unavoidable
reality, that must be carefully managed.

Capability involves more than just systems

Establishing the market involves not just complex IT,
but significant organisational change and process
development

PIMB2018

-~ % Lessons — Market Establishment

Provide a soft landing

Where participants are unfamiliar with market A
constructs, they face substantial commercial risk at
market opening. Constructs such as ‘vesting’ contracts
are essential in managing this

Lack of participant readiness is a frequent
cause of market delay

It is essential to involve participants early in the market
establishment process, and frequently assess their
readiness to ensure they are commercially prepared:

+ Provide extensive training and certification
« Track ongoing readiness

« Conduct Market Simulations and Market Trials
prior to go-live
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Topic #8 (The Final m
Topic!): | g

Future Challenges
and Opportunities

é/ What's Next
1996 1998-Present Future Qutlook
v:_

 Integration of distributed energy resources
* Integration of intermittent resources

» Gas / electric coordination

* Fuel security

* Forward Capacity Market and Capacity
Performance to promote competitive
investment

* Competitive transmission investment
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Price Suppression from
Government Subsidies \

+ Capacity Repricing: Allow
subsidized units to clear but restate
prices at unsubsidized levels

* Minimum Offer Pricing Rule:
Establish a floor price at
generator’s going forward costs
without the subsidy.

PIME2018

% DER, DSOs and Micro-Grids

Distributed Energy Resources
(DER) are driving a need
for better:
* visibility
* measurement and forecasting
» controland market integration
.. ata lower level of the grid.

The Philadelphia Navy Yard is
a 1,200 acre micro-grid site
with mixed industrial and
commercial usage.

PIME2013




% Gas/Electric Coordination and Fuel Security

* Increased usage of gas creates
significant gas/electric
interdependencies

« Far more dynamic gas usage than
system originally designed for.

» Seeing increased gas deliverability
constraints — impacting fuel security
for electric system. iy

LET'S TALK...

Craig Glazer
Vice President-Federal Government Policy
PJM Interconnection
Washington, D.C., USA
1-202-423-4743
craig.glazer@pjm.com

PIME2013




Wolfram VOGEL: Director Public & Regulatory Affairs, European Power Exchange (EPEX SPOT)

) epexspot

European Wholesale Market
Development

Dr Wolfram Vogel, Director Public & Regulatory Affairs
Tokyo Power Market Seminar
14 June 2018

) epexspot

EPEX SPOT

Power for today. Power for tomorrow.



Shareholder structure

ﬁqmprion A.-_’E_J K—)@T‘i%’

@ swissgrid
HGRT

49% l

£>Tennet

P 100%
",/ g;gb:;cﬂs BORSE 0 Eygs:l:::;:e
l 100% rﬁ“ﬂ%
mih, 7 .
7\
62.82%
yeex power

EEX Group

l 51%

) epexspot

100%1

yecc
Part of -
EEX Group

) epexspot

l 100%

) epexspot

Schweiz

6/8/2018 3

Timeline of the market

) eex

»epexspot

) epexspot TSO

Derivatives N DAY-AHEAD
perivatives ~ MARKET

INTRADAY N, Bajancing

MARKET -~

Years/ months/ weeks i One day before delivery Several hours E Real-time
before delivery ! before delivery !
! i
Price variations are | Optimization of Valuation of : Ensuring SYSTEM
HEDGED i GENERATION FLEXIBILITY E SECURITY
H :
DAY-AHEAD AUCTION CONTINUOUS INTRADAY

- Auction at noon, 7 days a week, year-round

- Market areas: Germany/Austria/Luxembourg, France,

Great Britain, the Netherlands, Switzerland and
Belgium

- Clearing activiies: 3 @CC

© 2018 Confidential

- Continuous trading and price formation, 24 hours a day,

7 days a week, year-round

- Market areas: Germany/Luxemburg, France, Great

Britain, the Netherlands, Switzerland, Belgium and Austria

- Clearing activities: ) ecc

6/8/2018 4



»epexspot

A pan-European spot trading offer

Markets and services of the
European Power Exchange EPEX SPOT

B Current EPEX markets

|| Market Expansion

[l Market operation services and 25% shares ’
[ Market operation services

D Market coupling services

* 21 borders

* Area of 1600 TWh consumption
Over 285 Exchange Members

* 535 TWh of traded volume in 2017

© EPEX SPOT - All rights reserved

»epexspot

Who are sellers and buyers on EPEX SPOT?

Trading companies

Municipal and

and banks regional suppliers
" [R———  EWE SW/m ',l,;%

have an essential role in providing
additional liquidity on the wholesale
power market. They do not necessarily
own power assets but are active on
the market and also trade
cross-border. Actors of the

power market

specialize in supplying end consumers.
They do not always own power
producing assets, and thus often buy
energy on the wholesale market.

Some energy

ALPIQ .:.‘. e intensive industries
eDF -on
Keu
buy and sell electricity to adjust Thyssenlugp e
imbalances between the production are also involved in the wholesale
of their power plants and the supply market in order to purchase power at
of their customers. the best price.

Utilities

TR7ZNSNET BW

intervene on the spot markets in
order to compensate their grid losses.
In Germany they are also in charge of
marketing green electricity provided
by the feed-in tariff regulatory
scheme.

© 2018 Confidential 6/8/2018 6



285 Trading Members

Membership structure

Geographical repartition of membership

m Utility / Aggregator ETransmission system mDE mAT
operator e ol

mLocal Supplier/ Consumer wBank and financial service iy “PL
E'::r\:‘lg:rr and clearing ::: athee

wTrading company

Day-Ahead markets: Price evolution

120

e DE/AT/LU

—FR

i Banking
crisis

Integration o

under EEG ;

Renewables

Cold spell all
over Europe

T

T T T

T T

T T T T T

(Q (P * st & (\ ng) & & *Q N ,\'\ ,{l: NV (b ‘\’b «\bl N A
\s"'o°°5 FHA I SE I FF FF o 0 “9%*"0&

Market 2009 2010 2011 2012 2013 2014 2015 2016 2017

DE/AT/LU 38.85 44.49 51.12 42.60 37.78 32.76 31.63 28.98 34.19

(Phelix)

FR 43.01 47.50 48.89 46.94 43.24 34.63 38.48 36.75 4497

CH (Swissix) 47.92 51.02 56.18 ‘ 49.52 44.73 36.79 40.30 37.88 46.00

NL 39.16 ‘ 45.38 52.03 48.00 l 51.95 41.18 40.05 ‘ 32.24 39.31

BE 39.36 46.30 49.37 46.98 47.45 40.79 44.68 36.61 44.58

UK (in£) 4718 4451 49.68 42.02 40.43 40.43 4532



Successfully managing Europe’s most liquid and
demanding short-term markets

EPEX SPOT YEARLY DAY-AHEAD VOLUMES

300

200

100 III
- _=nll

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
mBE mCH mDE/AT mFR mNL mUK mUKHH

EPEX SPOT YEARLY INTRADAY VOLUMES
80

TWh

70

60
50
40
30
20
10
- | . l I [ = =

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AT = BE = CH DE15MINAUCTION = DECONTINUOUS = FR = NL = UK

© EPEX SPOT - All rights reserved

»epexspot

Vision to support the Energy Transition

=h
reltx S
() »pegas CLTX Portal™

—— >powernext (Z] »nodal

Energy Transition Truck Future 7.@

Products %

yeex ) pxe E
B2B Market Place Municipality NN

How for power & gas ||| il Auction 3 A L

innovations senermarket | platform i—ﬁ“in c REGIONAL

shape the p 9.

energy and ):i\}_ @ Y.

commodity x R e &

yepexspot .4, Energy Transition .

market i
of the . [5] Microgrid ﬂ:g' Fradics ) A
future. Losenercy PRtom 4% »epexspot LOCAL
. 1 Local flexibility
% | markets
enera\ 190%

renewable

© EPEX SPOT - All rights reserved



Local flexibility markets initiatives

Congestions becoming more frequent and the energy called for re-dispatching
increasing significantly
Develop, implement and run a new kind of market:

« Congestion-management market between system operators and flexibility
providers

« Enhancing the current design of liquid bidding zones

A concrete complement to the costly and time-consuming grid extension
projects as well as for the reduction of re-dispatching costs

Number of initiatives ongoing in several countries, actively involving EPEX SPOT
enera AL AP

© EPEX SPOT - All rights reserved

"

»epexspot

Valuing microgrids surpluses on the market

LO3 Energy is a US-based startup delivering solutions to tackle new energy

challenges:

« The Brooklyn Microgrid launched in 2016: their proprietary TAGe smart
meter allows blockchain-based P2P transactions (local prosumers and

consumers)
« LO3 is working on microgrid projects worldwide including in Europe

} LO3 Energy and EPEX SPOT signed a MoU in 2017 aiming at connecting

the LO3 microgrids in Europe with the wholesale market

Value surpluses

't W;‘ Automated
) epexspot

TAGe

microgrid /
LEC

at market price

TAGe
TAGe

LO3FNFRGY



Thank you for your attention!

EPEX SPOT Paris EPEX SPOT Amsterdam
5 boulevard Montmartre Atlas Arena Amsterdam — Australia Building
75002 Paris Hoogoorddreef 7
France 1101 BA Amsterdam
Tel +33 1 73 03 96 00 The Netherlands
Tel +31 20 305 4000

EPEX SPOT London EPEX SPOT Leipzig
11 Westferry Circus Augustusplatz 9
Canary Wharf 04109 Leipzig
London E14 4HE Germany

United Kingdom

EPEX SPOT Brussels
EPEX SPOT Bern Boulevard de I'lmpératrice 66
Marktgasse 20 1000 Bruxelles
3011 Bern Belgium
Switzerland

EPEX SPOT Wien
Mayerhofgasse 1/19
1040 Wien

Austria




Takashi MURAKAMI: Chairman & CEO, Japan Electric Power Exchange (JEPX)

JEPX

TOKYO POWER MARKET SEMINAR

~ WHOLESALE MARKET DEVELOPMENT ~
June 14, 2018

— Rt A A BAEIE DS
Japan Electric Power Exchange
BERE NE =
CEO, Chairman Takashi Murakami

[€92018Japan Electric Power Exchange All Rights Reserved

1. JEPX(1)
BIZE (2018/3/31387) summary
& Mo —fEREEA BRESHEEIFR B JEPX)
% iI : 2003%F11H828H
G| o @fié%z 5@%?5 HEF) «-H5548 B 5=08¥0TUE) 7 board members and 4 EX—audiors
B iE I BEEERELVESESEESLEO THEAMEIFT] &L CEE CusE4F318) designated by Law
@i EE © 108258500 (TEEEEGUSEED) net asset of over 10 hilion ven
HiEERtR | UPILITATEZHUVT, PIRERESS (FS  PUUELHE) real-tims monitoring and surveillance
ol E : BEIRILF-F. &5 HANGIGEREZERZICLE55E. miEHR ANRE, EGC
E=wal=ls:io history
10055 | MUARAEERE (| PP) ORETE \OSATTELLES IPP started
2000%F | RO (2RVLLEEE, SZHEN2 000kWLL ) mihiEBsih PPS started. Over 2000kw liberalized
2003%F | MEIFT (JEPX) FEASET JEPX established
2006%F | JEPXTHESIBEE (Uhy S| « SRERSD JEPX operation started
EE (B0OkWLIE) mihssERiL Over S0kw liberalized
20094 | ERETESIDIRSIBG Intraday started
2013F | EHYATLANE HEERTE Electric System Reform
20158 | ENLEHEEREOET OCCTO established
20165 | =EEEHE Full liberalization

9201 8Japan Electric Power Exchange All Rights Reserved



2. JEPX(2)

(GWh)

2012FY  2013FY 2014FY 2015FY  2016FY 2017FY

B 35 =8
7,860 11,320 13,698 16,803 24,724 60,867

T i %
Average price
(¥ /KWh)

Ay FHIBOEEIOFN Timeline of markets
AFLET1000 BT 200 FESSETERE 1700 ZERE FB000
Day ahsad auction Subrmit day ahead Fix day ahead Delivery starts
schedule \J schedule v
4 EEEEOEE

| Rty FosIofaE : | BmmmGInHaY |
L TSTYE-A—Tva ! EwsEosh ; | B85 (75

I Japan Electric Power eXchange

Japan Electric Power Exchangze All Rights Reserved

3. Day ahead volume(1)

(fEkWh 100GWh)

2018458
) e e R s 116{EKWh
80 1-
Monthly volume
60 -
20 |
0 & a ry A A
200514 200774 2009/4 201174 20134 2015;4 2017;4 2018;5
}J}HH etric Power eXcl

Japan Electric Power Exchange All Rights Reserved




4. Day ahead volume(2)

22.9TWh (2016FY) = 58.5TWh (2017FY)
— Gross Bidding, expanding new entrants total

[H—#EEmE0 ml BLD I [2017TEE]

Buy 585{ZkWh
“big 9” ~
-, o — :_/ IT [ - -'_:.\\.\\_‘_’\ |
h"h'—:::-h::::;:: T 5 EVD
[2016F ] . | B |
229/£KkWh ; 349
(20158 ]
T Il . I I
(1] =) F=) (") (58) ®)
sell buy ‘ L i ;

[ﬁ]!l}lghpm Electric Power Exchange All Rights Reserved

5. Day ahead volume(3)

(%)
200 - 20184%5A°
sl 17.6%

i 5820183 LIFE)ERIS S ERAED I D
50 {RES provisional

1o 1 Share of new entrants
120 1 3018528
100 12.5%

day ahead volume / total consumption

20174 20175 20176 20177 20178 20179 20171 201711 201712 20181 20182 20183 20184 20185

e 2y ISR TE R —EN

[ﬁ]!l}lghpm Electric Power Exchange All Rights Reserved



6. Day ahead price(1)

Monthly system price
(¥/KWh)

9000

18.00

16.00

018Japan Electric Power Exchange All Rights Reserved

7. Day ahead price(2)

(R = KLY
(/KWh) */R-T-LJ‘E{REQUIEE{W% L\IG[ﬂﬁE'EEE Aﬁ[ﬁ'(D t&iﬁ (LNG: FHINT)

LNG
1800 A KeMT %000
mixed curve with
oil and demand £0.00

16.00

1200 systemprice | 70.00
monthly

12.00 60.00

10.00 50.00

AT AGEE |
— EEAES (5B o
LNGEA S (5B

6.00

01204 201209 201302 201307 201312 201405 201410 201503 201508 201601 201606 201611 2017JM, 2:1':‘—53 2051802

018Japan Electric Power Exchange All Rights Reserved



8. Day ahead price(3)

(£/KWH)

an

B {fiE(H )R

)0 E{%(2018.1.1~3.31)

(1ZkWh)
/\\ i fm“‘av/\m“ \ ‘&Dall\i\ionsumptlon 100GWh B}
V . m
il v

‘\" \.’f \\vr"\\ 15

15
Daily system price ¥/kWh 1
10
—TfBIE * B —FE:HELEEE ‘
5
5
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9. Intraday

18Japan Electric Power Exchange All Rights Reserved
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10. Renewable impact

Market price, demand, solar, wind
201843 B 5H Mon.(d)

$ P PP P PP P
L T -

& & % W)

(/icWin)

18

—_—F ELBwEE

—F ELEEE-RORBRR BhiiE
RIS : ARSIl (BB
TG ¢ & BERmIG] GEE)

201843 H23 HFri.(38)

k)

Demand W%

’\\/,,/ i
Demand-(Solar+Wind)

Day ahea_d price

l & % § d H H
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11. For further development

8Japan Electric Power Exchange All Rights Reserved

Topics

» B AMERSIHE (2018.5) Non-fossil value market
- fiEA—2332(2018.10) Implicit auction

Missions
- {it& DiEBRE Transparency

- W& AR BIEDER  Monitoring

« REREE Robust operation

*+ = Support new business models and appropriate

resource allocations

[€92018Japan Electric Power Exchange All Rights Reserved



Denis DEPOUX: Senior Partner, Managing Partner of Greater China, Roland Berger

Ready for energy
market risks?

Introduction to risk management
approaches

RERPERY

Ministry of Economy, Trade and Industry

Tokyo, Power Market Seminar METI, June 14th,
2018

Berné‘aeng l ‘

Berné‘aeng l ‘

Introduction — Denis Depoux, and Roland Berger

Denis Depoux
> Head of Global Energy &

> Managing Partner China,
Co-head Asia

> Deputy Chairman of Roland
Berger's Supervisory Board

> Started at EDF (China, France)

> PHB Hagler Bailly (US, France), energy
consultancy

> Roland Berger (Paris, Shanghai) since 2001

> Supported feasibility study, developmentand
launch of Powernext, the French power
exchange (now EPEX Spot)

> Help launch trading activities and units for
Eurcpean and Asian utilities (power, gas, LNG,
carbon, coal)

> Developed risk management tools and policies

for large European utilities

Utilities Competence Center

Roland Berger Energy & Utilities
Competence Center

> 200 consultants worldwide, across
32 officesin the world

> Full value chain coverage,
ranging from local utilities to global leaders,
energy-intensive industrials, new entrants, ...

> Focus on regulation/deregulation, energy
transition, market integration and globalization,
energy efficiency and frugality, new technologies
and digitization

Roland Berger in Japan

> Roland Berger Tokyo: 120
consultants, focus: manufacturing
innovation, & strategic business
restructuring

> Wa-novation: creating value
for clients through innovation,
experience /workshop room
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Within the past decades, major failures and unusual events have
increased the awareness on financial and commodity risks

llustration — Energy and financial risk events

_— — = - d
o 1994 1995 1998 [2005 2010 2011 2017 2018
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Source: Press aricles, Roland Berger anslysic AETI_energy_markess,_seminar_14062018_VF2 pot

Rotsnd |
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Commodity prices have been very volatile, creating risks for market
participants

COPPER [LME Copper 3 Month Roling Forward,

CORN [Spot price, US$/M
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Source: Bloomberg, Euromanitor, Roland Berger analysis AETI_enesgy_markets_seminar_14062018_VF2 pot



Within the commodities world, energy is even more volatile,

E!erné‘ae"F1 | ‘

especially electricity, that cannot be stored (so far)

CRUDE OIL [WTI Spot Price FOB, US$/BARREL]

150
R 5
100 /\ A
P | s \ A
M \ P,
b e ) \ J

NATURAL GAS [Henry Hub Spot Price, US$/MMBTU]

ELECTRICITY [EPEX Phelix Day-Ahea
Auction Price, EUR/MWh]

Source: EIA, Bloomberg, Roland Berger analysis

Volatility only appears in liquid and competitive market — Japan is

E!erné‘ae"F1 | ‘

only at the beginning of this journey — Time to get prepared

Legacyutility [l Competitive supplier

Electricity
[TWh]

Share of Competifive supplier [%]
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Source: Japan Electicity and Gas Market Survellance Commission
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Emerging wholesale market,
driven by retail market
liberalization

> Active retail market with
broad diversity of profiles, yet
modest volume

> Still modest wholesale
market trading volume -
Low liquidity and market
depth

> Wholesale market
dominated by bilateral/lOTC
trading - Japan Power
Exchange (JEPX) still
marginal
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For utilities and retailers, the risk management imperative starts with
the possibility (the obligation?) to trade energy, physical or financial

> Opening of the possibility to
Other market exchange commodity via
players (OTC) bilateral wholesale contracts

> Purchases of fuels « w
(oll/gas/coal ) v S
> Purchase of electnﬁf ‘u
Suppliers / Utilities /
Other utilities Retailers
% R
\‘ ‘,

<

Regulator

Source: Roland Berger analysic

Clients

> Sales of physical commodity
delivery contracts

> Sale of energy services, price
visibility

Organized > Existence of a market place for
markets the commodity, with visible,
volatile market prices

sy marksts seminar 1406

Beret | ‘

In a fully liberalized market, assets and client base are optimized vs.
the market — llliquid market call for gradual optimization

Optimization method according to market liquidity

Hypothetical portfolio with volume n Optimization in
risk a liquid market

H Optimization in
a non liquid market

> Each position is oplimized separately
against the market

Power

generation/ | Contracted
Storage (flexibility)
LIT contract
(flexibility)

Contracted
LT contract

LiFen (frm)

BOUGHT  soLD

Source: Roland Berger Strategy Consultanis

> Portfolio resources and commitments are
optimized globally (under retail supply
constraints)

> Residual flexibilities are optimized against
the market




Berné‘aeng l ‘

Portfolio Management and Trading help structure and manage risks

PM&T function overview

input_ Processesiacives " ouput__ @)

> Asset \ Portfolio Management (PM)
characteristics:_. > Portfolio structuring > Portfolio optimization
— Fuel — Fuel sourcing (type of fuel, confracts, ...) — Fuelcontracts utlization \ > Power
procurement | — Influence on generation fieet (LT vs. sport, fexibiliy,...) | Pplants
contracts \ {repowering level of flexibiliy, ) — Own generation vs. \  dspatoh
- Generation — Orientation of customer portolio ( purchases \  program
plants contracts, management/ interruptions of | > Network
Cistoriar \ loads, ...) | scheduling
ko | | Trading (T) s’
g Elsnkanclal A [ > Flo'!v Trading (power, gas, coal, oil) buyfsel transactions, for external | > Trading
expectations [ parties and for the pf)rtfoio manager ("window to the market") / transactions
> Market > Asset-backed Trading /
arke g .
sanditions . > Proprietary/own account trading
(price, volume, / = e
liquidity) J Risk monitoring & control

Source: Roland Berger Strategy Consultanis AET|_energy_ma

Berné‘aengl ‘
Energy utilities and other commodity-intensive companies are facing
significant risk management challenges

Wholesale markets

= Increased price volatility

+ Difficulty to forecast prices

= New and evolving market places / market indices

= Technical / logistical constraints (transport, storage,...)

Business model

Geographical expansion/acquisitions Scrutiny from financial community
= Multi-commaodity exposure = Financial predictability / performance management
= Sourcing and hedging strategies = Focus on multiple P&L, balance sheet and cash
= Role of "trading” indicators
= Organization, P&L responsibilities and transfer price schemes = Risk governance and control as a must
Customer needs \ /
= Flexibility driven offerings with complex contract structures Commodity Volume uncertainties
= Coexistence of tariffs and competitive offers < = Supplier / customer consumption uncertainties
» Difficulty to impose premiums / penalties risk management (temperature, hydrology, physical failures, )
- Difficulties to pass-through cost increases to customers challenges calling = Contract /load modeling challenges
(competition, regulated prices. political impact...) P for a specific s Lack of volume risk experience in financial sector
framework

Complex exposure

= Price level and volatility Internal challenges
* Volume risk with possible price correlation » Multiple parties involved: Strategy, Finance (Controling,
= Counterparty risk Treasury, Accounting), Operations, R&D

= FX risk linked to commodity prices = Education of Top Management /Directors




Berné‘aengl ‘
Real-life example: proprietary trading losses close to 9 M€ at a small
energy trader due to losses on all commodities

Breakdown of the Proprietary Trading loss by commaodity in a trading year

+ Seyeral raders with a + High clusterrisk: no alignmentoftrade strategies, no cluster risk monitoring

long position (=600 GWh) + No risk / return policy, monitoring efc
based mostly on chartist * Lack of Marketuision: traders not specialized for PT, lack of strategy

8.4 M " analysis coordination etc.
””” e + Power prices decrease = Risk policy not exhaustive: lack of limits cascading
/_( « Lack of safeguards: alerts for large position (overall T&0) etc.
"+ Several traders wilh a long posilion at oil high + Long position of 120,000t
. prices (102$/b}to speculate onthe closureof _— + price drop of 208
Strait of Hormuz, but prices went down
« Mostof positions switched from long to short -
) : ’ » Long position ingas US (10$)and short
‘%‘ZW the following anth,when priceswentup postioningas EU (224)
- o « Spread increase
0.5 Ve Ry
Proprietary Power Crudes Coal Gas Emissions Options
Trading loss
Clusternisk / No position Improper market
Cause All Improper mariet impropermarket | management/no view / no risk Luck?
view | unclearR&R 2

view risk management management

Berné‘aengl ‘
Failing to assess and manage market risks leads to financial loss —
Root causes can be analyzed, and point to risk management policy

Generic issue analysis tree on trading losses

Why can trading/ retailing
activities lose money ?

Risks were too high Risk control was insufficient

I \
\

|
Too large positions ... with too little market view and | Risk management framework [ Risk framework was not enforced
were taken... risk-return preferences was partly inadequate effectively

Highcluster Unclearrole&  Norisk/ return Lack of market Not exhaustive Notat the right No powerfor Lackof
risk respon- policy view level f t feguards
sibilities (relevance and
(no alignment, (no target, no (marketselection, cascadingofnisk (oo highlimits, lack (too weak risk (limitation of irader
specializationof  (positions not monitoring....) market trader indicators, missing  of limits on cerain control, Senior  deals, management
fraders, no managed) experience...) rules, risk reporting topicsetc.) Managementlack alerts etc.)
clusterrisk efc) of involvement etc.)

monitoring...)



B3 | §
Risk management requires a comprehensive framework, with
sophistication level gradually adapted to market realities

Roland Berger energy market risk management framework

BUSINESS OBJECTIVES

RISK CONTROL
4| 1]

a) Riskindicators &dashboards a) Returnirisk preferences
b) Control processes H b) Hedging expectations
> Risk limitsetting INFRASTRUCTURE c) Business model andtransfers
> Commitment/contract approval a) Governance d) Financial predictability
> Deal-entry andvaluation b} Organization e) Non-economic accourting effects
> Risk limit compliance ¢} Processes
> efc. am
PORTFOLIO MANAGEMENT H H RISK IDENTIFICATION
a) Available managementlevers a) Characterization ofthe commadity portfolio
b) Portfolio management method risks
¢} Risk atiributes in client contracts > Riskfactors
> Consequences

b)  Links and trade-offs between risk categories

Source: Roland Berger anslysic MET|_snsrgy_markets_seminar_140620

n BUSINESS OBJECTIVES / Return/risk preferences Roland
Berger l

Risk is not bad! Not being aware of the risk / return equation can
harm profit (P&L) and value (Balance Sheet)

e - e
Motivation and objectives
Possible risk management objectives Zoom on returnfrisk preferences
> Avoid large losses due to market risks _—_—
; : : (e.g EBITDA}
> Ensure consistency with energy return/risk preferences
> Support financial performance management over Optimized
budget, mediumand long-term horizons situation Market |
efficiency '2
> Support operational decisions (hedging, fronter | =
optimization, ...) ENHANCE 3
VALUE @ 5
> Support investment decisions and strategic choices ® Current S 2
situation s_e"a :
> Build a competitive advantage through return/risk &‘?‘a i
strategies o @
o2
> Demonstrate risk management abilities to stakeholders —
> Support financial communication (¢ FRTDAGR)

Source: Roland Berger anslysic MET|_snsrgy_markets_seminar_140620



n BUSINESS OBJECTIVES / Financial predictability

Beret | ‘

Depending on the shareholder structure and market characteristics,
many utilities also consider financial predictability as very important

. ) —— e
Financial predictability
Objectives Implications on financial predictability
> "We need a stable earnings frajectory with maximum Risk adverse company (e.g. municipal utilities, small retailer, )
predictability for the budget year" Financial plan [EUR] -
L _'I_ E‘amin
> "We do not feel comfortable risking more than x% of - i e L I uncertainy
our yearly earnings on this business” =
Time
> "We want to keep our target rating of X" N Ned N+2
> We need to capture the average market price Risk tolerant company (e.g. oil & gas producers, ...
Financial plan [EUR] a )
> "For this type of project, corporate requires a hurdle - i i E:;imw
rate of x%" = H a4
> "This particular hedge is too expensive for the risk Time
reduction it provides” N N+1 N+2

e Reference value

n RISK IDENTIFICATION / Characterization of the commodity portfolio risks

Beret | ‘

Energy market risks can be characterized by underlying risk factors

and expected consequences

Identification P 4
Underlying risk factors Risk categories CONSEQUENCES
Commodiy price/ Market Financial
volatility > Commodity price risk
Exchange/ interest rates o - > PaL
> Volume uncertainties > BIS
Market shocks N
Customer behavior/ induced EXrisk > Cash
consumption
Weather Counterparty
Counterparty/ > Impact of client or wholesale Strategic
competitors behavior b counterparty failures »
Industrial failures
Regulation Rualness Legal
: - > Impact of competitive
T failure. [ b : environment factors
- ‘Human factor Overational Reputation
- > Impact of company internal
Modeling issue factors Security

Internal faciors




n RISK IDENTIFICATION / Characterization of the commodity portfolio risks

IE’;erné‘ae"F1 | ‘

Volume risk is emblematic of energy markets — Generation side

Portfolio management — Case study from a renewable energy generator

Cloudy day

— F’a,,.,,,EEE forecast (W)

= P realiW)

> Renewable production forecast is a new
challenge that players will need to face:

— Network safety problems arise when

Variability of solar power production within aday is dependenton

renewable production is above 30% of
installed capacity

— Renewable producers will be asked to be
more and more involved into TSO system
services and future capacity markets

> In Spain or Denmark, Direct Marketing players
need to give D-1 forecast and have to pay
penalties when experiencing forecast errors

> Renewable energy forecast need specific
competencies because of its high variability
and uncertainty characteristics

Required specific competences

> Nebulosity
> Sunshine

> Spatial configuration of solar panels

Source: Roland Berger analysic

n PORTFOLIO MANAGEMENT

> Meteorology
> Advanced stafistics

IE’;erné‘ae"F1 | ‘

Portfolio management helps balance and transfer risk to the market

through multiple levers — Price hedging only one of them

Transactions and mitigation levers
External risk transfer possibilities Sample risk management levers
Wholesale Retail
Other market INTHE > Long-term contract with > Marketing strategy
players LONG producers (customersegments,
jIERM > Production investment pmdu;ts. )
> Financial participation with > Lobbying sirategy
oft-take contract
INTHE > Portfolioflexibilities > Products/ offer pricing
#‘EE%I‘UM %ﬁ%ﬁﬂg’ ot))ntract > Plant availability
Suppliers S Utility / Retailer B Clients > Organized market > Accurate forecasting
instruments (forward,
aptions, virtual capacity,
financial hedges. ..}
> OTC marketcontracts
(forward, swaps, structured
contracts...)
Regulator Organized & OTC INTHE > Porffolioflexibilities > Customer load
markets SHORT (storage, sourcing contract management
TERM options..) flexibility
(interruptibility, load
> Spot buy/ sell shaving, )

Source: Roland Berger analysic



n PORTFOLIO MANAGEMENT Rolsnd
Berger l

Price position management can rely on four (typical) hedging
strategies

n Back-to-back hedging "Anticipative" hedging E
Sold at ’—‘
Simultaneous sales and Aprice e vind e 07
., hedging of the client profile Hlent bassaon farwara . —
. : - price for dient specific | First.|  Market Client Somcedgtl
| Markst |1—{ Client }—i—| Client | profile =|||  Average costof
Sourced at anticipated purchases
. i T A P Forward price for delivery HEn Client Client okl
2 - = iy period at same time ofthe e e T
017 - 2017 g salﬁ for client specific on pre-purchases
profile
Hedging strategies - -
n “Late" hedging For variable prices based on x.y.z. n
formulas only, hedge "along the
Sod at formula”
A price which was fixed Sold at
before the sale to the N
| Client }—»{ Client | client, based on markst | Client }—»{ Client | ga‘l_as price f“d”ge_
prices atthe day ofthe €llvery period, Deing
quoting 2017 equal to the average
A Sourced at forward price forthis
' L P ourceds . Ao perind during the month
Market |« Client 2 T T Market |« Client I—_ before, plus margin
and spot productsto. A 11308 day Sourcedat
T :-na:‘g\ aggregated clent during the monkh V"hﬁ?t Average forward price
= LS before defvery prace: during the month before
M7 > : (like the sales formula)
ETI_: ; A L VF |
[BJ rorTFoLIO MANAGEMENT Rotand
Berger |

Hedging, even if feasible, is not always desirable ... Depending on
risk appetite and limitations

WHY TO HEDGE? WHY NOT TO HEDGE?

|
+ Respect the risk profile expected from investars

+ Ensure a competitive advantage / avoid a disadvantage

SEESDONS = Suppart the market guidance = Benefit from upsides
+ Ensure Management serenity « Avoid inefficient or costly hedges
+ Avoid cost of financial distress + Avoid to hedge unknown / uncertain volumes
= Enable investments in low cycle periods
« Avoid inefficient or costly hedges -
+ Avoid to hedge unknown / uncertain volumes
DOUBTEUL « Generate profits from hedges
REASONS

« Capture "market risk premiums"

« Make upfor a weak operational performance



n PORTFOLIO MANAGEMENT

BerR(j“g'F I ).

Specific energy procurement and portfolio management strategies
apply to B2C and Industrial & Commercial segments

Procurement of power and gas

DESCRIPTION

B2C customers

B2B customers

> Households and very small businesses with SLP"
within own and external grid territory

> Small customers with RLP? in the own grid territory,
which are neither price-sensitive nor fickle

> All RLP customers within external grids as well as larger
price-sensitive RLP customers in the own grid

> Massively multi-site small customers, aggregated (e.g..
chains of stores)

GHARAGTE-
RISTICS

1) Synthesc load profie

> (Yet) high inertia of customer base

> Volume requirements can be derived from SLP for a
certain ime period

= Number of customers depends on own price policy in

> Individual contracts with industrial and commercial
customers — high range of volumes

> Industry and company-specific volume requirements and
load profiles

comparison to competitors

> High volume risks and low margins

W

Steady long-term development of the portfolio for the

following years

2) Recorded load profie

Source: Roland Berger analysic

n PORTFOLIO MANAGEMENT

-

General immediate procurement of the volumes after

closing (back-to-back) to secure margins at minimal

risk

BerR(j“g'F I ).

In contrast to the B2C segment, B2B offerings may contain multiple
flexibility attributes with impact on the company's risk exposure

Typical flexibility/ constraint attributes in energy contracts for industrial customers W

Price flexibilities

Volume flexibilities

Term flexibilities

Before > Fixed price, with or without fixed > Full supply > Flash offers over a defined period
contract component > Partial supply (especially blocks) > Extension of price validity duration
signature > Total or partial indexation of > Long-term commitment (5 years or
contractual price, cap & floor more)
> Different price structures by
predefined periods
> Capture of average market price on a
pre-defined period of ime
During > Total or partial indexation of delivery > Take or pay confracts > Contract extension option at supplier's
contract price, cap & floor > Volume increase or decrease, with or hand (against lower price for the
delivery — Electricity, gas, oil, coal without penalties prompt period)
period — Other commodities or indices > Interruptibility option at supplier's > Contract extension option at hand of

> Stop-loss option - Maoney given to
customer if market price goes down

Source: Roland Berger analysic

hand (peak shaving of customer or
aggregated supplier's load curve)
> Consumption forecast to reduce
balancing penalties
> For a mult site offer: Addition or
withdrawal of sites

the customer
> Early termination option at hand of
supplier or customer



n RISK GONTROL / Risk indicators & dashboards Rotand |
Berger l

The definition of relevant risk indicators does not require pure
mathematics but even more common sense and creativity

P
Definition of risk indicators
Bl osuecTives
> Qperational decision support
> Risk control
> Financial performance management
> Financial communication
B oeviation Tyvee B risk score
> Mark to market/ mark to model value \A r'g > Price and/or volume
> Small deviation (sensitivity) Relevant market > Single or multiple commodities
> Statistical deviation (E@R, V@R, risks indicators
PaLx%...)
> Stress tests and scenarios
B} FianciaL imPacT / \ B rorrroLio scope
> P&L (gross margin, EBITDA, Net Resul) > Contracted vs. non-contracted posiions
> Balance sheet > Statistical modeling
> Cash > Timeline
Source: Roland Berger anslysis METI_snergy_markets_seminar_{4062018_VF2 ot
H INFRASTRUCTURE Rolsnd |
Berger l

The proper implementation of risk management involves several
mutually reinforcing dimensions

Overview ®

[l Governance & organization

I3 Risk policy = %% Skills
e 0 o
IT tool
Bl 7 tools ﬂ Processes &
procedures

Risk reportin ' ; = __,
O P i—:l*:‘.;:»—c»r FE=

Source: Roland Berger andlysis METI_snergy_markess_seminar_14062018 VP2 porx | 24



H INFRASTRUCTURE: Governance Beng"E"Fjl )’
Risk governance principles come from financial best practices " and
are fully applicable to Utilities

n Separation between exposure
management and risk control

Rationale: Avoid major losses
due to possible human flaw

E Implication of Senior Management

B Promotion of enforceability of risk
management through the company Rationale: Place risk management close fo

shareholders risk/ refurn aspirations and

Rationale: fnvofve all entities within avoid making risk control become an experts
the company (Finance, BU reserved domain

management, operational staff) to
create awareness

H H Mark to market valuation of transactions
and use of official market price references
for risk measurement and investment

Usage of properrisk decisions

indicators to ensure objective,

exhaustive, consistentand Rationale: Account reliably for structural
reliable measurement decisions (budgeting and investment)

Rationale: Capture all the risks to
estimate properly decisions and cantrol

1) Twenty recommendations of the "Group of Thirty” in 1993

H INFRASTRUGTURE: Governance rona | B
Bergerl ’

The market risks control framework rely on a steering control entity
at corporate level, relayed by entities at operational level

Typical risk control organization

Shareholders |

« Amarket risks control entity should be set up at [
corporate level fo steer the implementation of the | Board of Directors
market risks management organization and to look T
after the correct application of the defined CEO Corporate risk
governance principles CESEHAt

It can either be independent, in charge of market CFO CRO
risks control or attached to the internal control entity

I

= Additional local risk control entities can be created
at operational level if needed (e.g. . in case of a
specific activity) Busine
unit risk

L

Meanwhile, because of possible conflict of interests,
the independence between control and operational

activities should always been abided by Ut Committee
Direct reporting

. Functional reporting




H INFRASTRUCTURE: Governance

The root of all evil: bonuses!

Bonus pool policy for energy traders

Share of bonus pool in gross margin - Benchmark of energy traders

30%

Player 1

Player 2 15%
Player3 [ %

Playerda | |6%

Pavers [ 5%

Player 6 5%

Paver7 [ 4%

Player8 0%

H INFRASTRUCTURE: Policy

Bechj“ee"F | ”

Key findings

Most companies have metric- based
bonuses, but with a discretionary
component

Most companies compensations are
based on a combination of company
and individual performance

Some companies identify individual
behavior as a factor in bonus
calculation

Most companies allocate between
0.56% and 15% of GM as bonus pool

Bechj“ee"F | ”

The energy risk policy sets the framework for market risks
management and is shared between organization, management and

shareholders

Key principles for a market risk policy

Table of contents of the client market risk policy

= Arisk policy is:
— not abuy / sell strategy document
— a normative document that:

- helps integration of risk managementinto the
operations by giving them a qualitative and
quantitative framework

- defines the control framework

= Other guidelines documents can be found in the
company, such as:
— Hedging policy / strategies description
— Pricing policy
— Offerings / products policy

* The nisk policy is a documentthat must not be
reserved to a specific group (e.g. shareholders or
Front Offices. ) but mustbe shared and
acknowledged at all levels of the company

1. Risk management objectives, scope & stakes

- Financial and cor

risk goals

Commodiies addressed (Gas, electiciy, fuel, et.)

— Time horizons

Business Unis / subsidiaries concerned

2. Risk identification

— Characierizaion of the portiolio risks
— Quaiiicaion of these risks

3. Risk governance

— Governance principles (segreg

- Organizason

of dues, risk iees.. )

4. Risk management principles

— General management principles

—  Discrefionary risks vs. minimum  exposure (risk profie)
5. Risk measurement & control

—  Indicators & reporing

— Conirol processes: fimis exoeeding, ek...
\ppendixes: Risk imis, T
Teporing, conirol procedures. .

& products, risk commitee composion, risk



BerR(j“E"F l )’

Ten questions to challenge your position

1. What risks are we exposed to?
Today and in the future?

2. Which are the ones that can be
managed? with which levers?

3. Which are the ones that we
should hedge? why?

4. Do we have clarity on P&L
responsibilities and transfers?

5. What is our desired level of
financial predictibility?

Roland -
Berger [

Contact:

6. Do we have a proper risk
governance / organization in place?

7. Do we have the proper skills and
resources tomanage and control
our risks?

8. Do we measure and consolidate
our risks? with relevant indicators
and limits?

9. Do we have proper risk policies
throughout the company?

10. Are our executives on hoard?

Denis Depoux, Head of Global Energy Competence Center

L :7.' o UELOUA A halflQoe!

n /+ 86 137 86 99 32 72 (Asia)

Satoshi Nagashfma Menegﬁng Partner, Japan

1 /+81(3) 358 76683 (Japan)

Juhen Bzowskﬁ Energy Risk Management Expert

n/+33 672513285 (Europe)



Julie ARNOLD: Head of Power Trading, Asia Pacific, RWE Supply & Trading

Market Risk Management

Energy Price Exposure

Powering. Reliable. Future.

RWE

AGENDA

= Introduction
= Energy Price Exposure

= Wholesale power markets as a risk
management tool — Physical or Financial ?

= Wholesale power market requirements

= Basis risk — spot market design and negative
pricing

= Conclusions

RWE RVVE SupohTrading 28002018 PAGE 2



Introduction to RWE Supply and Trading

- RWE - one of the largest energy
utilities in Europe.

Large portfolio of generation and retail
businesses across Germany, UK and the Netherlands

- RWE Supply and Trading - the trading subsidiary of RWE

RWEST risk manages the energy price exposure for RWE, established in 1999
during the period of deregulation in Europe

- RWEST is involved in the proprietary trading of energy and related markets
globally {including power, gas, coal, oil, freight, CO2, iron ore and metals)

RWE RVVE SupohTrading 28002018

RWEST - Global presence and a broad
diversified commodity exposure

Global footprint RWE trading volumes {2016)

PAGE 3
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Introduction — Julie Arnold

Currently Head of Power Trading, Asia Pacific
Involved in energy trading since 1997

Markets traded

UK Power, UK Gas

Coal: global indices including API2, APl4, Gcoal News, US
indices Nymex and CSX

Specialising in financial products such as swaps, futures and
options

Australian power, NZ power, Singapore power

Hedging and trading activities for Japanese companies in all of
the financial energy products plus physical coal and LNG

Experience in both retail and generation companies

RWE RUVE Supply&Tradng  2R.00.2018

Examples of Energy Price Exposure (Risk)

- Coal miner whose mining costs are known but sale price of coal is

unknown

Power retail company whose sale price is known but purchase price is
unknown

- (3as fired generator whose LNG purchase price is linked to oil and sale

price (JEPX or retail) is unknown

- End user whose power purchase price is unknown but the sale price of

their products is known (eg car, aerospace or electronics manufacturers)

PAGE S

- All of the above price risks can be mitigated (hedged) /”’Sf&;j{%}}}étﬁx\

using the wholesale energy markets dislike such ;

S
~__ exposure

RWE RUVE Supply&Trading  2E.00.2018

PAGE G



Physical or Financial - BOTH !

Physical

> involves cash out risks
> Licensing conditions
> Generation and retail companies

> Frequently a one sided market —
creates significant risk

= Usually traded using a bilateral,

non-standard contract — can take
longer to negotiate

RWE

Financial

Contractual terms (ISDA) are
less familiar for Japanese
companies

ISDA s a global standard
contract

Hedge accounting implications —
a surmountable issue

International trading companies
and banks

prci o =Ry

Always prices on both sides —
ideal risk managementtool

RVVE Supph&Trading PAGE T

Physical and Financial Market — Double Your Liquidity

Trayport Joule

JOULE ¥ View waw

Japan Power

RWE

RWE Supply&Trading B0 21E PAGE &



Wholesale Power Market Requirements

=  METI mustact on abolishingthe FCAS — 20207

— End users are not bestplacedto take price risk. Professions! energy companies must take on this
responsibility

= Areliable transparentindex— JEPX 7

—  Make public the methodology and do not change it

= Standard contractualterms (eg. 1SDA, SCoTA NBP, GTMA)
—  Who will take the lead on this 7 METI, JEPX, Market Group 7

= Eliminate basisrisk—spot market designedto incorporate negative pricing
- Futureproof your market design, crucial in the world of increazing renewable generation

= Liguidity Providers
— IfJapanese companies do not have the sppetite to create liquidily - make JEFPX access easily
available to internations! companies
= zeneration data MUST be publishedto allin a timely mannerto avoid insidertrading and
improve liquidity

— Europe, USA, Australiz have thiz dats (plus much more !} made freely available to sll. OCCTO
should work on providing thiz for the Japanese market

RWE RVVE SupohTrading 28002013 PAZE 9

E i gnmieny

Germany set to pay customers for
electricity usage as renewable energy
generation creates huge power surplus

Qutput from wind turbines forecast to hit record on Sunday

Jeapet SUars  Fiiday 2 . L w19 L H osmmenls

00 - e

egative spo

prices hits the
news in

Europe

RWE RWE Supply&Trading B0 21E PAGE 10



Germany - Wind and PV Generation vs. EEX Spot Price - Dec 2013

&s000 | —CEEX Actual Wind Generaton ESmEEX Actual Sclar Generation JE—— T 120
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» Peaks and troughs in prices correspond with high or low
renewable feed-in changing from day-to-day.
RWE RVVE SumlhiETrading PAZE 11

German Day Ahead (DA) vs. Intraday (ID) Min and Max in Dec 2013

Eorl
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» Intraday hourly prices move even more extreme than day-ahead prices
» Intraday 15-min prices are even more volatile

RWE RUVE Supply&Trading PAGE 12



Conclusions

= Following power market deregulation a wholesale market place for power is crucial
for companies to risk manage their power price exposures

= Physical and Financial power markets can work in harmony alongside each other,
increasing liquidity to benefit all companies

= Involving trading companies and banks in your market is a valuable risk
management tool

= (Good market design is essential to attract liquidity providers
= Do not ignore mistakes and lessons of developed markets
= Japan could have the biggest and best power market in the world serving

industry and households with security of supply combined with competitive
prices

RWE RVVE SupohTrading 28002018 PACE 13

Thank you very much for
your attention
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Disclaimer

The information herein is made available solehy forinformational purposes. Nothing in this presentation, either express or
implied, =shall, or shall be construed to, create any legally binding obligation or is to be construed as investment advice, a
solicitation oran offerto buy or =ell any securities or related physical or financial commodities or to otherwize make any
investment.

Allinformation is believed to be reliable but is not guaranteed as being accurate, current, complete or error free. Neither RVWE
Supply & Trading GmbH nor the RWE Group may be held liable forany direct, indirect, consequential or other losses or
damages arizing cut of orin connection with the use of information or quotations. Any liability in cases of wilful misconduct or
gross negligent acting remains unaffected. This presentation may contain forward-looking statements regarding the future
development ofthe RWE Group and itz companies as wellas economic and peolitical developments. These statements are
assezzments that RWE has made based on information available to the company at the time thiz document was prepared. In
the event that the underlying assumptions do not materialise or additional risks arise, actual performance can deviate from the
performance expected at present. Therefore, RWE cannot, and does not intend to, assume any responsibility forthe accuracy
ofthese statements.

The information herein is subject to copyright laws and may not be reproduced, distributed or otherwise commercialty
exploited in any manner withoutthe permission of RWE Supply & Trading GmbH.

RWE

RWE Supply&Trading RS P
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George DRANGANOUDIS: Managing Director, Head of Energy & Commodities TP ICAP APAC

Japan Power Market Seminar

George Dranganoudis
Managing Director, Head of Energy & Commodities TP ICAP APAC
14 June 2018

Biography

Career

George has been with the TP ICAP Group since 1993, where he
started his career in Interest Rate Swaps for Harlow Butler
Australia.

In 2000, George moved into the expanding ICAP Energy
division, and held senior roles including Desk Manager of Coal
Derivatives, ICAP London; Associate Director of Qil Derivatives,
ICAP Singapore and Senior Electricity broker, ICAP Australia.

In February 2013, George was appointed as Managing Director
of ICAP Energy Asia Pacific based in Singapore, responsible for
expanding ICAP's energy & commodity platform across the
region. In 2015, his role was expanded beyond Energy to
include the Foreign Exchange and Money Markets divisions of
ICAP Singapore.

Following the acquisition of ICAP by Tullett Prebon in 2016,
George was appointed as Head of Energy & Commodities, TP
ICAP APAC, where he leverages his 25 years industry experience
to manage evolving, dynamic, market leading business.

Personal life

Born in Sydney, Australia in 1976, George is married and has 2
daughters. He presently lives in Singapore.
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An introduction to
TP ICAP

@ TP ICAP Presentation it

TP ICAP - what we do

TP ICAP is a global brokerage and information firm that plays a pivotal
role at the heart of the world’s wholesale financial, energy &
commodities markets:

* Our brokers match buyers and sellers of financial, energy and
commodities products and facilitate price discovery

* We provide independent data to market participants, including live and
historical pricing, and advanced valuation and risk analytics

* We facilitate the flow of capital and commodities around
the world, enhancing investment and contributing
to economic growth

« We are a trusted partner of our clients, enabling Our role is to create
them to transact with confidence liquidity and price

discovery in financial,
energy and commodities
markets and provide insight
and context to our clients.

@ TPICAP Presentation 4



TP ICAP is one of the largest liquidity
venues in the world

Liquidity venue

Transactional revenues (US$)

+ A portfolio of some of the most respected
brands within the interdealer broking sector

ICE 4,600 L
 Independent liquidity pools allow each brand
CME 3,600 to offer separate and distinct products
Deutsche Bourse 2,903 Our brands
LSE 2,621 y
% TPICAP group
Nasdaq 2428 ‘
TP ICAP 2,356 | |
(O tullettprebon  DICAP =
CBOE 2,229
O tullettprebon  DICAP =M
BGC 1711
- MIREXA CAPITAL
Tradition 846 {jb Burton-Taylor
E D INTERNATIONAL CONSULTING
MarketAxess 397 =X

?®

TPICAP Presentation
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TP ICAP in numbers

Nearly

3000

clients

£240m

underlying

operating profit*

oer 30

technology solutions

* Proforma TP ICAP 2016.

?

o 110

financial products

—

—

In 3 1 countries

Nearly

Jjoint ventures

Market leader

across
the board

5,300

employees globally

£1,687m

in revenue*

e

T

Over 5 0 awards

in the last 5 years

5

market leading
broking brands

#1

SEF operator

Over

150....

corporate history

TPICAP Presentation
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Our global footprint

* We are the world’s largest interdealer broker
* We have offices in 31 countries

* Our businesses have over 73 offices globally and we operate in financial
and energy and commodity markets across the world

73 locations

3 1 countries L ¢ ‘
l‘@ TPICAP Presentation

Japan Footprint

€Z7—: THE TOKYO TANSHI CO., LTD.

Tullett Prebon (Japan) Limited® Totan ICAP Co., Ltd.

The leading inter-dealer broker mm” Iw
ot =1 aT of financial derivative products

ICAP Totan Securities Co., Ltd. Central Totan Securities Co., Ltd.
Market leading professional in ﬁ I c AP Broker specializing in comuL
the realm of equity derivative government bond transactions SICURITIRS
products.

J@ *Tullett Prebon (Japan) Limited is not affiliated with The Tokyo Tanshi Ce., LTD TPICAP Presentation

<€



An award winning company

Risk Winner EnergyRiSK | winner AsiaRisk Winner

Interdealer Broker Overall 1 ’ Commodity Best overall ’ Interdealer gr\(l)ekrg!l

Rankings 2017 Broker Rankings 2017 | broker Rankings 2017

. Inside Market DalalAwards
20112017

Best Daa Frovider
(Broker|

GlobalCapital

. Americas
Derivatives Awards

TPICAP Presentation 9

TP ICAP operates across four global
business lines

Global broking

« Hybrid voice business operating across all major asset classes

+ 5 product lines: Rates, FX and Money Markets, Emerging Markets,

» Hybrid platforms with rich functionality and variety of execution meth
+ Post trade risk mitigation services business

Energy & commodities
Operates markets in oil, gas, power, renewables, ferrous metals,
freight, soft commodities and coal
Largest Energy and Commodities franchise and number one oil bro
Diverse customer base
Highly regarded publications

Data & analytics

The leading OTC data business by a significant margin

Reputation for quality assurance

Breadth and depth of pricing data and suite of sophisticated analytics
Attractive future growth potential

TP ICAP
Business Lines

Institutional services

* A new revenue stream for TP ICAP

+ High-touch, alpha generating cross asset broking service

« Client base of institutional asset managers and hedge funds

» Building a “one stop shop” service, important for many macro funds

TPICAP Presentation 10




Energy &

Commodities

@ TP ICAP Presentation 11

Energy & commodities

Oil

Power Renewables Ferrous metals

Base metals Precious metals

Soft commodities
— . B

* Includes leading, competing brands such as PVM, Tullett Prebon, ICAP and MOAB

* Broad range of energy and commodity products across all actively traded commodity
markets globally

= Natural hedge across our portfolio — 87% of revenue is from non-banking clients
« Significant geographic reach with 19 offices in 11 countries
* Pro-forma revenues have more than tripled since 2014

@ TPICAP Presentation 12



Locations and product offerings

= US Natural Gas*

= LS Power - Western
Interconnect

» Gasoline

« Middle Distillates

= Qil options

» Ethanol

« US Power — Eastern
Interconnect

= Crude "

= Cross Commodity Optiens

= Emissions

= NGL's

= Fuel Qil

= Soft Commodities *

= Precious Metals

= LS Power - North East

= NGL

= Coal

= LIS Power - Texas

= US Natural Gas Options

= Renewahles

= Alternate Fuels

= LS Power — MidC/PJM

Disclaimer:

This communication has been prepared for information purposes only. It does not constitutea recommendation or solicitation to buy,
sell, subscribe for or underwrite any financial instrument Itsinformation is confidential and may not be passed on or reproducedin

Mew York *
ew Jersey *
Morth Carolina

= Crude

= Gasoil

= Fuel Qil
» Maphtha
= Jet Fuel
» European Power *

» LPG

= Precious Metals *

= Emissions ¥

» Coal

= Gasoline

= Matural Gas*

» UK Power*

» Singapore Distillates
= Base Metals

+ Commodity Options
» Cross Comm odity

Options *

- Oil aptiens

= LNG ¥
= Soft Commadities
= Ferrous Metals

= Middle Distillates
* Biofuels

« Weight Freight

+ Dry Freight

= Iron Qre

"

= Fuel Qil

+ Naphtha

- LPG

= Crude

= Gasoline

* Gasoil

« Singapore Distillates
= Precious Metals
= Coal™

= LNG

= Iron Ore

» Dry Freight

= Australian Gas

= Australian Power

Brishane

bourn Sydne
Wellington
A |

TP ICAP Presentation

whole or partunder any ciraimstanceswithout the prior written consent of TP ICAP plc. The information contained in this
communication is obtained from sources believed to be reliable and in good faith. No representation orwarmanty is made thatitis
acaurate or complete. Opinions and views expressed are subject to changewithout notice, as are prices and availability, whichare
indicative only. There is no obligation to notify recipients of any changes to this data or to do so in the future. No responsibility is

accepted for theuse of or reliance on the information provided. No liability is accepted for any loss, dlaim or damage suffered or any

third party resulting directly or indirectly from any use of or reliance on the information provided without limitation.

TP ICAP plc. Registered Office: Tower 42 Level 37, 25 Old Broad Street, London EC2N 1HQ. Registered in England No. 05807599.

TP ICAP Presentation
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Richard EVERETT: Head of Product and Markets, Trayport

O Trayport

A TMX COMPANY

Tokyo Power Market Seminar 2018

S "

14 June 2018
Richard Everett
Head of Product and Markets

TRAYPORT OVERVIEW OTTOYpOl'f

A THX COMPANY

Our company

s Foundedin 1993 + 292 direct trader entities in 38 different countries, entities includes:
+ HQ.in London, with offices in Singapore and New York + Utilities, Banks, Trading Houses, Resource Companies and Funds
* 200+ staff « 12 exchanges, 23 wholesale brokers, and 4 CCPs

« Wholly owned subsidiary of TMX Group * 4,000 +traders

« Network covers multiple asset classes: We connect all these traders, brokers and exchanges to form the primary
o Power network and data platfarm for European wholesale energy markets.
o Gas
o Coal Trayport® solutions are used for:
o Freight
olranOre ¢ Price discovery
olPG * Execution
o Emissions + Post-trade transparency
* Post-trade STP
+ Qur technology underpins over 80% of zll Power, Natural Gas and Coal
derivatives trading in Europe.




EUROPEAN ENERGY COMPOSITION: BROKER / CLEARED / EXCHANGE O Trayport

A THX COMPANY

= Forward/future electricity markets offer market participants hedging opportunities against spot price uncertainties, in order to improve
stability of their cash flows.

The majority of forward/future contracts are traded through brokers, while the rest are traded across multi-country platforms.

European Energy Markets Composition: Broker Bilateral, Broker
Cleared and Exchange Execution

Information as at: 30 April 2018
Estimates based on Trayport analysis and market research
April 2018

Apr-18: 126 milon mt
Apr18: 1 208 TWh
Ape-18: 846 TWh

Euro Gas

Ape18: 2372 TW

UK Power
Ape188: 75 TR

M &roker Bilateral [l Broker Cleared [l Exchange Executed

EUROPEAN ENERGY COMPOSITION OTrOYpor’r

A THX COMPANY

European Energy Markets Composition: Total Euro Commodity Market
Volumes

Information as at: 30 April 2018
Estimates based on Trayport analysis and market research

(Monthly Contract Equivalents® 000’s)

28,562 30,197
2%, 3 2%

YTD2017 YTD2018

May-16
Jun16
ul16
Aug-16
Sep16
Oct-16
Nov-16
Dec16
Jan1?
Feb17

UK Power [l Coal Il Emissions [ Euro Power Il Eurc Gas M UK Gas



EUROPEAN EXPERIENCE QTrayporf

4 THX COMPANY

Liberalised
Developing
Reforming

Closed

The majority of EU countries have
liberalised electricity and gas markets.

& In CEE and Russia electricity is becominga
competitivemarket with regulationin place

Some Eastern EU countries (Balkans) have
@ lessliberalisedmarkets andthe are still
workingon the legal framework

FORWARD AND FUTURES MARKET EVOLUTION o TFC'YPO" .
ey
The DEREGULATION of power and gas has supported the creation of the u.s."
wholesale market. BROKER

CLEARED

+  The creation of multilateral BILATERAL trading aided by BROKERS, who
help to create trading opportunities between counterparties. These 3

trades startto be reported more widely, thus creating the beginnings of BROKERS

a transparent market.

= With price disclosure comes price discovery which in turn attracts more
players to the market, often at this stage smaller physical traders and

the first tentative moves by financial players.

+« EXCHANGES provider standardisation and facilitate greater access to

the market, especially by non-physical players.



EUROPEAN POWER MARKET - MARKET PARTICIPANTS onyporf

A THX COMPANY

Electricity trading is both physical and financial. Physical exchange of power usually happens among counterparties through bilateral
agreements ( EFET standard contracts) and also OTC brokers. Exchanges offer financial and physical, typically short-term physical and long-

term financial. Clearing houses remove counterparty risks between buyer and sellers.

M e

What dothey do?  Procurement, hedgingand  Facilitate transactions between Offers a marketplace where

speculation: counterparties for a fee and members can trade instruments
* Banks/Funds without taking positions. without incurring in counterparty
* Retailers (utilities) risk (clearing)

* Generators
» Commoeodity trading
houses

PRODUCT CHARACTERISTICS: CONTRACTS TRADED & PERIODS onyporf

A THX COMPANY

The most common financial and physical instruments used in the electricity sector to hedge underlying energy price risks are FUTURES and FORWARDS.

I
I
I GERMAN POWER MARKET:
I
| ~70 ACTIVE CONTRACTS
| EUROPEAN POWER:
<) U AG G L MW L : ~300 ACTIVE CONTACTS

JAPAN POWER:
TBC: 60 — 70 CONTRACTS?

BRENT FUTURES:
< 30 ACTIVE CONTRACTS
SPREAD OF LIQUIDITY ACROSS MANY
CONTRACTS MAKES BROKERS KEY TO
SUCCESS OF MARKET




MANAGING THE RISK: LOAD SHAPES QTrayporf

In reality hedging is carried out over the portfolio and multiple trades across Spot, Physical Forwards and Futures are used to hedge a close

as possible the physical requirements.

A MW daily load profile

Financial Futures

PhyS|Ca| Forwards (Generally) Months->Years

Day ahead-> Years

A

12

SPOT

Day Ahead and Intraday

THE TRADERS DESK OTrayporf




THE TRADERS DESK OTFCIYpOl'f

A THX COMPANY

Market Dataand || Market Data and |
Execution ' Execution

Market Data and
Execution

Charting
Instant

Messenger

Turret / Phone Bank

THE TRADERS SCREEN OTFCIYpOl'f
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THE TRADERS SCREEN

¢ Trayport

A THX COMPANY
e

Market Depth - Jul-18 -

Germany Baseload® "= &0 X

Trayport Joule 2
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« High number of contracts to mirror risk
profiles — liquidity supportfrom brokers.

» Financial and Physical products to
supporta wide range of market
participants

+ Wholesale markets for electricity and
fuels



¢ Trayport

Thank You

Head Office

Trayport Limited
7th Floor

9 Appold Street
London EC2A 2AP
United Kingdom

Tel: +44 (0)20 7960 5500

New York

245 Park Avenue
39th Floor

STE 62

New York

NY 10167

Tel: +1 212 232 5400

Singapore

Trayport Pte Limited
One Raffles Place
Office Tower 1
#3102

Singapore 048616

Tel: +65 6411 4700



Matthew WITTENSTEIN: Senior Electricity Analyst, IEA

iea
Power Generation and Transmission
Investment

Matthew Wittenstein, Senior Electricity Analyst
14 June 2018

IEA

Low-carbon generation and networks dominate investment iea

Global investment in power generation and networks compared to demand growth

USD (2016} billion

2000 2002 2004 2006 2008 2010 2012 2014 2016

s Fossil fuel s Nuclear

mm Renewables mmm Networks
~u»= Electricity demand growth (right axis)

The relatively stable investment in renewables (in dollar terms) since 2011 hides that fact that
renewable capacity and generation have both increased over that same period.



Liberalised markets are not the primary driver of investment iea

Investmentin the top-20 power-generation sectors by main business model, 2014

China solar PV i u Feed-in tariff
US solar PV*
China coal power
China onshore wind : m Regulated price
China hydropower . :
Europe onshore wind (single buyer or VIU)
India coal power m Market-negotiated
Japan solar PV
US onshore wind®  jee—)— PPA
E bi
b bl | ® Auctioned PPA
Korea coal power |e—:
Brazil hydropower :
US gas power | M Tradable certificates
Europe offshore wind e
SE Asia coal power |
Brazil onshore wind e i ® Wholesale pricing
US nuclear e
India onshore wind s
Russia nuclear e i i 3 E Distributed
USD (20186) billion 0 10 20 30 40 generation

Though wholesale markets have become more widespread, most investments in 2016 were made under
contracted pricing that allows for long-term cost recovery of assets.

Investments in thermal power: trending downward? iea

Additions and retirements of coal- and gas-fired generation by region

Coal power Gas power

semrnrane

2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016
mmm China s ndia . Southeast Asia
. Europe . United States s Rest of world

==s== Net additions to capacity

While net investments in new thermal generation remains positive, the trend is declining. Most of the
recent declines, however, are due to steep drop in coal additions in China.



Reliability in wholesale market environments — a growing concern? (ie2

Large-scale thermal capacity investments and retirements in established wholesale markets

=
[T]

o5 88888

=) s
-30

-50

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

M Retirements M Final investment decisions

In established competitive wholesale power markets, the sanctioning of new large-scale dispatchable
power capacity has been outpaced by retirements of existing plants in four of the past five years.

Transitioning to a high renewables future Ges

Power generation by source (left) and installed capacity (right)
in the Sustainable Development Scenario, 2040

13 100 GW

B Other renewables
m Solar PV
B Wind

H Hydro

i Nuclear
HOil

® Gas

= Gas CCS
% Coal CCS
m Coal
2010 2020 2030 2040

20 000

10 000

Under the WEO's Sustainable Development Scenario, by 2040 power generation is almost completely
decarbonised. Coal without CCS nearly vanishes, and natural gas plays a much stronger balancing role.



Low-carbon technologies are capital intensive

100%

0%

60%

40%

20%

0%

Ratio of capital (CAPEX] to operating (OPEX) expenditures by technology

Natural gas (CCGT)

Coal

MNuclea

r Onshore wind

Solar PYW

Hydro

iea

mOPEX

BCAPE

Capital intensive technologies have higher upfrontinvestment costs, but relatively lower operating
costs. They are more sensitive to the cost of capital, but potentially more competitive when operating.

Market versus policy-driven investments

Net Capacity Additions (GW)
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Natural Gas
@ Hydroelectric
Other

@ Biomass
Solar

Source: US Department of Energy

Competitive markets incentivize investments in more flexible, less capital intensive technologies (for
example, natural gas). Investment in (capital intensive) RE and nuclear has been driven by policy.



The share of variable renewables will need to rise substantially

Share of variable renewables in power generationin selected regions by WEO scenario
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A rising share of wind and solar in the total generation mix requires a range of policy, regulatory, and

market responses to enable sufficient power system flexibility.

VRE deployments are transforming the power system

Net demand in California, 02/08/2011 and 02/08/2014
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Rising shares of solar PV are changing the shape of power demand, putting pressure in system
operatorsto increase overall power system flexibility.

iea



Divergent investment paths: stable versus dynamic power systems (fea

e L,
— %

=3
- Dynamicdemand growth™® 4

- Slow demand growth*

Decarbonisation efforts: Meet existing and growing demand:

*+  Economicimpacts stemming from *  Generation, grids, and integration of distributed
displacing existing assets renewables

*  Maximise the contribution from existing *  Opportunity to design a flexible system around a
flexible assets low-carbon generation mix

* Compound annual average growth rate 2012-20 , slow <2%, dynamic =2%; region average used where country data unavailable
Thiis map is withor judice bo the status of ar zrity ower anvy tarstory, to izt I t = ies and to the name of any berstory, Gty or anes. £ OECD/IEN X018

Making room for new market participants (fea

California rejects gas

peaker plant, seeks clean  ConEd awards 22 MW of demand

energy alternatives response contracts in Brooklyn-
Queens project

The California Public Utilities Commission rejected a
refurbishment of the Southern California Edison’s
Ellwood Peaker Plant, paving the way for a solar+storage
solution instead.

FERC creates path for energy storage
into RTO/ISO capacity markets

Lower costs are creating opportunities for non-traditional technologies to play a role in power markets
—when they are allowed to.
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Are investors able to recover costs via wholesale markets alone? .

Revenue gap for hypothetical power plant in European power system, 2013-2035

-5 120 Wholesale price
s components:
a 100 Additional need to
= recover capital costs
-
< 80
o Capital recovery
E from competitive price
T 60
= B Operating and
maintenance costs
40
CO; price costs
20

Fuel costs

2013 2020 2030 2035

Note: Prices are generation-weighted averages.

Wholesale energy markets may not provide sufficient revenues to cover all of a
generator'sinvestment and operating costs.



Making up the difference: capacity revenues to the rescue? iea

Components of the PJIM wholesale price and ratio of capacity to totalrevenues
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In PJM, revenues from capacity markets have remained relatively stable in absolute terms, but have

been growing as a percentage of total revenues.



Manabu NABESHIMA: Director for Electricity Supply Policy, METI

Challenges to power generation
Investment

June 14, 2018

Manabu NABESHIMA
Director for Electricity Supply Policy
Agency for Natural Resources and Energy

-

Power Generation Facility Investment Plans

- Retall liberalization in 2016 temporarily enhanced construction projects of
thermal power generation plants.

+ However, some projects were reportedly cancelled. (Only half of originally
publicized projects are contained in the supply plan submitted to OCCTO)

« Liberalization accelerates retirement of aging power plants.

) [Equipment capacity of thermal Power generation]
100
80 Coal mGas mQil
78.7
60
40 ——
41.2
;N
16.916.2 8.1 g
s Q _ 0.6 |
-0.7 -7 -1.9
Existing capacity Publicized or reported New projects Retirement
-20 - (specified in the “supply plan™)"



Medium and Long-term Reserve Margin

® In the early 2020s, the reserve margin in several control areas are predicted to fall below
8% which is required for medium- and long-term supply.

Medium- to long-term reserve margin
forecast by area (17:00 daily in August, net transmitted electricity)

- Supply Plans for 2021
Incumbent Utility Total value
50.00% ——  Hokkaido (Retail Division)
=8 Tohoku
0.00% 108 D 123.5GW  344GW 157.9GW
b Chubu
30.00% —a—  Hokuriku
- Kansa
' Supply 143.2GW 15.1GW 158.3GW
20.00% =& Chugoku capablllty
=8 Shikoku
10.00% = Stunnl
—a Okinaws i 1159% 439% 100.2%
capability
0.00% versus
018 2019 2020 2021 2022 2023 2024 2025 2026 2027 demand
Possibility ot electricity trade between control areas
is not reflected in the above estimation. Source: Created from the "Summary of Supply Plans for Fiscal 2018" by OCCTO

Source: Created from the "Summary of Supply Plans for FY 2018" by OCCTO

Effect of Introduction of Renewables

® The output from PV generation is estimated to reach more than 20% of supply capability
during the peak demand time in August.

® PV generation has reached approx. 80% of supply in some control areas (in particular
situation.)

® Utilization of balancing capacity (pumped-hydro, thermal generation, demand response)
as well as interconnection lines is necessary to balance the supply and demand.

May 5, 2018

Supply and demand balance illustration for Shikoku Electric Power on }_
Hourly supply and demand forecast for August 2018 (Kyushu Area) |

Balance illustration for May 5
Supply and demand

[Units: GW] Ares wupply oo
0 nd

supply
capability

demand

(Note) Area semand includes demand in Southern Awaj kskand. Source: Shikoku Electnic Powes

PV Supply and demand record for Kyushu on
Installed April 30, 2017

capacity

Included
in supply

capability
20.1% (LS output)
@ reenananans
<=
4
z
Source: Supply Plan (2018FY) =]




Background of “Kantetsu” (carry out) Package

January 2011 January 2016 January 2018
(Pre-earthquake) (Pre-total liberalization)
New entrants share 3.73% 8.87% 12.4%
JEPX share 0.6% 1.77% 7.7%
Renewables share 2.1% 7.0%
(Excluding hydro) (EY 204 0) (FY 20186)

Decline in » Transition from regulated tariff to liberalized market

predictability of » Fall in electricity price due to introduction of renewables
return on through Feed in Tariff (FIT).
investment

» Stagnation of power supply investment
» Closure of existing power plants

Supply + Prices remain high during low reserve
shortages/ margin periods
Prices remain » Lack of generating capacity to balance
high supply and demand

New Wholesale Electricity Market (“Kantetsu” (carry out) Package)

1. Promoting Competition
(1) Baseload Market

(2) Implicit Auctions/Financial Transmission Rights

2. Addressing Public Interest Issues

(1) Capacity Market

(2) Balancing Market

(3) Non-fossil Value Trading Market



Market Introduction Schedule

*_ Expected point of

introduction
FY2019 FY2020 FY2021 FY2022 FY2023 FY2024
Capacity contracts
Initial main Initial additional enter into force
auction auction E(Dayment incurred)

Capacity market

. | Cross-regional
Cro ss-regional | .o yrement
operation et

starts
| Balancing marketl —E —‘,’,‘,(

A 4

Capacity Market

+ A capacity market is going to be introduced in 2020 with the aim of ensuring sufficient
capacity in the medium term

+ In the capacity market, the main auction is held four years in advance. In addition, an
additional auction is held one year in advance to adjust for any excess or deficiency.

Capacity market transaction
(illustration)

Capacity securing contract
(tentative name)

Main auction Additional auction enters into force Ca[ptaeﬂtt;tissgi;inmge)ci;rtg:ct
y 4 Y 4 3 Time
N4 (@ years WA [ year : S
in advance| N (delivery year)
[ Successful bidder (power producer, etc.) ]
KW value KW value i
Securein bulk Secure in bulk Eayment
[ Market operator (OCCTO) ]
Invoice T Collect
Retail electricity utility /| General transmission
and distribution business operator




David BALDWIN: Senior Managing Director, Macquarie Infrastructure and Real Assets

Macquarie Infrastructure and Real Assets (MIRA)

Tokyo Power Market Seminar
Power Generation & Transmission Investment

June 2018

Important notice and disclaimer

This presentation has been prepared for the sole purpose of the Tokyo Power Market Seminar 2018.
This presentation and its contents are confidential to the person to whom it is provided and should not be copied or distributed in whole or in part or disclosed to any other person without our prior written consent.

This presentation is not an offer to sell or a solicitation of an offer to subscribe or purchase or a recommendation of any securities and may not be distributed in any jurisdiction except in accordance with the legal

requi in such juri
Other than Macquarie Bank Limited ABN 46 008 583 542 (MBL), none of the entities referred to in this pr ion is an i deposit-taking institution for the purposes of the Banking Act 1959
(Commonwealth of Australia). The obligations of these entities do not represent deposits or other liabilities of MBL. MBL does not or ise provide in respect of the obligations of that

entity, unless noted otherwise.
“Macquarie” and “Macquarie Group” refer to Macquarie Group Limited (MGL) and its worldwide subsidiaries and affiliates.

This presentation does not take into account the investment objectives, financial situation and particular needs of the investor. Nor does it contain all the information necessary to fully evaluate any transaction or
investment and, as such, no reliance should be placed on its contents. Any investment decision should be made based solely upon appropriate due diligence and, if applicable, upon receipt and careful review of
relevant offering documents. Recipients of this presentation should neither treat nor rely on its contents as advice relating to legal, taxation or investment matters and are advised to consult their own professional
advisers. Investment in any fund is subject to significant risks of loss of income and capital.

Any forward-looking staternents included in this document represent our opinions, expectations, beliefs, intentions, estimates or strategies regarding the future, which may not be realized. These statements may

be identified by the use of words like “anticipate”, ‘believe”, “estimate”, “expect”, “intend”, “may”, “plan”, “will", “should”, “seek” and similar exp ions. The f d-looking st reflect our views and
assumptions with respect to future events as of the date of this document and are subject to risks and uncertainties. Actual and future results and trends could differ materially from those described by such
statements due to various factors, including those beyond our ability to control or predict. Given these uncertainties, undue reliance should not be placed on the forward-looking We do not L

any obligation to update or revise any forward-looking statements, whether as a result of new information, future events or otherwise.

This presentation incorporates third party information from sources believed to be reliable. The accuracy of such information (including all assumptions) has not been i y verified by ie and
Macquarie cannot guarantee its accuracy or completeness. Except as required by law, Macquarie and its respective directors, officers, employees, agents and make no repr ion or warranty as
to the accuracy or of the ir i i in this

Nothing in this i a i from Macquarie to provide or arrange any facility or otherwise imposes any obligation on Macquarie.

JAPAN

Registration pursuant to Article 4, Paragraph 1 of the Financial Instruments and Exchange Act of Japan (Act No. 25 of 1948), as amended (the “FIEA”) has not been and will not be made with respect to the
solicitation of an offer to acquire the interests (the “Interests”) of the Fund in Japan, on the ground that the solicitation qualifies as a “solicitation for a small number of investors” as defined in Article 23-13,
Paragraph 4 of the FIEA, and the Interests are “securities” as defined in Article 2, Paragraph 2, ltem 6 of the FIEA and being offered in accordance with Article 2, Paragraph 3, ltem 3 of the FIEA, under which the
Interests are to be acquired by less than 499 i who are persons. Prospective investors should be aware that the general partner has not been and will not be registered under the FIEA and
accordingly, the Interests may not be transferred in any manner that would require the general partner to be registered under the FIEA. In particular, but without limitation, if the general partner relies upon the
exemption for registration requirements as provided for in Article 63, Paragraph 1 of the FIEA (the “Article 63 Exemption”): (a) the Interests of a limited partner who is a “qualified institutional investor” as defined
in Article 2, Paragraph 3, ltem 1 of the FIEA (a “Qll") may not be transferred unless the transferee is a Qll who is not an unqualified investor, as defined in Article 63, Paragraph 1, ltem 1, Sub-ltemns (a) through (c)
of the FIEA {an “Unqualified Investor”); and (b) the Interests of a limited partner who is not a QIl (a “non-QII") may not be transferred unless such transfer is a single block transaction of the entire Interest of that
limited partner to a single transferee who is not an Unqualified Investor and the transfer would not cause there being more than 49 holders of Interests who are non-Qlls of Japanese persons (subject to the
aggregation rules provided for in the FIEA and the Enforcement Ordinance thereof). Further, if the general partner relies upon the Article 63 Exemption, the investor represents and warrants that: (a) it is not and
will not be an Unqualified Investor; (b) if the investor is a Qll at the time of acquisition of an Interest, it covenants that it will maintain such QIl status while it owns an Interest; and (c) if the investor is not a Qll at
the time of acquisition of an Interest, it covenants that it will notify the general partner immediately if it obtains QIl status.
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Macquarie Group and MIRA Ve

MIRA is a standalone business within Macquarie Asset Management and has a 23-year
track record in infrastructure investment and management

Macquarie Group Limited

Macquarie Asset Management Commodities Banking and Corporate and Macquarie
and Financial Asset Capital
Total AUM: US$381 billion' Global Markets Services Finance

_______________________ g Contribution to Macquarie Group Net Profit2
Macquarie Macquarie Macquarie 1 )
= = 1 Macquarie Asset
Infrastructure and Investment Specialised . Management
Real Assets Management Investment I 33%
(MIRA) (MIM) Solutions (MSIS) 1 Commaodities and
1 Global Markets
- 5 18%
Infrastructure, Real ?qumes ;n?thlr_(ed SFt,rugturted : 18%
Estate, Agriculture ICOMENFODIgS JoElle = 1
1
and Energy 1 Corporate and
1 Asset Finance
I 24%
Macquarie Capital
__________________________________ : 11% 14%
Banking and
Financial Services
1. Asat31March 2018 1%
2. Net profit contribution is for year ended 31 March 2018 and is 1ent ing profit ibution from operating groups before unallocated corporate costs, profit share and income tax.
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Power Generation/Transmission MACQUARIE

MIRA has a long history of investing in power generation/transmission assets globally

Shanghai Sineng Wind

= i __ GSR Energy.Investments
- Green Investment Grolip' =~ Jinko Solar Power
MIC Renewables o gl . n Race Bank Wind > i .
Y Cadent Gl Elenia OGK:5 Daejon Cogeneration
= Energy A —o ° Koentec, Jinju;Sachan
J . 2 2]
= | Viesgo ‘- -
z % Youngduk
Puget Energy—l E.On 3
Lordstown Energy ® @ = O = HDE = ‘Yeongyang
[ ®
0

< == 3

'—V Cleco e @

Broadrock LFG o t ; RE
Renvico 3 —_

® = s, ° o
Generadora Electrica San 7 (3 °
Rafael = (s
) Stride

Soham Renewable Hnergy

GNPower Kauswagan

Isalasol

NLR
Adhunik EDC
Power
. Transmission Infrastructure Sacasol =
. Energy . MB Power

@ Renewable Energy

Endeavour Energy

Manage investments totalling 36 GW of generation assets, 20+ year’s sector experience,
300+ dedicated staff around the world

1. Asat 31 March 2018. Rep portfolio i which ie Infrastructure and Real Assets managed on behalf of investors with various direct percentage stakes held in each. Portfolio
businesses shown on the map are rep ive and not exh ive. In some i , they represent the opportunities of a single business where it has operations across different locations
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Global Energy Markets Are In Transition
Creating Investment Opportunities MACaUARE

Three key trends are shaping investment requirements and opportunities

Increasing use of
electricity in global
energy demand

Electricity share doubles by

20501
[=]
(=]
n
(=]
Q
<
- Qo
8 Q
S ©®
=3
L
(=]
Q
N
(=]
o
-
2020 2030 2040 2050
1. DNV GL - Energy Transition Outlook 2017
2. U.S. Energy Information Administration, 2016
X European Parliament, 2017
4. Reuters, 2015
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PWhiyear

Investments in T&D

Increasing use of
are increasing

renewables

>80% renewable Increasing distributed
generation by 20507 energy resources driving
investmentin T&D

U.s.

U.S. electricity transmission
investments increased by six fold
during 1996 to 20162

Europe

Huge investments (€40 to 62bn p.a.)
in transmission grids are needed for
energy transition to succeed?

China

China targets to spend US$300bn to
improve its power grid infrastructure
over 2015-2020*

2010 2020 2030 2040 2050

PAGE 4

Increasing Electrification Vel

Increasing electrification due to electrification and fuel switching

Population access to electricity is increasing’

Approaching universal access

by 2030
=
=)
=]
2
(=]
0

S Historical Projections
2000 2015
Sub-Saharan Africa — India — Indonesia
— Other Southeast Asia — Other developing Asia

1. EIA2017
2. |EA, Global EV Outlook 2017

2030

— Other

Number of electric vehicles are increasing?

25 = > =
# of electric vehicles have increased _g;::’:n
5 by >10 fold over the last five years . mmGermany

W France

.. W United Kingdom
i Netherlands

_ mmmNorway

. Japan

= United States
e China

——BEV

~—BEV + PHEV

15

10

Electric car stock (millions)

0.5

0.0
2010 2011 2012 2013 2014 2015 2016

Electrification opportunities
Transportation

o => W2E

Adjacencies
Smart Homes: 26m Battery Storage:
UK _homes t_O be US$400bn global
equipped with smart battery storage
meters by 2020 (at market in 2030

est. £11bn cost) —

<18 Boston Consulting Group, Electrified Vehicles to take half of Global Auto Market by 2030, 2017
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Renewable Energy
Driving Structural Changes in Power Markets vACRUARIE

Power generation is continuing to shift towards renewable energy, driven by policy,
innovation and access to capital

Country/regional renewable energy targets are driving the Renewable energy is becoming increasingly cost
continued investment in the renewable energy globally competitive
$/MWh (real 2016) China c<&™

" 180
China: emissions ot

Intensity 60-65% 140
below 2005 by 120
2030 100

Utility-scale
PV

(

EU: 40% below 80 / Coal
1990 by 2030 o S
- Russia: 25-30% 40
Canada 30% . Snshore —
below 2005 by below 1380 by 2030 S pharilons
2017 2020 2028 2030 2038 2040

2030

$/MWh (real 2018)

» Japan: 26% Sk Japan
) below 2013 by
E -2 2030 200

\ b . South Korea! 180 | Onshore
Mexico: . I < ) . 37%below & ccoT
2pbelow % % ot " BAU by 2030 100 N’
BAU by 2030 g < B o —

- Y Indonesia: so ——
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India; emissions . P, 20% below [V

L~
Brazil: ) 4 hl?:,s:‘;g:;gfgn/;a BAU by 2030 = g oy 2025 2030 2038 2040
37% below India
2005 by 2025 South Africa: S/MWh (real 2016)

* Emissions peak \
during 2025-30 Australia: ¥
T 4

120
100
Annex | parties Subrmitiad No 2005 by 2030 6 /
Non-annex | parties | post-2020 pledge submission eo Coal
a0 ! - »ﬁr
20 Utility-scate
PV
o
2017 2020 2025 2030 2035 2040

1. Source: Bloomberg New Energy Finance

STRICTLY CONFIDENTIAL | MACQUARIE PAGE 6

Transmission and Distribution Infrastructure
Essential for Successful Energy Transition MACOUARE

Distributed energy resources, aging infrastructure, policy, and demand growth is driving
investments in transmission and distribution (T&D) systems

(/ Significant size \
v" Predicable earnings

Investment v" Capex growth to enhance and expand network
Rationale

\. J

(\/ Unbundling B
v Significant investment requirements, often below
Corporate corporate return hurdles
Challenges v Access to debt limited by corporate leverage

v Capital efficiency challenges

e

ﬁ Increasing distributed energy resources including
renewables, battery storage, demand-side
management

v Digitisation

VAW
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Case Study
Race Bank: 573MW offshore wind farm in the UK

MACQUARIE

Acquisition of a 50% interest in Race Bank in 2016

Investment Rationale

1.

Inflation linked revenues with limited merchant risk: The UK
ROC regime gives certainty over ¢.70% of the project’'s
revenues

Favourable PPA: Investors benefit from a 16.5 year PPA with a
cap and floor mechanism in place, providing strong protection
against downside power price exposure

Long term contractual framework: 15-year O&M agreement
with Orsted that is largely based on an annual fixed fee,
representing ¢.90% of O&M costs during the contract period

Substantially de-risked construction programme: Project
construction is well underway, with a number of critical elements
required to achieve ROC accreditation already complete and
with the majority of the remaining elements all on track to be
completed on time and within budget

Source: Orsted

O

{7 Humber Gateway

Orsted O&M

Hub

Inner Dowsing

Lincs Lynn ==~
Y

On 21 December 2016, MIRA and MacCap acquired a 50% interest in Race Bank. MIRA holds a 25% shareholding in the company
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Case Study
Cadent: The largest gas distribution network in the UK

o

"

2

QTm Knoll

&Race Bank
o 3 Dudgeon

7

Sheringham
Shoal

=2 Cable Corridor
Offshore wind farm status
1 Consented

[ Operating

[ Under Construction
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MACQUARIE

Acquisition of a 61% interest in four National Grid gas distribution networks in 2017,
consequently rebranded into Cadent

Investment Rationale

Well-established regulation: UK gas regulation is considered to
be one of the most mature regulatory frameworks globally —
allowing gas distribution networks (GDNs) to have only a very
small exposure to volume risks with a very predictable revenue
profile within each regulatory period, also providing inflation
protection

Operational improvements: A corporate carve-out presenting an
opportunity to further promote operational excellence through
restructuring of operations

Corporate governance: MIRA-managed investment vehicle
enjoys negative control, as well as the right to nominate the CEQ,
providing enhanced governance and allowing to influence the
approach to transition and operations

STRICTLY CONFIDENTIAL | MACQUARIE
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Case Study

Endeavour Energy: Electricity distribution network in Australia

Acquisition of a 50.4% interest in a distribution network by a MIRA-led consortium in 2017.
The Government of New South Wales retained a 49.6% minority interest

Investment Rationale

+  Well-understood regulatory framework: mature regulatory
regime with regulated, inflation-linked returns, allowing for
visible long-term cashflows

« High-quality core infrastructure asset: second largest
electricity distribution network in New South Wales, covering
~2.4m people and priority growth areas in Western Sydney

« Facilitative governance structure: operational control given
to private investors, providing autonomy and flexibility in
decision making and executing business transformation
program

+ Scope of operational and network improvements: MIRA-
led consortium identified significant operational improvement
opportunities

STRICTLY CONFIDENTIAL | MACQUARIE

Key Considerations for Investing in Energy

Far West
Western NSW

Albury

Endeavour Energy
Ausgrid
Essential Energy

Hunter
NewEngland
Great Lokes
The Hills Shire Counci
Dubbo [, i
_ Newcastle
*Sydney
Campbelitown
Wollongong

Southem KSW

Essential
Energy

Ausgrld

Caniston

MACQUARIE

e
M“‘v:" I {Springhil
pae——
%
Southern_ |
il Pacific
= Ocean
A
Uadiulla 3
£ v
£
PAGE 10
MACQUARIE

Regulatory Risk

e Returns are measured at a premium to risk-free rate

* Strong demand from financial investors who are natural long term
owners of high quality, yielding investments

¢ Usually the most important consideration for financial investors
« Transparency and consistency are vital to drive investor interest

Significant technological opportunities (e.g.: renewables, batteries) and

aware of

STRICTLY CONFIDENTIAL | MACQUARIE

challenges (distributed generation) which long term investors need to be
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Robert GROSS: Director, Centre for Energy Policy and Technology, Imperial College London

Imperial College Energy Futures Lab
London )

LuImuauvii

UK energy policy
and market reform

Dr Robert Gross

Imperial College
London

World-class scholarship, education and research
Number 8 in Times Higher word ranking 2015

Four faculties: science, engineering, medicine
and business

15,900 students
9,100 undergraduates
3,400 taught postgraduates
3,400 research postgraduates
from 126 countries
3,800 academic & research staff

3,100 support staff

£970M annual turnover

Imperial College
London




Imperial College
London

Sustainable Power: includes
research on marine energy;
bioenergy; PV and solar thermal;
fuel cells; nuclear; wind energy

Clean Fossil Fuels: includes

~ research on carbon capture and
storage; down-well processing;
sustainable gas

Energy Infrastructure: includes
research on smart grids; energy
storage; multiple energy vectors;
energy efficiency

Energy Futures Lab

The Energy Futures Lab is a university-wide institute that promotes
cross-disciplinary research and education in energy. Approximately
200 academics and 700 researchers work in energy related topics with
an annual spend of around £40M from industry and public sources. It
runs an MSc in Sustainable Energy Futures

Cities and Transport: includes
research on electric and hybrid
vehicles; transport use
modelling; future fuels; more
electric ships and aircraft.

Policy and Innovation:
includes research on energy
policy impacts; inventive
mechanisms; energy service
innovation; energy resource mix
assessment

Imperial College
London

Overview of presentation

— Background on UK Energy Policy

— Recent policy changes — Electricity Market Reform
— Power system investment since liberalisation

— Changes to the UK power mix

— The capacity mechanism

— Renewables prices

— Future issues for policy and markets

s Imperial College

London



Imperial College
London

Policy in the UK power sector — 2
minute history

» 1900s — private competitive — tending to monopoly

* 1950s to 90s — nationalised industry — economies of scale

* 1990s — competition, liberalisation — dash for gas

« 2000s — climate change programme and Renewables

Obligation, plus EU Renewables Directive

« 2010 - Electricity market reform creates capacity market and

contract for difference feed in tariff

ey Imperrial College

Imperial College
London

Pre 1989

State owned CEGB
and regional
electricity companies

Dispatch optimised
on merit order —
lowest marginal
cost runs first

Power mix mainly
coal (80%) and
nuclear (20%)

Some hydro
Some oil
No other RE

ey Imperrial College

London

The evolution of the market

1989-present

1989/90

Electricity Act:
Liberalisation & start
of Privatisation

The “Pool” central
buyer and two main
companies (running
coal)

National Grid
dispatches
according to bid
prices

Some hydro
Some oil
No other RE

1990-2000
Gradual opening of
competition in supply

Investment by new entrants
and regional electricity cos
Leads to the dash for gas

Nuclear part privatised

Creation of Non-Fossil Fuel
Obligation (NFFO) —
designed to support
nuclear but open to
renewables

First wind farms
constructed (1991)

London



Imperial College
London

The evolution of the market, 1989-present

2001
NETA: New Electricity
Trading Arrangements

bilateral trading
England and Wales

Creation of
Renewables Obligation
(RO) — tradable
certificates plus target
on suppliers

Growth in wind and
landfill gas plus some
small hydro

Imperial College
London

2005 - 2014

BETTA: British Electricity
Transmission & Trading
Arrangements

Various changes to rules
for bilateral trading +
Scotland

Many changes to workings
and ambition of RO — eg
banding

Creation of micro-gen FiT
Huge expansion of wind,

then offshore wind and
solar

Energy Act 2013

2014
Electricity Market
Reform

bilateral trading +
capacity markets +
CfDs

Opens
support/subsidy to
new nuclear

Emission performance
standard

s Imperial College

London

Electricity market reform

Contracts for

Difference

(fixed-price 15-yr
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London  The changing electricity mix — from coal to gas

...to renewables

Electricity supplied by fuel type, 1990 to 2015

1990 1985 2000 2005 2010 2015
Net imports Other fuels ® Other renewables

= Wind & Solar ® Hydro (natural flow) ® Nuclear

= Gas = Qil = Coal
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The dash for gas
-
CCGT capacity, 1990 onwards
CCGT installed in UK per year
(based on year of commssion)
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Renewables now supply over 25% of power

Share of generation

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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The death of coal?
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2011 - 2017 CO2 emission down from 510 g to
240 g /kWh
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Capacity market outcomes
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Auctions drive down wind and solar prices

Capacity Admin Strike price Lowest auction clearing
(Mw) 2014 (E/MWh) price Jan 2015

Large solar PV 12 120 79
Onshore Wind 1162 95 79
Energy from Waste 95 80 80 £180 -
CHP
g0 | E195 £155
Offshore Wind 750 140 114 'Nﬁfw
£140
Advanced 62 140 114 z £119.89
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Lessons from the UK

* ‘Dash for gas’ mainly driven by wholesale rather than capacity market
* Carbon price plus regulationdrives coal to gas switching

* Capacity market creates surprises —smaller peaking plant not CCGT

* Auctionsdrive renewables price reductions

* ‘Subsidyfree’ renewables possible but long term contracts still needed to access

low cost capital
*» 25% renewablesintegration with minimal system costs

* The future — RE contributes to balancing, flexibility from interconnectionand

conventional plant, storage for frequency, increased role for demand side

*  Future uncertainty: What role for new nuclear? What is needed for new CCGT?

*+ Canwe make new demands (cars, heat) flexible? Interconnection/Brexit? Imperial College
London



