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Risk Management in Colombian Electricity Market

Sometimes
these

things
happen
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Risk Management in Colombian Electricity Market (' l .

And we try

to manage

the risks, \ ?
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Risk Management in Colombian Electricity Market
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The Black Swan gt o e

The Great Recession by the Numbers
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So-called “black swan™ events

are highly unlikeh o happen
but would have severe

comsequences if they did.
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Risk Management in Colombian Electricity Market <m

And guess what?...it happened
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Affected Users

* Regulated: 20%
* Not Regulated: 5%
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Risk Management in Colombian Electricity Market

Our risk management in Colombian Electricity Market

=

Financial Risk
Management tools

* Banking guarantees for
payment in the pool market
* Futures to hedge spot
price volatility

Todos los derechos reservados para XM S.A. E.S.P.
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Early alerts

* Solvency Margin
(CROM).

 Monitoring financial
indicators.

* Supplier of Last Resort (SOLR)
» Standardized Contracts Market with Central
Counterpary (ClearingHouse).
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Risk Management in Colombian Electricity Market (l I '

| essons learned

»  Black Swans Happen!! Be prepared and use the
instruments that the market has to offer.

* Financial markets add great value to electricity
markets, offering effective instruments to manage
financial risks. Including: Clearinghouses.

It is crucial to have a Supplier of Last Resort to
protect final users. Default issues are more sensitive
in electricity markets, that is why...

We would like to learn about
experiences of other markets in our
panel!

Todos los derechos reservados para XM S.A, ES.P.
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Lessons from the AasHat Defaults
Panel 3: Credit Risk Management
APEXx Conference, Toronto

Todd Bessemer
11 October 2019




A New High-Water Mark for Defaults

2018 saw two unprecedented defaults in electricity derivatives markets
1 |

{ |

“On June 21, 2018, PJM declared a PJM } “A Norwegian power market trader [Einar
member and Financial Transmission Rights Aas] racked up losses he could not cover,
(FTR) market participant, GreenHat Energy, J ! leaving commodities companies who are
LLC, in payment default for non-payment ... part of the Nasdaq clearing house, and the
PJM cannot estimate the amount of the '4 o : exchange itself, to plug a 114 million euro
default allocation assessment but believes it g bO ($133 million) hole in a contingency fund.
is likely to be in the tens of millions of 9‘5\'/

dollars.” ®
o

June 21, 2018. PJM Market Notice September 13, 2018, Reuters
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Haven’t We Been Here Before?

“Those who forget the lessons of history are condemned to relive them”

...the liquidation proceeding is an
attempt to recover approximately $250
million Edison is in default on to CalPX
market participants.

February 2, 2001, CalPX Press Release.

mMARKET REFORM
Page 12

George Santayana

e
Q{e/os
... The $80 million estimated loss, 6‘,33,7
generated by Tower affiliate Power "y

Edge, has to be borne by PJM's
members... Power Edge put up only $3
million in collateral to control the huge,
money-losing trade.

January 23, 2008, Baltimore Sun.

© Market Reform, 2019.



Some Specifics on the Greenhat Default

Chart 4- Growth with Declining Collateral

Reqrvenntn = Acquired massive portfolio; the largest in the market, at 836 TWh (greater than
Srsent e Cxposing Yo Colmiers! Reguirernent Germany’s annual electricity consumption!).
Exposure, | = These positions were primarily in infrequently traded, illiquid back periods.
_ o || B = Even when warning signs appeared, PJM felt its rules constrained it from many of
3; 5 R the potential courses of action.
7 387
285 =  PJM commissioned Independent Consultants’ Report, which found a number of
104 104 3 I failings, including:
.;1'/!49“ * inadequate risk models
:/ \955" . | * inadequate ‘know your customer’ procedures, and controls to exclude bad
$830K s'\m actors from the market
ssoa 2K - failure to act after prior defaults
\
Prponune \ + insufficient monitoring once issues were known, with Greenhat able to continue

\ amassing large exposures
sozk~_ 32K s12k

2018 2017 2018 * inadequate qualifications and training, of both PJM risk management staff and
some of the traders on the market

Source: Report of the Independent Consultants on the
Greenhat Default, Anderson, Wolkoff, et.al., March 2019

mMARKET REFORM
Page 13 © Market Reform, 2019.



Some Key Learnings — New and Old

Credit management has been an afterthought in the development of most electricity
markets; the obvious exemplar of futures markets has mostly been ignored

=  With some exceptions, spot market operators tend to be particularly weak at managing
the credit risk of related derivatives markets (e.g. FTRs).

= However, as seen by the Einar Aas default, even futures markets can get it wrong.

Particular Issues:

= Failure to adequately understand (or account for) the interplay between the physical and
the financial. e.g. outcomes in locational basis trades are highly influenced by stochastic
events in the system, such as line outages or augmentation.

= Looking purely at historical volatility is unlikely to be a sufficient indicator of future risk.

“For the FTR market, however, implied volatilities are not available, and there are concerns
regarding whether there is a sufficient diversity of trading history for historical volatilities to be
sufficient. A more reliable method for deriving volatilities would be to analyze the results of a
range of simulated scenarios. This raises the challenge, however, of how many and which
scenatrios to pick, and how computationally intensive such a process would be.”

PJM Credit and Clearing Project: Findings and Recommendations, June 2008.

mMARKET REFORM
Page 14 © Market Reform, 2019.



Some Key Learnings — New and Old

...also...

= Both the PJM and Nasdaq defaults also show a failure to properly account for liquidity
risk — the ability for the position to degrade by the time it can be liquidated — and
appropriate adjustments to margin required to cover this.

= Position limits — as a factor of commodity and participant financial strength — were
inadequate, allowing outsize positions to be accumulated.

For electricity spot market operators, if you’re going to operate a derivatives
market, you either need to hire a clearing house, or build one.

mMARKET REFORM
Page 15 © Market Reform, 2019.



APEX - Panel 3: Credit Risk Management
11th October 2019, Toronto, Canada

Hans-Arild Bredesen
CEO, Nord Pool Consulting



Nord Pool Consulting

Ambassadors for modern power market across the world

Unique competence in a wide span of topics

A selection of projects recently completed

oono Market design
DOO  Specialised competence in overall market design and
ooo structuring, with emphasis on local needs

Rulebook development —
Development of rule books for all market participants to E =

ensure well-functioning markets

Montenegro
High-level design of

Bulgaria the electricity market

Regulation

Deep insight into regulatory frameworks with continuous
lobbying efforts towards regulators and politicians

Market systems £
Provision of power exchange backbone systems and EF‘E%

MCO services ﬂdﬂh

E] ® Competence building
Nord Pool Academy is a vehicle to educate customers and
stakeholders on internal and external developments
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Croatia Georgia
Set up serviced
High-level design and power exchange Support for the
implementation of the implementation of
SO 1ange the wholesale
electricity market
Support of Feasibility study for an
implementation of electricity derivatives
a Power Exchange market
Philippines
| Brazil e
Feasibility for
a financial m—P
derivative . .
market Continuous support to the Feasibility studieson
Southern African Power multilateral power trade in
Pool ASEAN member states



Settiement timeline - risk and payments
A nostalgic picture from the old SEM - but this is still the case...

Settlement Risk Period

>
»

A

Billing Period/ Suspension
Capacity Period Data Verification Period Payment Period Period
P1 P2 P3 P4 P5
| | || ||
Settlement P1 - P2 - P3 - P4 - P5 - Time to Settlement
period Indicative | Verification | Invoice & Initital | Invoice | Credit remedy, Risk Period
Settlement | period Settlement due due time to
Statements | finished statements sent SoLR
Billing Period BP+1WD BP+4WD BP+5WD BP+8WD | BP+9WD 2WD+[1]WD | D+17WD
(Weekly) at 17:00 at 17:00 at 12:00 at 12:00 | at 12:00
Capacity Period | CP+1WD CP+4WD CP+5WD CP+8WD | CP+9WD | 2WD+[1]WD | D+34WD
(Monthly) at 17:00 at 17:00 at 12:00 at 12:00 | at 12:00

Assumptions: - max 22 work days in month, 5 working days in week
- Validation period is set to 3 working days
- 3 working days before invoice is due
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Nord Pool Basic Clearing model
Used for the physical markets

Margin

A Fractien of Money Required (s Trade

> Initial Collateral: Up-front (base) collateral in place before member can trade. Min
M’*” Collaterals Q‘%% deposit = € 30.000
qoe*‘? _ ., %ﬁ,% Members estimate maximum daily exposure in MWh
LIS Nord Pool - % . » Trading Margin is calculated on a daily basis, as the sum of a member’s net MWh
Sellers Auction Buyers position, multiplied by the risk parameter, times the day factor set by Nord Pool.
\ < > (Daily Net MWh position x Risk Parameter) x Day Factor
Fmancial l Fmancial
sottiement saltiemant
i > Risk Parameter is a parameter set on either a net long or a net short position per
\ Clearing : delivery country, estimated as a worst case on how high the spot price can be using
L . ; three years’ lookback and 99.7% confidence interval.
|
> Day Factor is a parameter set to account for member's exposure to Nord Pool over

weekends.

> Collateral Call is the daily collateral call being estimated as the highest of the Daily
Margins looking back on the last 30 days. MAX (DailyMargin1, DailyMargin2, ...,
DailyMargin30)

vZ
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... Some key learning points from the Nordics - three different cases
One of the fundamental issues for almost all risk models — is that they are based on historical data

ENRON bankruptcy COLD WINTER 2002-2003 EINAR AAS
% @ Gty wres St fand | 2000, o (33110 a0 et b

Short description: Short description: Short description:
» Biggest market participant went bankrupt » Rapid rise in forward prices in financial market » Big bet on price differences between NO/DE
» The fall of ENRON went very fast » Daily margin calls - getting into holiday season » A‘black swan” ....
» The bankruptcy was not connected to our markets, in » The banks total exposure in power became a huge »  Small, one-man company runs out of cash for margin

fact Enron was successful in the European power issue — not the solidity of the power companies calls and positions closed down

trading » Nasdaq needs to use Default fund to manage the

cashflow
Key learning points: Key learning points:
Key learning points:

» Clear legal rules extremely important » Close cooperation with the market and also providers
» Internal procedures equally important of services is important » No violation of rules
» Equal rules based on trading (no special treatment, no » It was solved by an open communication between » Q: Should there be more risk parameters?

rating used) both PX, members and banks
» ... And it helped that the market could easily support » And again, the rules and also Enron story allowed

the netting of the positions Nord Pool to remain within their rule.

»  This was never thought of as a problem...

NORD

POOL



So - what to do?
Shall the markets be built to cover for all events?

The physical short term markets will manage
- Shorter and shorter settlement and clearing timeframes
- “Limitless” trading will be more attractive and easier with technology

For the Financial markets, there are still questions to be answered

- The question of cost of collateral vs cost of trading

- Atruly hedged market against all risks is almost impossible (and very expensive)

- Will a “black swan” event where you need to call on the default fund every ten years —
is that a price the market is willing to pay (for lower cost of trading)?

However:

- The fundamental issue is that to predict the future is still very hard...

- ... and most collateral models are using historical data as inputs

- So the issue is that if tomorrow looks like today — the risk is minimum, BUT if tomorrow
looks fundamentally different from today, the risk is higher

Closing remark:
- In any case — clear, unambiguous and enforceable rules is a key!
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$/MWh

worst case scenario “high”

expected market price “normal scenario”

worst case scenario “low”

next year time




Thank youl!

Hans-Arild Bredesen
CEO, Nord Pool Consulting

P: +47 90 70 43 80
M: hans-arild.bredesen@nordpoolgroup.com
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Panel 3: Credit Risk Management

APEXx Conference, Toronto
October 11, 2019

Paul Cusenza
Chairman & Chief Executive Officer,
Nodal Exchange & Nodal Clear

part of eex group




Nodal Exchange Overview

« Commodity exchange
— Designated Contract Market under U.S. CFTC jurisdiction; all contracts are futures contracts
— 42% market share of U.S. power futures open interest as of Sep 30, 2019 (~850 TWh)
o Market share up from 31% Sep 30, 2018
* Power, natural gas, environmental and trucking freight contracts

— Providing ability to trade power futures and options on hundreds of hubs, zones, and nodes
across seven organized markets (and Mid-C)

o ISO-NE, NYISO, PJM, MISO, ERCOT, SPP & CAISO
- Natural gas futures and options contracts for Henry Hub

- Environmental futures and options on renewable energy certificates, carbon and SO2/NOx
emission allowances

- Recently introduced trucking freight contracts

* Multiple platforms:

— Nodal LiveTrade trading screen as well as Deutsche Borse Group’s T7 matching engine with
CQG front-end for select contracts

— Block trades (e.g., broker) submission for clearing

» All contracts are cleared by Nodal Clear using innovative portfolio margining

— Nodal Clear, LLC has been permitted to elect Subpart C under Part 39 of the Commaodity
Exchange Act

— Nodal Clear was recognized as a third-country central counterparty by ESMA in March 2017

« Nodal Exchange became part of the EEX Group on May 3, 2017; EEX Group is
in turn part of the Deutsche Borse Group

© 2019 2



. nodal
Central counterparty clearing is used to manage

the credit risk related to futures contracts

- When contracts are to be settled in the future there is risk regarding the
counterparty being able to meet payment obligations at that future time

- A central counterparty clearing house acts for a specified market as the buyer to
every seller and the seller to every buyer, taking no market position risks only
default risk

- These clearing organizations for commodities such as energy are regulated in the
U.S. by the Commodity Futures Trading Commission (CFTC) and referred to as
derivatives clearing organizations (DCOs)

- To protect themselves in the case of a default, DCOs deploy three main tools:

> Variation margin: covers actual movements in the expected settlement price
of the contract (mark to market)

> Initial margin: covers the potential price movements that could occur after a
potential default and are determined to cover a set number of days to liquidate
with a certain degree of confidence. In addition, liquidity margin is also added to
this amount to address needing to potentially surpass market prices to quickly
liquidate less liquid contracts.

> Default waterfall: used to handle extreme, but plausible credit risks

© 2019 25



“Novation” in cleared market trading leaves the clearinghouse as the central
counterparty; clearing members provide an extra layer of protection

Trade Trade

@ Nodal @

Exchange

Seller

Submission of
trade for clearing

Buyer Seller
Clearing Clearing
Member (CM) Member (CM)

Novated trade with
Nodal Clear as seller and
CM guaranteeing buyer

@ Novated trade with
Nodal Clear as buyer and
Nodal Clear CM guaranteeing seller

© 2019 26



- nodal
Nodal Clear clearing members

."'r -
am ° ADM Investor Services Inc. (FCM)

BankotAmerica ™% . BofA Securities, Inc. (FCM)
E BNP PARIBAS . BNP Paribas Securities Corp. (FCM)
ci'fi - Citigroup Global Markets, Inc. (FCM)
- ED&F Man Capital Markets Inc. (FCM)
» Goldman Sachs & Co. (FCM)
m » Macquarie Futures USA LLC (FCM)
MIZLHO * Mizuho Securities USA Inc. (FCM)
—
m « Morgan Stanley & Co. LLC (FCM)
Ny cossmes . RBC Capital Markets LLC (FCM)

* Royal Bank of Canada

= ?L‘:C{EIE CEMERALE

Eafiirk it =+ SG Americas Securities LLC (FCM)
el * Wells Fargo Securities LLC (FCM)

© 2019 27



Default Waterfall — the clearinghouse has several layers of
protection to insulate participants from defaults

Nodal Clear
- Nodal Exchange -

3 .;fa=-°—‘u..>. =
Defaulter’s Initial
Margin

Defaulter’s Guaranty
Fund Contribution

Nodal Clear
Contribution
$20 million

Contributed by all

Guaranty Fund clearing members

$173.4 million*

Additional funding from
surviving clearing members

in the event default/guaranty
fund is exhausted

Unfunded
contributions -
assessment

Service Continuity
Phase Based on DCO’s Recovery Plans;
includes measures such as voluntary
contributions or variation margin
Closure haircutting

* As of August 16, 2019 28
© 2019



Lessons learned from 2018 global power industry
defaults: key factors to continue to manage

« Clearing Member admission policies

* Credit and compliance monitoring of Clearing Members

* Position monitoring

« Variation margin importance

 Initial margin design — price and liquidity risk management
« “Skinin the Game”

« Guaranty Fund importance

» Default management process

© 2019 29
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Thank you!!!

For more information please contact:

Paul Cusenza

Chairman & Chief Executive Officer

Nodal Exchange, LLC and Nodal Clear, LLC
1921 Gallows Road, 3 Floor

Tysons Corner, Virginia 22182

Telephone Office: 703-962-9800
Telephone Direct: 703-962-9812
Email: Cusenza@NodalExchange.com

©2019 30



Nord Pool, Europe‘s leading power market

Efficient, simple and secure power trading across Europe.

Matias Peltoniemi
Bright Sparks Program

APEx 2019 Toronto
11/10/2019

NORD
POOL




Nord Pool at a glance

More than 360 customers from 20 countries trade on
Nord Pool’'s markets.

Nominated Electricity Market Operator (NEMO) in 15
European countries.

Offices in Oslo, Helsinki, Stockholm, Tallinn, London
and Berlin.

Over 140 employees work at Nord Pool.
524 TWh of power was traded in 2018.




Nord Pool - Europe’s leading power market

Supporting the by
providing market solutions for smart
cities, electrification and integration
of intermittent energy sources

Enabling
and increased through
. European market integration

Providing products
and services to the European
electricity market

Tl
dENNNNANEER
A0

Delivering to ensure
market integrity and
of all participants




Nord Pool Consulting

Ambassadors for modern power market across the world

Unique competence in a wide span of topics

A selection of projects recently completed

oono Market design
DOO  Specialised competence in overall market design and
ooo structuring, with emphasis on local needs

Rulebook development —
Development of rule books for all market participants to E =

ensure well-functioning markets

Montenegro
High-level design of

Bulgaria the electricity market

Regulation

Deep insight into regulatory frameworks with continuous
lobbying efforts towards regulators and politicians

Market systems £
Provision of power exchange backbone systems and EF‘E%

MCO services ﬂdﬂh

E] ® Competence building
Nord Pool Academy is a vehicle to educate customers and
stakeholders on internal and external developments
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Croatia Georgia
Set up serviced
High-level design and power exchange Support for the
implementation of the implementation of
SO 1ange the wholesale
electricity market
Support of Feasibility study for an
implementation of electricity derivatives
a Power Exchange market
Philippines
| Brazil e
Feasibility for
a financial m—P
derivative . .
market Continuous support to the Feasibility studieson
Southern African Power multilateral power trade in
Pool ASEAN member states



A pioneer in the European spot power market

Nord Pool has been the driving force of the integration of the Nordic power markets, and later Baltic and European power markets

524 TWh

traded volumes in 2018

2000
The Nordic market
becomes fully

1LY integrated

\\p
1993
Statnett Marked, later
Nord Pool, founded in
Norway

N - 3
s e 8om

v-gm
- zaannlll
M ¢ O O©O N~ © O ©O = N
538888888¢8

8
2004 [N 15
2005 | 175

2013

L2

2010 | *'0
2012 |

Baltic markets

201> |
201+ | 5
2015 | <5

Completes the full

-~ integration of the

2010
Launches the UK
market N2EX with

Nasdaq

[ A RN
o far™ o
2017
Awarded NEMO

licence in 8 new
geographies

«
n N o
B B ¥
© N~ ©
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© © ©
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The world’s first electricity
exchange

The world’s first multinational
electricity exchange

A driving force in European
market integration through
XBID and PCR projects

A global thought-leader in the
field of physical power trading

NORD
POOL



Nord Pool plays a part in the wider electricity market

How the power markets fit together Physical

10 years 24 hours Intraday Intra-hour
|
|
l Day-ahead |
Reference price:
System price I
Reference price: I
Area price
Continuous price |
formation

|
c. 950 TWh 516 TWh 8 TWh c.2 TWh I
Nordic electricity annually’ through Nord Pool in 2018 through Nord Pool in 2018 through the TSOs in 2018 |
Physical delivery I
|
Financial market Nord Pool TSO I
« The financial power market consists of + Day-ahead is the main market, with intraday providing flexibility should variations in supply or |

derivatives used for e.g. hedging and demand occur, providing producers and consumers a marketplace to “trade themselves into * Intra-hour power flow is directly managed
speculation balance” by the national TSOs in order to provide |
ianifi * Increasing presence of speculative traders power balancing in real-time fo ensure the I

* Asignificantly larger market than the gp P right frequency of the grid and security of
physical, with annual trading representing + Imbalance at the time of intraday gate closure (1h before delivery in the Nordics) will result in supply |
multiple times yearly production penalties by the system balance responsible, the TSOs I

P O O L 1) Aggregated volume of all Nordic derivatives traded on Nasdag Commodities in 2018 36
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Bright Sparks Experience

« APEX launched the Bright Sparks Program to support the development of young energy professionals.

» Bright Sparks Program 2019 has given me opportunity to
— Attend at the full APEx conference and follow the current market trends and topics
Dedicated presentation slot
— Activities before the conference together with other Bright Sparks
Opportunity to interact and network with energy industry professionals
Follow and listen into recent developments in the power market sector

 Looking forward to join Bright Sparks Alumni group and sharing experiences!
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Thank you!

NORD POOL CONSULTING

Matias Peltoniemi
Phone: +358415232033
Email: Matias.Peltoniemi@nordpoolgroup.com
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Electric Grid &

EM Structure and Participants

/

Generation

19 operate in the WEM

10 in process of starting
operations

Power statlons

248
Number of
power
statlons

Conventional
Clean

‘-
~ TEDF

renewables

ELECTRICITY MARKET

R

Transmission

Transmission regions
53

Interconnected

Isolated
Systems

The voitage level of the National
Transmission Network is higher
than or equal to 69 KV.

Distribution

Distribution lines

Voltage

Low voltage
2.4 KV voitage

2.6 KV voltage

13.8 KV voltage

23 KV voltage

34.5 KV voltage

Thousands
of km

316

9

Trading

Qualified supplier

Basic service supplier

Energy marketers

Supplier of last resort

Qualified Market
Participant User

Source: EY with information from CENACE and SENER.

End Users

®

®

®

Qualified Market
Participant User

68

41.9 milllon

4 N

Cannct partiCipate directly
In the WEM, but through &

Qss

Can sign contracts with
generators Enters into 2
corresponding agreement
with CENACE. Requires at
least TMW dgemand

\ J

Qualified User that
participates in the WEM

Has a minimun demand
of 5 MW and an annual
consumpuon of at least
20GWn

N J\

4 Y4

Users that are not
registered as Quaified

Users

Cannot participate in the

wem

Purchase thelr power

from BSS

\

Sup|?liers

(
®

[
®

®g®

Qualificd Supplier Basic Service Supplier Supplier of Last Resort
13 \J )

/

Purchases energy n the

WEu

<

Enters
agreement with CENACE

.

Sefz its energy t0 Qualdfied
ser

‘\

WO & CofTesponding

N\

agreement wan

(

with CENACE

N\

FONGNg agreement
" CENACE

¥,

© EDF Renewables / Mexico's WEM / Oct 2019 | 41



WEM Markets & Products: Not Fully Implemented

Short-term

Market

Hour Ahead 10-minute rolling reserve

10-minute non-rolling reserve

Capacity Market

Wholesale
Electricity
Market

CEL Market

Medium and Long-

term
Auctions

‘--
~ TEeDF

renewables

Ancilliary services

Supplementary spinning reserve
Annual — Ex Post

Supplementary non-spinning reserve

FTR Auctions

Three years

At least once a year starting in 2018

Power
Power

CEC © EDF Renewables / Mexico's WEM / Oct 2019
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Mexico: Generation Mix by Technology and Fuel

ECHNOLOGY %
Combined Cycle 36.50%
Conventional Thermal 17.00%
Gas Turbine 4.60%
Internal Combustion 1.00%
Coal 7.70%
Cogeneration 2.00%
Hydro 18.00%
Wind 6.80%
Geothermal 1.00%
Nuclear 2.30%
PV 2.60%
Biomass 0.50%
Total

~'~eDF

N

renewables

GW % TWh
25.6 51.00% 161.8
11.9 13.20% 41.9

3.2 2.70% 8.6
0.7 0.70% 2.2
5.4 9.20% 29.2
1.4 2.20% 7.0
12.6 10.20% 324
4.8 3.90% 12.4
0.7 1.70% 5.4
1.6 4.30% 13.6
1.8 0.70% 2.2
0.4 0.20% 0.6
70.1 317.2

Source: CENACE, PRODESEN

Installed Capacity by Fuel/Tech

Nuclear
Renewable 2.3%
10.9%

Hidro
18.0%

Fuels
68.8%

Generation by Fuel/Tech

Nuclear
Renewable 439

6.5%

Hidro
10.2%

Fuels
79.0%

© EDF Renewables / Mexico's WEM / Oct 2019
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Mexico’s Energy Infrastructure

National Electric System (Transmission) Gas Pipeline Infrastructure

—
/ Belice
L’\ Guatemala

N _ o, Honduras

i E— NATIONAL ELECTRIC svsrsm.
N Weros
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Developing Countries Present Unique Challenges to
Energy Market Design & Operation

Tension between intl
commitments /

Presence of large, pressure for low

incumbent Inefficient legacy

Lack of energy carbon economy and

political & economic
pressures against
costs of transition

infrastructure

players/former generating units
state monopolies

Affect valuing of

_ i Slows transition to Economics matter in
Resistance to market res.o'u'rces; incumbent lower fuel cost developing
entrance by private ut|I|.t|es may seek FO resources; affect countries and local
§ector; challenges to manipulate regulfs\tlon valuing of resources politics can hijack
independence of ISO to keep them n and price formation long term goals

operation
‘
~ TeDF

renewables © EDF Renewables / Mexico's WEM / Oct 2019 | 45



THANK YOU.

At EDFR, we attribute much of our success to the
opportunities we encounter in the confluence of
economic, environmental, and social forces.

Approaching these opportunities responsibly is the
lifeblood of our corporate culture.

connect

Laurie Fitzmaurice

VP Development

edf-re.com




APEXx 2019
PJM Market Challenges and Design

Tim Horger

Director - Energy Market Operations
PJM Interconnection LLC
APEx 2019 Conference

PJM©2019




Price Formation

Capacity Pricing

~

- -
~ \s S |
‘‘‘‘‘ N“,

challengefuture

N -~ -
s \s t
________

challeng

Carbon Pricing \

e
-

challe

efuture

1 @

nge

Future

PJM: Future Evolving Markets

Proper reflection of scarcity and valuing of
resources that can provide flexibility

Collaboration with states to accommodate
subsidies and portfolio initiatives while
ensuring integrity of the competitive
wholesale market

Advancing state policy to meet carbon-
reduction initiatives while ensuring
integrity of the competitive wholesale
market

PJM©2019




é/ Price Formation: Shift in Costs and Need for Change

100%

80%-

60%-|

40%

20%-

0%

Percent of Total Wholesale Cost

How can energy and reserve market prices
more accurately reflect the scarcity value of

@ Fhergy . .
electricity?

e Capacity
e Ancillary Services

How can the energy and reserve market
prices reflect the value of flexibility and

/— other useful resource attributes?

e —————
}—— i —

2006 2007 2008 2009 2010 200 2012 20013 2014 2005 2016 2017

*Proper price incentives and resource attributes achieved when cost recovery properly proportioned between different markets

PJM©2019




Subsidies and the Capacity Market

Programs that subsidizes can have harmful impacts on the
wholesale market

— Undermines competition

— New, more efficient, resources are kept out of the
market by maintaining uneconomic resources

ClearedCleared Supply Offers
Capacitfapacity

& A
(o)) (0]
3] o
L‘eg;_;
| -
—

Underbidding subsidized | ' '
resources MW

PJM©2019




~1
g N
€ h

State with No carbon
emission reduction
requirements

Carbon Pricing: PJM State Differences

V2,

/o

-
Carbon-Price Region

~ 8
A

S
Regional vs. Sub Regional \\‘i_' A
market mechanisms need
to be considered with
assurance of competitive
market structure

State with carbon
emission reduction
requirements

PJM©2019




British electricity markets: the case for change

Reflections from 20 years of self scheduling markets and implications for the future

Jason Mann
October 2019



GB electricity wholesale market developed in late 1990s...

® Went live in 2001 — extended in 2005

® Driving philosophy at time was to maximise use of markets

¢ Significant differences from US Standard Market Design model:
1. Self scheduling — electricity traded bilaterally ahead of real-time — participants schedule against contracted position
2. Large single price zone - intended to encourage liquidity in trading
3. System Operator was “residual balancer” — limited SO role — rather “the market would deliver wherever possible”

Stylised overview of GB market arrangements

Longer-term 11lam day ahead T-1h — gate closure T T+30 mins Ex-post\
e, timeline
Participant-to-participant trading i |: Participant-to-SO trading

Trading

Bilateral .
period

market Cash-out /
—-0TC Intra-_day B Hl  Balancing mechanism H imbalance
and trading Bl and ancillary services charges

forward i called
trades :

Introduced

in 2014 Ancillary service

Capacity market : contracts

F T I ...subsequently transposed into the European Target model
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objectives....

GB market has increasingly struggled to meet original design

GB generation stock

Q 120
Generation
. 100
Investment 50
no longer
.g 2 60
determined 20
o]
v 2
electricity o
market 2011 2012 2013 2014 2015 2016 2017 2018

® Other ® Nuclear © Coal ®Gas-CCGT = Renewables

Source: Energy Trends ET5.1 databook (2019)

Subsidy driven roll out of 30+GW of renewables

Limited investment in new thermal plant since 2010..
....and coal completely phased out by 2025

Concerns over security of supply and “missing money”

problem led to introduction of Capacity Market in 2014...

...but limited success, design issues, and still no new
CCGTs

All GB generation now relies on non wholesale market
revenues to be viable

System operator costs

= 1,400 -

System s 1,200 7

£ 1,000 -

Operator  EEFRWE

. - “—'o i

increasingly RSl

not EL 499

© © 200 -
“residual” H 0 ————————————
; E g g3 s3 2
in market [ S 9 93939 39 39 39 38 3 g g

N N N N, N, N N
Other balancing services B Transmission constraints

[

Source: National Grid System Balancing Reports (2019)

Roll out of renewables has increased need for SO to
procure more flexibility and balancing services...

...developed reasonably sophisticated commercial
mechanisms for procurement.

25 fold increase in costs of resolving congestion since
20083

Growing influence meant SO forced to become legally
separate in 2019 from transmission owner (to mitigate
perceived biases)

E T I’ ...comparable trends observed in other European countries
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Current GB market design may not transpose well from transmission
level into distribution level...

To mitigate congestion, GB has seen doubling of
transmission asset base (aka “copper plate”).....

12,000 -

=

§10,000 -

S 8000 -

o

Ll

> 6,000 -

=

& 4,000 -

2

§ 2,000 -

E 0 +———

w - N on <
O O O o
o O O O
N AN NN

2005
2006
2007
2008

Z 2009

m 2010

2 2011

< 2012

2013
2014
2015
2016
2017
2018
2019
2020
2021

...potential for huge roll out of renewables at distribution
level has potential to drive congestion and massive
network distribution investment programme

;150 >4x
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2
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Community Renewables
=====Steady Progression

Two Degrees
Consumer Evolution

have been easy...

With hindsight, market design at the transmission level might

... and to avoid repeating mistakes of past, new market design
solutions likely to be needed for the distribution level

Transmission

Distribution

# of assets to manage Hundreds Thousands (millions?)

# of new assets p.a. Few, large Many, small

Regulation Carefully Difficult to regulate + limited
planned experience of congestion mgmt.

Technical challenges

Low (losses)

High (losses, voltage limits &
reverse flow issues)

* Need for more granular locational price signals for
participants — possible need for DLMPs?

* Peer-to-peer trading seductive, but unlikely to work...

e ..therefore DSO unlikely to be “residual”, but will need to
co- optimise local reserves + energy - as per US style ISOs

* Technology to do “heavy lifting” decision making on behalf
of small players — no need for “super-engaged” consumers
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...and current institutional arrangements likely to need to change too, to mitigate
asset heavy” biases

|(l

natura

Current trajectory

Independent DSO

Market operator

ojojojojojo
(728 B2 B3 B2 B3 B
el21219191¢8
(=] K=1 K= E=2 =1 k=)
AHEHHHEHE
S EEEREE
Slclclolcl®
(%] o o (%] (%] (%]
o o o o o o
-l - - - -

Single DNO and DSO
* Responsible for
network planning,
scheduling

* Independent DSO —
responsible for network
planning and scheduling
DNO is network owner
and asset provider

* Market operator and

ESO

Independent market
operator / architect

Local DSO
Local DSO

network planner for
all distribution
networks

“All-seeing” SO

Integrated
independent ESO-
DSO

* Integrated ESO and
DSO

* Separate DNOs

Each local DNO would be
‘/ familiar with its own local
network configurations

Potential conflicts of interest I
between the DO and SO esp. |

on network planning

Requires a new function /
expertise

X

Independent DSO functions
as the aggregator of local
resources

Retains local knowledge of
system but not conflicted.

Risk of not knowing entire
system well enough and
therefore increasing
congestion costs (esp. if big
zones)

*< N X

Independent market
operator to establish rules
and direction for DSOs
“Centre of excellence” in
terms of local market design
and operation

Easier for national
optimisation

Complexity of a new entity
and new interactions
required

‘/ Single decision-maker —
avoids need to co-optimise
twice (see slide above)

/ Easier for national
optimisation

X Lacks local knowledge (and
potentially legitimacy —
could hamper planning and
consenting)
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Emerging market of the
future: system operator

perspectives

Frank Montiel
Executive Officer, Strategy and Markets




What has
changed

&)

Generation
and
demand mix

Weather
Impacting
supply and

demand

Operational
challenges

Falling
wind and PV
build costs and
increased gas

and coal
operating costs

Investment and
operating risks

Rate of
change



Future
trends

 Ageing power plants and reduced demand
growth

* Investment is required at the right place,
right time and right type

* Integrated System Plan found that the least-
cost replacement of thermal generation that
progressively retires can be met by an
efficient combination of:

* Renewable energy
 Energy storage (PHES and BESS)

 Backup supply and peaking gas-powered
generation

* Increased transmission to facilitate efficient
sharing of renewable energy, storage and
backup supply



Challenges » Technical limits and power system requirements

and * Valuing system services, flexibility and firming
s and creating efficient market-based mechanisms
OppOREIE for procuring and deploying

 Flexible and adaptable market and regulatory
constructs that respond quickly to changing needs

To maintain a secure * Integration of DER

fUPIﬂ'y of electricity » Managed generation exits and preserving
0 all consumers: reliability during the transition

« Facilitating transmission expansion identified in
the Integrated System Plan




Grid Connectss
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... The Energy Market of the Future:
- Challenges and Opportunities - Global Solution

. Provider’s Perspective
Ravi Pradhan, Siemens Digital Grid

Unrestricted © Siemens AG 2019 siemens.com



US Journey & Global Needs SIEMENS
....oystem Operators’ drivers and trajectories were different. lngenuity for Uife
Now, we intersect on the common point of Renewables & DERs

FERC, SMD, : Clean Energy Act, ___ _ igitalizati
Coal retirement, 2t/ Flexibility Services, D|g|talllzat.|on,
Energy & Reserves CC Plants Renewable St Distribution
Wholesale Market Penetration orage Operators, DERS

‘)

Private Equity

I IS S S S S S S S S S S S S S S S S S S




Market & Solution — SIEMENS
Valuationof Flexibility — “Highs” and “Lows” Ingenuity for life

Wholesale energy prices
40% high
priced
hours

200
175
: 150
= 125
' 100
15
50
m ==
SPP NYISO

CAISO ad spp
Source: LCG UPLAN-NPM simulation Source: LCG UPLAN-NPM simulation

20% low
priced
hours

&
g
3
5]
- o
g
T
o
&
X-.)
=
-
S
v
-
©
£
A
©
3
g

Annual Share of low-priced Hours (%)

Needs: flexible capacity and market valuation is the critical need.

" . Source: Impacts of High Variable Energy Futures on
Wholesale market solutions are available for use across the globe. Wholesale Prices and Electric-Sector Decision Making..
Market tariffs for adding products is slower than solution availability. Lawrence Seridoy fralioieltSelt S




Common Challenges — Solution Space SIEMENS

....System Operators’ need lngenuity for life

Table ES-1. Market Design Considerations Reviewed for Adequacy, Energy, and Ancillary Services

Adequacy Energy Ancillary Services

S ’ ! Dynamic reserve requirements
Scarcity pricing Dispatch resolution ( dary and tertiary r es)

Capacity markets More frequent markets Primary frequency response
Capabilities markets Ramp products System inertia

Capacity provision by ; gz
renewable resources Negative pricing Voltage control

Forecast integration Co-optimization

Dispatchable variable Ancillary service provision by
renewables renewable resources

:
it
*32

5

Figure ES-1. lllustrative view of 2 century power systems. NREL
Source: www.NREL.gov/Publications

Solution providers for System and Market Operations: Our investments are
predominantly in Optimization, Dispatch and Pricing of Energy & AS products.
Adequacy remains largely a political and regulatory issue that evolves slower.




Case Study

&> California ISO

Situation

« Solar generation in CA
has 10 fold increase in
5 years, and steep
ramping challenges in
evenings

» CC plants (shale gas)
replacing nuclear and
coal. (200 CC plants)

» Geographically very
large diverse renewable
potential across
western US.

» CAISO foot print grew
by 2 fold in 3 years in
Energy Imbalance
Market

Business Challenge

Operational
challenges due to
renewable influx

Nuclear and coal retired, Shale
gas (CC plants) increased

React to
network
contingencies,
generator
ramping issues

Utilize the vast
geographic
diversity of
renewables

Solution

Siemens Spectrum Power ™
EMM Solution

Siemens is partnering with
CAISO to create and
update a comprehensive
energy market
management solution to
accommodate renewables
into the grid and expand
the foot print

Short-term Benefits

Projects exact power
generation and demand
on the grid
interconnection

Greater insight
into the power
grid to monitor
generation and
demand across
large regions

el

Avoidance of
infrastructure
additions

SIEMENS

Ihg,eo\ui{y for (Xft

Long-term Benefits

Increase robustness of the
grid in spite of variable
energy resources

Make the senate bill
mandated on renewable
achievable

Access to a large
marketplace for local
renewables

EIM will generate millions in
cost savings ($736 million
between June 2019 and
November 2014 has been
achieved®)

*Source: www.WesternEIM.com April 2018




2X

electricity

consumption
by 2050

™ -
Decarbonization * s

and decentralization

.
>50% ¥
renewable ‘2\1\

annual energy
by 2035



Urbanization
and sustainability

70% 36%

of global of energy
population consumed by
will live in buildings

cities by 2050



SIEMENS

Iug,eb\ui{y for (A‘ff_

Transactive Energy System Approach
3-layer Market Structure

Transmission Transmission

. Market
itk System
Distribution Siemens Transactive Energy

Framework for Distribution-Level

Grid Local Market System

Feeder or ] Campus
Local Market Local Market Local Market Community

Substation (Feeder) (Substation) (Microgrid) City district

Industrial complex

[ ] Optional




Energy landscape within a transactive energy system

SIEMENS

Ihg,eo\ui{y for (Xfe.

Transmission Trading Platforms

»

»

TSO

A

/1ISO

3

DSO Trading Platform

v

A ?ssttnet;:tlon _____ _Constraints Distribution System Trading Distribution System
e y [ Platform Trading Platform
Operator I ~ A \
Microgrid Trading Constr%ints Bids and offers
Platform I Microgrid Trading Microgrid Trading
Platform Platform
?
Market Participants i} v 4Bids and offers} v v v v
Agent Agent Agent Agent Agent Agent Agent Agent
: Distribution Consumer Prosumer E-Car Commercial Aggregator Energy Producer
e System and Retailer
Operator Industrial

[ ] Optional

T

T
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Vote on which question to answer

What are the lessons learned Does price still matterin a In a world of ever changing
from the past that we candraw  world of low marginal cost operational needs and rapid
on to face changesin an resources? advancements in technologies,
effective manner? how do we ensure market

design stays flexible to meet
those changing needs?

Start the presentation to see live content. SUll no live content? install the app or get help at PollEv.com/app



Vote on which question to answer

How will the wholesale market Can wholesale market operators  If you had a blank sheet of paper to
straddle the need to integrate effectively co-exist with distribution  design tomorrow's market, what
distribution level assets on one hand system operators? would it look like?

with an opportunity to gain
efficiencies through increasing
footprints and harmonize market
design across different regions?

Start the presentation to see live content. SUll no live content? install the app or get help at PollEv.com/app



Vote on which question to answer

What is your vision on how to How do markets effectively Should the wholesale address
meet resource adequacy in the address the exit of non-economic  and include externalities? If yes,
future? What role will a capacity assets that provide other benefits how?
auction play in that future? (e.g. jobs, clean attributes)?

Start the presentation to see live content. SUll no live content? install the app or get help at PollEv.com/app
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EXPERIENCE AND THOUGHTS ABOUT
BRIGHT SPARK PROGRAM

Juan Pablo Avalos V.
Head of Research, Development and Innovation Department, National Electric Coordinator
APEXx Conference 2019
October 2019, Toronto, Canada



AGENDA

1 l About Chilean 1SO and
The National Grid

31 Bright Sparks Program

Coordinamos la Energia de Chile
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Energy Transition in
Chile
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AGENDA

1 l About Chilean 1SO and
The National Grid

| ! www.coordinador .cl |_!_ @coord_electrico I, -'J uuuuuuu |i£| Linkedin |~ Coordinamos la Energia de Chile COORDINADOR



: gH
NATIONAL ELECTRIC COORDINATOR (Chilean 1SO) i COORDINADOR

8 ELECTRICO NACIONAL
e
8

s

Independent technical organization in charge of the operation of the national
grid and the energy market

v Responsible for ensuring a secure, reliable and economic energy supply

v Guaranteeing open access to the transmission systems.

Annual budget around US$ 50 Million and 300 employees.




OTHER FUNCTIONS i  cooRoiADOR

1 Wholesale energy, capacity & ancillary service markets | Critical analysis of the grid and market
‘/” : operation performance.

2 Long-term planning proposal for transmission expansions

3 International bidding process for transmission projects

Incorporation of new technologies to
system as well as to our processes

aan
Share knowledge and experiences with
others ISO/TSO and R&D Centers

4 Market competition monitoring

9 Promote innovation and R&D

www.coordinadorelectrico.cl




ELECTRIC SYSTEM - 2018

Installed Capacity Evolution [MW]

25,000

20,000

1
National Grid

15,000

= Thermal
=
10,000
Hydro
5,000
0
o i o~ m < un w ~ [o,0] (o)) o - o~ m < un w ™~ (o0]
O O O O © O 00 00 0 O oo = = = = = <« = =
e O C B O O 6 a oo o o o 00 6 686 0o o o D
o~ o~ o~ ~ ~ o~ (] o~ o~ ~ ™~ ~ o~ ~ ~ ~ ™~ ~ o~
B Hydro M Coal MDiesel Gas M Others mSolar mWind B Geothermal
Installed Capacity: 24,622 MW Peak Demand: 10,626 MW

Energy growth: 3.1% Transmission Lines: 33,854 km

3,100 km

www.coordinador.cl



AGENDA

1 | About Chilean TSO and
The National Grid

Bright Sparks Program

I:E www.coordinador.cl ||:E: @coord_electrico | @ YouTube| @ L|nkedin| Coordinamos la Energia de Chile

2

Energy Transition in
Chile

81

rrrrrrrrrrrrrrrrrrrr



Fast increase of wind and solar energy in Chilean Electricity

System
10000 A

9000 |_
8000
7000

6000

5000 I
4000 : i iP I
3000 ; : | |
200 =

' B
100 =3 .

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2022 2024

Installed Capacity MW

L T - |

o=

pa Wind = Solar

Fuente: Plan de Expansion de Transmision, Obras comprometidas, 29 de diciembre 2017, CNE

@ www.coordinador.cl |@ @coord_electrico | [!j YouTube| @ Linkedin| Coordinamos la Energia de Chile
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Need of More Flexibility

Operation day expected, Summer day - 2021 year

12000
11000
z 10000
=
2 9000
=
a
—
£ 5000
Deep and
2000 Fewer resources to provide large ramp
Inertia, Frecuency and ¢ ra/te _
Voltage Control [MW/min]
6000

1 2 3 45 6 7 8 9101112131415161718192021 222324

Net Demand 7 Solar s wind Demand



National Grid Flexibility Sources

FLEXIBLE
GENERATION

Large Scale
Hydropower
Plants

And CCGT

TRANSMISSION

Grid Resiliency

CONSUMERS

Demand Side
Management

INTERCONNECTIONS

Argentinean Power
System
~200 MW AC

MARKETS

JAncillary Serviceq
Market

INTEGRATION WITH
OTHERS SYSTEMS

Gas, transport, other:




Hydrology Variability

Wettest year (1972/73) Annual Energy_ of Hydro Inflow [GWh]
Period 1960-2019

40,000 i
! Driest year
35,000
’ (1998/99)
30,000
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Last 6 years (2013-2019) were
the driest in the past 60 years

= - = = 85 | coomomanon
[r www.coordinador.cl |[!} @coord_electrico [:\ YouTube “E Linkedin [ Coordinamos la Energia de Chile



Fast Increase of Distributed Energy Resources

Installed Capacity Evolution
Distributed Generation up to 9 MW

1200
1000 Government
Announcements for 2018-
200 2022 period:
2 600 - Increase by 4 times the
capacity of small
400 generation (<300kW).

200 - Increase EV penetration
. l I I by 10 times.
0

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020(*)

B Hydro M Thermal ™ Wind Solar
(*): Projects under development
@ www.coordinador.cl | @ @coord_electrico | @ YouTube| @ Linkedin| Coordinamos la Energia de Chile
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Decarbonization Plan

Decarbonization Plan based on plants

Installed ||fet|me Annual Coal
Capacity [MW] Generation [MWh]
5000 40000
4500 35000
4000
30000
3500
3000
2500 20000
2000 15000
1500
10000
1000
500
0 0
2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040
=== Annual o Installed —e= Annual Mean . . ——

LLLLLLLLLLLLLLLLLLLL

@ www.coordinador.cl |@ @c Generation CapaCIty Generation



To sum up: the Chilean market and
system operation is changing rapidly

.q-
W l

- —
. =
»
b
-

£ — \

= Innovation is key to take agile decisions under
uncertainty and to keep a reliable system and
affordable power market during the energy
transition

_—a



COORDINADOR

ELECTRICO NACIOMNAL

G INNOVATION MANAGEMENT

a RELATIONSHIP WITH MARKET PARTICIPANTS, R&D CENTERS, ISO/TSO

INNOVATION IN THE ENERGY TRANSITION i

a MARKET TOOLS AND MODELS IMPROVEMENTS
° PILOTS PROJECTS

www.coordinadorelectrico.cl



INNOVATION IN THE ENERGY
TRANSITION

INNOVATION MANAGEMENT

o
L]

COORDINADOR

ELECTRICO NACIONAL

@ Internal assessment

@’j Innovation Challenges through Design Thinking methodologies:

) Power System Resilience
) Distributed Energy Resources
Energy Data Management

-/ New Business Models in Distribution Sector

www.coordinadorelectrico.cl



INNOVATION IN THE ENERGY
TRANSITION

a RELATIONSHIP WITH MARKET PARTICIPANTS, R&D CENTERS, ISO/TSO

@j Assessment of ancillary services capacity of a 110MW solar power plant
(First Solar and R&D Center ENGIE Laborelec )

o
L]

COORDINADOR

ELECTRICO NACIONAL

@j Research project for determine competition conditions in Ancillary Services
Market

@ Research Projects Sponsorship:

() Modelling Energy Storage Systems in Long Term
Optimization Models

i

() Develop of a Synthetic Inertia Optimal System to Wind
Power Plants

Ji

). . )
\—/ Wind Forecasting Systems



INNOVATION IN THE ENERGY TRANSITION

COORDINADOR

ELECTRICO NACIONAL

MARKET TOOLS AND MODELS IMPROVEMENTS

@ Wind and Solar Centralized Forecasting through an ooptimal combination of
different forecast sources (Machine Learning).

@ Improve of hydro Inflow forecasting, through basin physics model and
numerical weather models

Upgrade of the hydrothermal coordination optimization model to

@‘ represent flexibility requirements and the hydrology uncertainty
representation

@ Market platform for short-term bidding process of ancillary
services

@ Real Time Simulation Lab (RTDS)



INNOVATION IN THE ENERGY :
TRANSITION

o
L]

COORDINADOR

ELECTRICO NACIONAL

° PILOTS PROJECTS

@ New approach to communication systems amongst Control Centers after disasters.

@j Data management and real time monitoring of generation plants up to 9 MW.

@j System faults characterization through machine learning

@‘ Blockchain (Fuels Declaration and RE Certificates)

@ Ancillary Services from Demand Side Response

www.coordinadorelectrico.cl



AGENDA

1 | About Chilean TSO and
The National Grid

3 | Bright Sparks Program

I:E www.coordinador.cl |@ @coord_electrico | @ YouTube| @ L|nkedin| Coordinamos la Energia de Chile

Energy Transition in
Chile
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o
WHAT THE BRIGHT SPARK PROGRAM DOES REPRESENT?  * C00RDINADOR

0 Valuable recognition for my work and career at the Chilean 1SO.

& g a0 o
@ We are going in the correct direction. .

@ Global vision and the opportunity for learning best practice-é from APEX
members and the others Bright Spark.

This recognition is a result of a support network: the family, friends and
workmates.




EXPERIENCE AND THOUGHTS ABOUT
BRIGHT SPARK PROGRAM

- COORDINADOR
ELECTRICO NACIONAL

THANKS FOR YOUR ATTENTION

Juan Pablo Avalos V.
Head of Research, Development and Innovation Department, National Electric Coordinator

APEXx Conference 2019
October 2019, Toronto, Canada



Who ultimately makes a market successful?

Market Policy Maker Regulator Investors Buyer/Customers
Designer/Operator

Start the presentation to see live content. SUll no live content? install the app or get help at PollEv.com/app



What is most important to the consumer?

Affordable

Reliable Environmentally All of the above
Conscience

Start the presentation to see live content. SUll no live content? install the app or get help at PollEv.com/app

Different for
different
consumers



Which technology will be the most disruptive?

PV
Technology

DER DR Storage

Start the presentation to see live content. SUll no live content? install the app or get help at PollEv.com/app

None of
these, just
pace of
transition



O
id you think the way Bright Sparks were presented - separated spotlights for each speaker & th&®
Bright Sparks Alumni panel - was effective?

1-notat 2 - mostly 3 - neither 4 - 5-very
all ineffective effective somewhat effective
effective or effective
ineffective

- Start the presentation to see live content. SUl no live content!? install the app or get help at PollEv.com/app .



Did you think that the interactive workshops were effective?

1-notat 2 - mostly 3 - neither 4 - 5-very
all ineffective effective somewhat effective
effective or effective

ineffective

Start the presentation to see live content. SUll no live content? install the app or get help at PollEv.com/app



Did you think that the virtual panel - conducted through video conference was effective?

1-notat 2- mostly 3 - neither 4 - 5-very
all ineffective effective somewhat effective
effective or effective
ineffective

Start the presentation to see live content. SUll no live content? install the app or get help at PollEv.com/app



