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HABLEMOS DE REGULACION
Empecemos por los retos...



“Pour ce qui est de I’ avenir, il ne s” agit pas
de le prévoir, mais de le rendre possible”

Antoine de Saint Exupéry

“En cuanto al futuro, no se trata de
predecirlo, sino de hacerlo posible”



La regulacion debe estar alerta
ante las grandes tendencias de
cambio
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Vil World Forum on Energy Regulation (VIl WFER)
Concept Paper

Regulating in a time of Innovation:
Empowered consumers, dynamic markets and sustainable infrastructure

Introduction

1. In March 2018, Mexico will host the seventh edition of the World Forum on Energy Regulation
(VIl WFER) in the Riviera Maya-Cancun. This Forum takes place every three years under the
framework of the Intemational Confederation of Energy Regulators (ICER). Among ICER's
members are over 200 regulatory authorities, represented by national and regional associations.

2. Mexico’s Energy Regulatory Commission (CRE, by its Spanish acronym) will be the host of this
edition that expects over 800 attendees from all over the world. We have chosen the Riviera
Maya-Cancun, located in the Yucatan Peninsula, as the Forum's venue. This fascinating
destination is the cradie of the Mayan civilization. Its symbolic value lies in the scientific
contributions of the Mayan culture, which helped shape the worid as we know it today.

3. This setting is ideal because the key topic of the Forum will be the disruptive innovations across
the value chain, which are cumently transforming the fundamentals of the energy industry at the
same time that are empowering consumers across the board. As a result, global energy
dynamics are evolving faster than ever and we are moving towards a user-centered industry.
As energy regulators, we must address this global trend and discuss how to swiftly and
efficiently adapt to our sector's new reality.

4. The main objective of the Forum is to see in a new light the forefronts of regulating in a time of
innovation, using the following three pillars: 1) empowered consumers, 2) dynamic markets and
3) sustainable infrastructure.

Empowered consumers

5. A bottom-up movement driven by consumers and urbanization is shaping the provision of
modem energy services. Urbanization and the “Age of Hyper-connectivity™ are increasing the
number of consumers and affecting their habits and lifestyles. Digital innovation is altering
prices, monitoring processes, automating energy and water services alike. Consumers have
more options and regulators need to understand them to provide timely and accurate information
to include them in the regulatory processes.
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Ruta Energetica
2018-2022

LIDERANDO LA MODERNIZACION
CON SELLO CIUDADANO



“Los cambios en el desarrollo del sector que vendran de la mano de
los avances de la ciencia y tecnologia no se daran solos. Debemos
estar a la altura de los tiempos y hacer el esfuerzo necesario para
sumarnos a esta tendencia modernizadora, despejando y
preparando el camino para aprovechar las nuevas oportunidadesy
soluciones ligadas a la innovacion y desarrollo tecnologico, como
son las nuevas fuentes de generacion eléctrica, la generacion
distribuida y las alternativas de almacenamiento, |la
electromovilidad, la gestion de la demanda energética y un
sinnumero de opciones que estaran al servicio del progreso
economico y social del pais.”

Fuente: "Ruta energética”. Chile, 2018.






Veamos cuales son esas
tendencias de cambio en el sector
en el ambito mundial



Davos Economic Forum: Transformation Maps
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Descarbonizacion de la electricidad
Electrificacidon de la economia
Descentralizacion

Digitalizacion

Regionalizacion

Acceso universal
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El cambio climatico



2016 es el ano mas calido registrado,
seguido por 2017 y superando a 2015

NASA's Analysis of 2016 Global Temperature
K .I//'
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Jan. 18, 2017
RELEASE 17-006

NASA, NOAA Data Show 2016 Warmest Year on
_ Record Globally




El impacto sobre el nivel del mar



Antarctica’s ice is melting three
times faster than we thought

The rate of Antarctic ice melt has tripled in the past five years, with more than 200
billion tonnes of ice flooding into oceans annually, according to new research

Source: Nature, June 2018
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Scientists know that the melting of
Greenland is accelerating. ASE]@
temperature rises;:large Iake-§ férm
on the surface of the ice, which:in
turn create a network of rivers.

Greenland is melting away. NY Times 2015-10-28
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_Gree-nland IS melting away. NY Times 2015-10-28
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Greenland IS meltlng away. NY Times 2015-10- 28




Patagonia is melting away. CBC News. Dec 02, 2015




La necesidad de resiliencia de las
infraestructuras



La resiliencia del sistema eléctrico ha pasado a

ocupar una atencion preferente

Hurricane Sandy, USA, November 2012.




La resiliencia del sistema eléctrico ha pasado a
@cupar una atencion preferente

Hurricane Maria, Puerto Rico, USA_,_ September 2017
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El sector energetico adquiere
una importancia critica...



Porcentajes estimados de gases de efecto
Invernadero de origen antropogénico *

Others*
14%

Agriculture
11%

Industrial
processes

% N,O 1%

* Others include large-scale biomass buming, post-burmn decay, peat

decay, indirect NoO emissions from non-agricultural emissions of NO, and
NHj, Waste, and Solvent Use.

Source: based on IEA estimates for CO, from fuel combustion and

EDGAR 4.3.0 and 4.3.2 for non-fuel combustion CO, and 4.2 FT2010 for
all other sources; for 2010; based on 100-year Global Warming Potential
(GWP), see online documentation file.

Source: IEA, “Key CO2 emissions trends”, Oct. 2016



Y el sector eléctrico es clave para conseguir una
economia descarbonizada

Figure 1: EU GHG emissions towards an 80% domestic reduction (100% =1990)

100% 100%
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60% 60%
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20% 20%
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0% - 0%
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Source: “A Roadmap for moving to a competitive low carbon economy in 2050, EU
Commission (DG Climate), COM(2011) 112 final, March-8-2011



La Agencia Internacional de la Energia ha
estimado las actuaciones necesarias en relacion al
“New Policies scenario” para mantener una
probabilidad de 2/3 de no sobrepasar 2°C

Technologies Regions

) - | _ .~.
9 New Policies Scenario Efficiency 8
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Renewables . 30
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0 I T T T 1 ] 1 0
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Note: The New Policies Scenario reflects the implications for the energy sector of the NDCs of the Paris Agreement.

Key message ® G20 countries provide almost three-quarters of the emissions reductions in 2050 between
the 66% 2°C and New Policies Scenarios.



10 MEGA COMPROMISOS

Levantar un mapa de wvulnerabilidad energética

del pais, identificando a las familias que no cuen-
tan con electricidad y otros servicios energéticos, con
miras a acortar las brechas existentes.

2 Modernizar la institucionalidad energética para
aumentar la eficacia gubernamental y prestar un
mejor servicio a la ciudadania, en particular de 3 Su-
perintendencia de Electricidad y Combustibles y de la
Comision Chilena de Energia Nuclear.

Reducir en un 25% el tiempo de tramitacién am-

biental de los proyectos que se acojan al Plan
+Energia, respecto a los plazos registrados en los al-
timos cuatro anos.

4 Alcanzar cuatro veces la capacidad actual de ge-
neracion distribuida renovable de pequena escala
(menor a 300 KW) al 2022.

5 Aumentar en al menos 10 veces el nimero de
vehiculos eléctricos que circulan en nuestro pais.

6 Modernizar la regulacion de la distribucién eléc-
trica mediante un proceso participativo, de ma-
nera que se permita recoger las nuevas realidades del

sector energético y faciliten su implementacion, en
forma eficiente y competitiva.

Regular los biocombustibles sélidos como la lefia

y sus derivados, otorgando al Ministerio de Ener-
gia las atribuciones necesarias para establecer espe-
cificaciones técnicas y el reglamento de aplicacion
para la comercializacion de |a lefia en zonas urbanas.

Establecer un marco regulatorio para la eficien-
8 cia energética que genere los incentivos necesa-
rios para promover el uso eficiente de la energia en
los sectores de mayor consumo (industria y mineria,
transporte y edificaciones), y crear una verdadera cul-
tura energética en el pas.

9 Iniciar el proceso de descarbonizacidén de la ma-
triz energética a través de la elaboracién de un
cronograma de retiro o reconversion de centrales
a carbon, y la introduccién de medidas concretas en
electromovilidad.

1 0 Capacitar a 6.000 operarios, técnicos y pro-
fesionales, desarrollando competencias y ha-

bilidades en la gestion y uso sostenible de la energia,
en el sector eléctrico, de combustibles y de energias
renovables, certificando al menos a 3.000.
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Transicion energeética

CAMBIOS EN LA EXPANSION DE
CAPACIDAD DE GENERACION



PERSPECTIVES
FOR THE ENERGY
TRANSITION

Investment Needs for a
Low-Carbon Energy System

IEA & IRENA, 2017




Frankfurt School
I } FS UNEP Collaborating Centre
te & Sustainable Energy Finance

GLOBAL TRENDS

IN RENEWABLE
ENERGY
INVESTMENT
2017




La generacion renovable ya
domina la tendencia actual de
las nuevas inversiones en
generacion



FIGURE 24. NET POWER GENERATING CAPACITY ADDED IN 2016
BY MAIN TECHNOLOGY, GW

Renewable ex large
h" d.’f‘-‘ 1 3-.:'!

Source: Bloomberg New Energy Finance



FIGURE 13. GLOBAL NEW INVESTMENT IN RENEWABLE
ENERGY BY REGION, 2016, $BN

AMER (excl. US &
Brazil) 6.1

China, /8.3

New investment volume adjusts for re-invested equity.
Total values include estimates for undisclosed deals

Source: UN Environment, Bloomberg New Energy Finance



THE GLOBAL
RENEWABLE ENERGY TRANSITION

of the REN21
Renewables 2018

Global Status Report
in perspective




Inversiones en generacion renovable en 2017

Gl OBAl INVESTMENT 2017

GLOBAL NEW INVESTMENT IN RENEWABLE POWER AND FUELS, BY COUNTRY OR REGION, 2007-2017
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Inversiones en generacion renovable en 2017

Gl OBAl INVESTMENT 2017
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Inversiones en generacion renovable en 2017

Gl OBAl INVESTMENT 2017

GLOBAL NEW INVESTMENT IN RENEWABLE POWER AND FUELS, BY COUNTRY OR REGION, 2007-2017
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Inversiones en generation renovable en 2017

North America

Capacity 348 GW
Global share 16%
Change +16 GW
Growth +4.9%

Central America

and the Caribbean

Capacity 14 GW
Global share 1%
Change +0.4 GW
Growth +2.9%

South America

Capacity 202 GW
Global share 9%
Change +9.0 GW
Growth +4.7%

Europe

Capacity 512GW
Global share 24%
Change +24 GW
Growth +4.8%

Middle East

Capacity 20 GW
Global share 1%
Change +0.9 GW
Growth +5.0%

Africa

Capacity 42 GW
Global share 2%
Change +3.5 GW
Growth +9.2%

Eurasia

Capacity 96 GW
Global share 4%
Change +4.9 GW
Growth +5.4%

Asia

Capacity 219 GW
Global share 42%
Change +106 GW
Growth +13.1%

Oceania

Capacity 27 GW
Global share 1%
Change +1.5GW
Growth +5.9%

For the complete dataset see: IRENA (2018), Renewable capacity statistics 2018, available at: www.irena.org/publications.




Inversiones en generation renovable en 2017
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UTILITY-SCALE SOLAR DEPLOYMENT AND COST
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ONSHORE WIND DEPLOYMENTAND COST
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Subastas solares (2013-2016)
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Objetivos de
energias
renovables en
Ameérica Latina

Fuente: IRENA (2015)
Energias Renovables
en América Latina

Objetivo de energias renovables

Argentina «  B%de |3 generacion de electricidad en 2016
= 50% de la generacion de electricidad
Belice = 15 MW adicionales en hidroeléctricas en 2033

- 5 MW de generacion a partir de residuos sdlidos

. 183 MW de capacidad renovable en 2025

Bolivia »; Aumento del 10% de la energia renovable en el mix en 5 afos
« 120 MW en geotérmica

- 42 5% del suministro de energia primaria en 2023

Bret . 86,1% de la matriz de generacion de electricidad en 2023
Ehiia . 20% de la generacion de electricidad en 2025
= 45% de la nueva capacidad hasta 2025
Colombia = 6.5% de |a electricidad en 2020, excluidas las grandes hidroeléctricas
Pk i «  28,2% de la energia primaria en |a década de 2020

. 97% de la electricidad en 2018

. 90% de la electricidad en 2017

Ecuador - 4.2 GW en hidroeléctrica en 2022

= 277 MW de otras fuentes distintas de la hidroeléctrica en 2022

. En 2026: edlica 60 MW, solar PV 90 MW, térmica solar 200 MW, geotérmica 60-89 MW, pequefias hidroeléctricas
(<20 MW) 162,7 MW, biomasa 45 MW y biogas 35 MW

= B60%de la electricidad en 2022
Guatemnala = 80%de la electricidad a largo plazo
«  500MW alargo plazo

El Salvador

Guyana . Objetivo CARICOM: 20%, 28% y 47% de la electricidad renovable para los afos 2017, 2022 y 2027 respectivamente
. 60% de la electricidad en 2022
Honduras » 80% de la electricidad en 2034

*  25% mas de hidroeléctrica en 2034
“ Energia limpia" 24,9% en 2018, 35% en 2024, 40% en 2035 y 50% en 2050

México . En 2018:13 030 MW en hidroeléctrica, 8 922 MW en edlica, 1 018 MW en geotérmica, 748 MW en bioenergia y 627 W
en solar
Nicaragua = 94% de la electricidad en 2017
Panama = 706 MW en hidroeléctrica en 2023
Peri . 6% de generacion de electricidad en 2018 (excluyendo hidroeléctricas)
eru

. 60% de generacion de electricidad en 2018 (incluyendo hidroeléctricas)

Surinam . Objetivo CARICOM: 20%, 28% y 47% de la electricidad renovable para los anos 2017, 2022 y 2027 respectivamente
«  50% de la energia primaria en 2015

= 90%de la electricidad en 2015

Venezuela « 613 MW adicicnales de capacidad de electricidad renovable en 2019, de los cuales 500 MW son energia eclica

Uruguay

'La «energia impia» incluye Ias energias renovables, Ia cogeneracion, fa energla nuclear, fos combustibles fdsiles con CAC, y wolfras
tecnologias con poca emision de carbonos.




Transicion energetica

CAMBIOS EN LA OPERACION DEL
SISTEMA



... cuando el despacho
tradicional de generacion tiene
que acomodar importantes
cantidades de generacion
eolicay solar...



The Council of European Energy Regulators




The Council of European Energy Regulators

“A first step 1n order to enable demand side flexibility to
participate 1n energy markets 1s to accept flexibility
resources in the full range of energy markets and

treat them on an equal basis with existing resources.

The consumer should have access to the best demand side
flexibility offers available and to the service providers of
their choice. Aggregated load should be legal,
facilitated and enabled in all markets. Aggregators
and suppliers should have the same ability to extract the
value of flexibility services on behalf of their customers.”



Las generadoras eléctricas de Chile
quieren aumentar la participacion de
renovables asriws, 2018 prLAR siNcHEZ MOLINA

* Los temas en discusion
— Establecer un despacho vinculante

— Recuperacion de costos fijos de operacion, como
los de arranque y detencion

— Co-optimizacion de energia y reservas, en base a
costos declarados

— Causalidad en la asignacion de costos de reserva

— Debate sobre como incentivar la contribucion de
generacion flexible
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Electrificacion de la economia

 Electrificacion del transporte

 Electrificacion de la climatizacion de los
edificios y del cocinado

 Integracion con otros sectores

* Los correspondientes retos y
oportunidades

62



Electrificacion del transporte



2ero Emission

The batteries of the 4 million electric vehicles sold in the world in 2010-2015 could store
128 GWh, enough to store all solar production in Germany in a typical summer day.




Electric vehicles in the 2016 IEA New Policies

Million vehicles

Scenario
150 100% m Other
W Southeast Asia
120 80% M OECD Asia Oceania
M India
90 © 60% B OECD Americas
M European Union
" ¥ China
60 o 40%
© BEVs share of global EVs
(right axis)
30 20%

2015 2020 2025 2030 2035 2040

Electric vehicles will grow from 1,3 million in 2015 to over 150
million in 2040, which still is only 8% of the 2040 vehicle fleet



Calidad del aire en las ciudades



Contaminacion
del aire de
Ameérica Latina

Medida de la cantidad
del aire en tiempo real

Brasil

http://aqgicn.org/map/latin
america/es/







Electrificacion de la climatizacion
de los edificios y del cocinado



... los sistemas eléctricos cada
vez estan mas integrados con
otros sectores y con
infraestructuras criticas...



Fuels. Lubricants

Fuel Transport, Shipping
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Source: US Quadrennial Energy Review, 2017
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R,

SN e g N e
. - = - Electricity
Digitalization in Eloctricdy/O o —~ ,
Iormation A \
M \\ . WM

\ 3

Regionalization of

Electricity Markets
Infrastructyes

: \ /
\ /
o \ // '
o : Electrification ofthe . g,

Universal AcoessO e 0 O Bt %n"‘-u.

R PN

© World Economic Forum



Descentralizacion

* Incorporacion de los recursos
energeticos distribuidos

* Preferencias de los consumidores

 Hacer posible la compania eléctrica del
futuro

73



Una parte importante de las
nuevas inversiones en
generacion son recursos
distribuidos...



La “soleada’” Alemania




Cambiar la perspectiva “de arriba hacia abajo”...

Power Station

Power Transformers =]

© GENERATION

© TRANSMISSION

Transmission
Substation
Distribution
Substation
(& COMMERCIAL & INDUSTRIAL @ DISTRIBUTION
BUSINESS CONSUMERS -

GDISTRIBUTION
AUTOMATION
DEVICES

-t

@ RESIDENTIAL CONSUMERS




.. por otra sin dominancia de lo “centralizado” sobre

lo “distribuido”

DES and DER

77




Hay diversos tipos de recursos
energeticos distribuidos...






... Incluyendo a los contadores avanzados

13 Global Smart Meter Installations

As expected, China continued to lead the global smart electric meter market through
3Q 2016 as the country approaches the tail end of its nationwide rollout. With upwards of
348 million smart meters at the end of 3Q 2016, China accounted for 67.1% of tracked
global installations. North America and Westem Europe followed at 13.8% and 12.9%,
respectively, with the rest of Asia Pacific trailing at around 4.8%. The remaining regions
accounted for only 1.5% of tracked smart meter installations.

Chart 1.1 Installed Smart Meter Base by Region, World Markets: 3Q 2016

Latin America Eastern Europe 0. 1i1e East
0.8% 0.4% "’;’ mf”
Rest of Asia Pacific m
4.8% .

China
67.1%

Note: Tracked projects only.
(Source: Navigant Research)



Los recursos distribuidos se
pueden instalar en poco tiempo

81



Consumidores e inversores responden a las sefales
economicas... y pueden hacerlo muy rapido!

Growth in the Italian PV Market, MW
20000

18000
16000
14000 200X growth
12000 in 6 years
10000

8000

6000

4000

2000 I

0 = [l

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015




La utilizacion de recursos distribuidos
puede ahorrar inversiones en otras
infrastructuras eléctricas

83



Los recursos distribuidos
proporcionan un nivel de
eleccion a los consumidores sin
precedente, para que manifiesten
sus preferencias...



Elegimos la




teléfono...



... 0 el portatil...



... asi como el
modelo de coche...




... aunque solo sea para lucirlo...

T=E50LMA MODELS MODELX MODEL3 ENERGY CHARGING UPDATES SUPPORT FINDUS SHOP MY TESLA

LN

Powerwa” Solar Panels Powerwall Solar Roof Commercial Utilities




... ahora disponemos de las tecnologias que nos
permiten controlar nuestro uso de la energia

USER INTERFACE D

STORE DATA

MANAGE BATTERY \
PEAK SHAVING

ENERGY EFFICIENCY
TIPS

OPEX
OPTIMIZATION

CAPEX
OPTIMIZATION

\



MIT Energy Initiative

UTILITY OF
THE FUTURE

An MIT Energy Initiative response
to an industry in transition

In collaboration with IIT-Comiliss COMILLAS
T




1

“Create a comprehensive & efficient
system of prices & charges”

The only way to put all resources —
centralized & distributed— on a level
playing field and achieve efficient
operation and planning in the power
system is to dramatically improve prices
and regulated charges for electricity

services.

92



2

“Enhance distribution requlation”

The regulation of distribution utilities
must be improved to enable the
development of more efficient &

innovative distribution utility business

models

93



3

“Rethink industry structure to minimize
conflicts of interest”

The structure of the electricity industry
should be carefully evaluated to minimize
potential conflicts of interest

94



A

“Allow DERs participate in wholesale
markets”

Wholesale market design should be
improved to better integrate distributed
resources, reward greater flexibility, and

create a level playing field for all
technologies

95



Some DERs can only be deployed at a specific
scale level...

HOME FAN sverem weng

Frl Jul 26, 2013 INDOOR

e o8

80 !55 Humidity |  45% Humidity

QTATUS
cool mode | following schedule




... While others can be deployed at
different scales

Utility
Scale

C&l Scale

Residential
Scale
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O

“Carefully evaluate the economic
opportunities and costs of DERs”

Better utilization of existing assets and smarter
energy consumption hold great potential for
cost savings.

Economies of scale still matter, and the
distributed deployment of solar PV or energy
storage is not cost-effective in all contexts and
locations

98



Retos regulatorios

Remuneracion de la distribucion en presencia de
“Distributed Energy Resources (DER)”

Diseno de tarifas: precios de energia, cargos dered y
otros costes regulados

Separacion de actividades: propiedad de la red,
operador de la distribucion, comercializador

Propiedad de los recursos distribuidos
Solar y almacenamiento: énivel distribuido o utility?

Participacion de los recursos distribuidos en |a
operacion y expansion de capacidad de distribucion

El rol de los agregadores



DIGITALIZATION
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Digitalizacion

» Supervision y control de la operacion del
sistema eléctrico

* Creacion de nuevos modelos de negocio

» Cambios en las compainias eléctricas
tradicionales

 Ciberseguridad

101



Supervision y control del sistema
eléctrico



REE (Espana) Centro de control nacional
(véase al fondo el centro de control de la generacion edlica)
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REE (Espana) Centro de control nacional y Centro
satélite de Iberdrola para la generacién eélica

All wind farms above 10 MW have to be connected to a satellite Control Center

Satellite Control Centers are in charge of switching operations in the facilities

Satellite Control Centers report to The National Control Center

* There are currently 14 Control Centers for wind energy in Spain



Nuevos modelos de negocio



Nuevas companias de servicios

EnerNOC - Get More from Energy: http://bit.ly/2trZW38



Controladores inteligentes

Programs itself.
Then pays for itself.

EE S5 EEE 5




Companias expertas en comportamiento

humano
o P L',_')w E R Products Why Opower Clients Resourc o5 Company

Elevate your customer experience
Make the key moments count with Opower's customer engagement platform

SEE WHAT WE DO REQUEST A DEMO

ﬁ
/S A

Oracle Buys Opower

LEARN MORE

A customer engagement platform
tailor-made for utilities

UtilityCo
+" Raise salisfaction and loyalty
et type of hetre oo yo4 Sem it «" Manage energy demand
g o E «" Lower service costs
Compsars your bill E
| i yw l4 +" Unlock new revenue
itgle Lty here Agiarteran | Conge
Fizena Eiteipy
- e
= D
$81 873 g %

Alex Laskey: How behavioral science can lower your energy bill: http://bit.ly/Mo8pe1

Opower's Behavioral Demand Response Solution: http://bit.ly/2tn3t2l



Venta de solar y bateria integrados

« C | @ www.ikea.com/gb/en/ikea/solar-panels/ Q ¥
IKEA FAMILY IKEA for Business Customer Services Store Locator
L]
Products v Rooms Vv Ideas About IKEA Q Search
home » [KEA > IKEA home solar panels and battery storage
Built-in solar Battery Storage Estimate your home solar savings
A great-looking system that Store the energy you produce and
blends in beautifully. use it whenever you like. Enter your postcode
Want to add a battery to your
existing solar system? Include battery storage?  No ) Yes

Register your interest

15% off for IKEA
FAMILY members

Powered by Solarcentury

We've teamed up with Solarcentury, the UK's leading solar company; a
partnership that can be trusted to deliver the best value solar solutions
on the market.




Cambios en las companias
eléctricas tradicionales



* "E.ON's existing broad business model can no
longer properly address these new challenges,"

Chief Executive Teyssen

New corporate strategy: E.ON to focus on renewables, distribution
networks, and customer solutions and to spin off the majority of a
new, publicly listed company specializing in power generation,
global energy trading, and exploration and production



REGIONALIZATION OF MARKETS
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Regionalizacion de mercados
 Expansion geografica
 Busqueda de un mejor diseno del

mercado
* Planificacion, construccion y utilizacion
de la infraestructura de transporte

113



... los sistemas electricos
se extienden y se integran
mas y mas lejos...



Los “power pools” se inventaron en los EEUU y
Canada en los anos 1970s y mas tarde se
convirtieron en mercados regionales

Alberta Electric

Ontario Independént i
Electricity System Operator

System Operator Midwest ISO
New Brul;lswlck
System Operator

- .

4\ ISO New
= England

7, New York ISO
California 1ISO v - PJM

Interconnection

Electric Reliability =~ Southwest fm

Council of Texas Power Pool ISO/RTO Council

Footprint of the North American ISOs and RTOs Source: http:// www.iso-rto.org



... pero en los EEUU queda todavia mucho
por hacer en materia de integracion

North American Electric Power Grids

Western
Interconnect

Eastern
Interconnect

Texas
Interconnect



Este gigantesco mercado de electricidad y
de gas...

The European Union

| .
P BT 7 1IN Member states of the European Union (2013) 117
Candidate and potential candicate countries




. busca expandirse mas: Euro-Mediterranean Ring

T
M‘ e 750 KM
% ‘1.':' /Y~ 400 et500 kv {\

3 s B30 KW
] —— 225 kW
= Courant conting

Mediterranean
Solar Plan

20 GW by 2020 500 GW by 2050

(~5 GW exports to EU) (100 GW exports to EU)



... otros mercados
regionales en distintos
niveles de desarrollo e

integracion...



Greater Mekong Subregion

Design:
el * 5 countries + 2 PRC provinces
==" B e Access rates 13-99%
T il nﬁ'ﬂ%‘&%‘m% e Launched in 1992, driven by ADB
}_-.?‘i _. “"",\mm R * Motivation: develop hydropower in
P | AR BE o Myanmar and Lao PDR for export
...,2 o f"“;_’?j%}é'%‘.;f” * Project-driven approach to regional
;’;; ,\\“‘ 0 coordination
L v S R 77
= 4 OVEL b P S\ Ongoing challenges:
\ e p-\s’s  Commitment among member countries is
e = unclear
) renas Gy G * No coordination among national energy
i ] policy-makers, regulators, system
operators

SOURCE: Amy Rose Dissertation, MIT (2017)



The Australian
National
Electricity
Market

REGIONAL BOUNDARIES
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CHINA
Installed capacity (2012): 1147 GW
Annual production (2012): 4987 TWh



Power Pools en construccién por toda Africa

Libyan
Arab
Jamahlriya
S

Mauritania

5onogal

Burkina 3
Faso Djibouti
Guinea B 4 Sudan
enir
Slerra Cote Nigeria
Loone 4 - Togo

Libvaria Ghana Ethiopia

" comELEC |

. Uganda Konya

Damaooratic
- West Africa Power Pool Reputilc of Rwaliés
Burundi Rumt;ﬁ : ‘]
apublic ol
- Central Africa Power Pool Tanzania
H o Malaw:

- East Africa Power Pool (incl. DRC & Rwanda) e

Mozambigue

- Southern Africa Power Pool Zimbabwe

Namibia  Botswana

-1 COMESA-EAC-SADC Tripartite it

South Africa SARRO Sourl:e:
Southern Africa Power Pool

WWW.sapp.co.z
Map by TradeMark Southern Africa | www.trademarksa.org i et

4/28/14



Los disenos de mercado son
diversos...
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== HOur with maximum price dispersion among areas

11/08/2015
Hour 16

Prices € MWh

Source: Public Web-sites PXs, OMIE



... Y a mi me gusta este...



MER: A small but hig
INTERCONNECTION

SIMBOLOGIA

e SUBESTACION
== LINEA DE INTERCONEXION

OCEANO PACIFICO !

AHUACHAPAN" s
NEJAPA

15 SEPTIEMBRE
PAVANA

230 Kv LINE

OCEANO ATLANTICO

COUNTRY LENGTH
(km)

Guatemala 242 134
El Salvador 260 14.4
Honduras 266 20.3
Nicaragua 284 15.8
Costa Rica 515 28.6
Panama 135 7.5

TOTAL 1802 100.0




Todavia quedan persistentes temas
abiertos en la mayoria de estos mercados

e Contratos bilaterales fisicos que distorsionan el
despacho econdmico de generacion y demanda

e Asignacion de los costes de la red de transmision, y
en particular de nuevas interconexiones de elevado
costo (y, ya superado, evitar el “pancaking”)

* Prioridad de los contratos firmes de suministro en
situaciones de emergencia

* Falta de armonizacidn en los disefios de mecanismos
de incentivacion en distintos paises, por ejemplo de
la generacion renovable
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Acceso universal

* No dejar a nadie atras
¢ Qué modelo de suministro eléctrico se
necesita?

131



7@ SUSTAINABLE
&2/ DEVELOPMENT

LHALS

NO GOODHEALTH QUALITY GENDER
POVERTY AND WELL- BEING EDUCATION EQUALITY

DECENT WORK AND : 1 REDUCED “ SUSTAINABLE CITES 12 RESPONSIBLE
ECONOMIC GROWTH INEQUALITIES AND COMMUMITIES CONSUMPTION
E AND PRODUCTION

P{ACL.MSTEE ma NERSHIPS
msrm soa THE GOALS («)

INSTITUTIONS SUSTAINABLE

L' @ DEVELOPMENT

GOALS
http://www.un.org/sustainabledevelopment/sustainable-development-goals/
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TRACKING SDG7:
. THE ENERGY PROGRESS REPORT

A joint report of the custodian agencies
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It has been estimated that it might take very
long to meet the 2030 goal

The IEA 2017 World Energy Outlook forecast

Continuing present Policies and even
implementing the plans under way
(“new policies” scenario)

by 2030 there will be
675 million people without
electricity

mostly in Sub-Saharan Africa

134



La tasa de crecimiento de la poblacion
puede superar a la de electrificacion

14
95% prediction intervals
e oo« Medium
12 e—Fstimates

oS
-
—

|
I
|
|
|
10 |
|
|
|

Population (billion)

(estimates, 1950-2015, and medium-
variant projection with 95 per cent
prediction intervals, 2015-2100)

0 - . . —— —— ——— — ]
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Source: United Nations, Department of Economic and Social Affairs, Population Division (2017).
World Population Prospects: The 2017 Revision. New York: United Nations.



Figure 4.2 Number and share of people without access to electricity by

country, 2016
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in sub-Saharan Africa just 16 countries have electricity access rates above 50% in 2016
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La regulacion es también aqui un
factor esencial...
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Flgure 2 Comparison of electric supply costs with cash collected In 2014 U.S. dollars
per kWh bllled

e > En Africa sub-
poes - Saharianay en la
posim: g : . India casi todas las
- distribuidoras estan
: arruinadas y las
Nigera O tarifas reguladas no
Marins c cubren los costes

Ethiopia - I Operating expenditure [l Capital expenditure O Cash coliected

0 0.10 020 030 040 050 0.60 070

Source: Tnmble et al 2016
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No dejar a nadie atras...

... 1as comunidades rurales
aisladas



Las comunidades rurales aisladas

e En América Latina la cobertura eléctrica es del 96%,
con aproximadamente 20 millones de personas sin
acceso a la electricidad.

* Lo que queda por electrificar son ubicaciones pobres
de dificil acceso.

* En América Latina el acceso universal a la energia es
un objetivo que esta presente en las politicas
energéticas de todos los gobiernos, y se suma a los
otros tres objetivos tradicionales: seguridad del
suministro, competitividad y sostenibilidad
ambiental.
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Recomendaciones para Ameérica
Latina

e Se necesita una accion politica decidida

— Urgencia en atender a las comunidades aisladas con agentes,
financiacion y modelos de negocio adecuados

— Coordinar las administraciones publicas con las iniciativas
privadas y los usuarios

— Participacion activa de las comunidades autoctonas
— Asignar al regulador esta responsabilidad especifica

* Corresponde a los reguladores disenar y promover
regulacion para cumplir eficientemente los objetivos

— Modelos de negocio innovadores, facilitar la inversion privada,
planificacion integral, normas técnicas simplificadas, integrar los
modos de electrificacion, conceptos tarifas, subsidios e
incentivos, etc.

— La evolucion tecnoldgica exige una renovacion constante de la
regulacion



En busqueda del modelo de
electrificacion adecuado



¢Es esta la solucidon éptima?
Forced 100% Grid Extension

| Results obtained with the REM planning model

http://universalaccess.mit.edu/#/main

mmmm Extension 11kV Extension 400V  mss== Microgrid 11kV —— Microgrid 400V @ Stand-Alone

Uganda — Southern Territories



¢O bien esta?
100% Grid Reliability
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é¢Tal vez esta?
85% Grid Reliability
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I | | | | Results obtained with the REM planning model

http://universalaccess.mit.edu/#/main

mmmm Extension 11kV Extension 400V  mss== Microgrid 11kV —— Microgrid 400V @ Stand-Alone

Uganda — Southern Territories



De nuevo, América Latina crea nuevas
soluciones

* PERMER, concesiones territoriales para consumos
dispersos en la provincia de Jujuy, Argentina, con
suministros fotovoltaicos individuales.

* Concesiones para el suministro de sistemas
fotovoltaicos domiciliarios en Cajamarca (Peru),
Oaxaca (México) y Amazonia, por la Fundacion
Acciona Microenergia

e Otras experiencias de SFD3G se estan dando a nivel
regional, en Bolivia, en Argentina y en México, y a
nivel incipiente en Panama, en Guatemala o en
Honduras.



A smartly designed business model

« Consumers pay an affordable & officially
regulated periodic charge (tariff) in exchange
for basic service

 Regulated cross-subsidy from tariffs of grid
connected consumers covers the viability gap

* PV systems are owned by the utility to
guarantee quality & continuity

* Local community members in charge of

Immediate maintenance tasks (as employees of
the utility)



Isolated rural community in Cajamarca (Peru). Example of dispersed population.
Electrified by Peru Microenergia. Acciona Foundation.







ELECTRIFICACION DE CRA DESDE EL TERRENO Y LA REALIDAD PERUANA

Community meetings for information
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Asunto: GREDS Fecha: 24 Nov 2011



ELECTRIFICACION DE CRA DESDE EL TERRENO Y LA REALIDAD PERUANA

i
Peru Microenergia
Certifica que

Hia recibida f cursg de copecitacidn sabne
USO DEL SISTEAMA FOTOVOLTAICD DOMICILIARID
Cursa impartide con o Tpayo de.
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Asunto: GREDS Fecha: 24 Nov 2011



Modelos de particjpacién
publico / privada el Africa sub-
Sahariana y en la India



g
:
:

Richard Hosier, Morgan Bazilian, Tatia Lemondzhava, Kabir Malik, Mitsunori Motohashi, and David Vilar de Ferrenbach

Energy and Extractives Practice | Africa Region, World Bank




Finding the right level of public / private
participation

Supply and
civil works
contracts

BOO

' Leasing
Subcontracting (affermage)

Technical

BOT and Divestiture

assistance Management concession by
contracts contracts (stricto sensu) license

Pure
private

ﬁ



HABLEMOS DE REGULACION

La mision de la regulacion
energetica...



Una regulacion eficaz es esencial en la
situacion actual de transicion energéetica

* En su mayor parte el mercado de energias limpias
esta dirigido por la politica energética
(justificadamente, en este caso)

* Pero en un mercado dependiente de la politica
energética el riesgo esta precisamente en la
regulacion

e Por tanto, para hacer posible las inversiones
necesarias en energias limpias, se necesita una
politica energética que sea “investment grade”,
i.e., LOUD, LONG & LEGAL



¢ Deben los reguladores
adoptar un rol proactivo en
la consecucion de objetivos

de politica energética?



QICHARD I-I THALER
«d CASS R. SUNSTEIN

0

Ni udge

NEW YORK TIMES Be

Improving Decisions About

Health, Wealth, and Happiness

o ’ ve lew b ks that fundamentally chonges e way | think
about the world.” =Steven D. Levirr, cosuthor of FREAKONOMICS
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What should be the role of regulators?
The case of OFGEM (UK)

“The overriding objective of a future regulatory
framework for energy network companies is to
encourage them to play a full role in the delivery
of a sustainable energy sector & deliver long-term
value for money network services for existing and
future consumers

“RIIO is desighed to promote smarter gas and
electricity networks for a low carbon future”

(OFGEM, RIIO A new way to regulate electricity
networks, Final report of the RPI-X@20 project, 2010)



¢ Cuanta intervencion regulatoria es
adecuada / necesaria?
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Alfred Kahn, author of “The economics of regulation”, deregulator of the US airline
industry, died on December 27t%, 2010, aged 93
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A wise piece of advice

“All competition is imperfect; the preferred remedy is
to try to diminish the imperfection. Even when highly
imperfect, it can often be a valuable supplement to
regulation.

But to the extent that it is intolerably imperfect, the
only acceptable alternative is regulation. And for the
inescapable imperfections of regulation, the only
available remedy is to try to make it work better”

»

Alfred Kahn, “The economics of regulation
MIT Press, 1988



Regulation in theory & in practice

Human behavior is complex

Unknown, hidden barriers prevent the successful
implementation of sound regulation

Governments interfere with regulation
Real life is complex

Even the best regulations become obsolete
Regulation is the work of many hands

Power sector regulation cannot be contemplated in
isolation from other sectors & the wider context

Regulation must be effective

Source: “Regulation of the power sector”. Chapter 14. I. Pérez-Arriaga, editor. 2013



HABLEMOS DE REGULACION

La pasion por explorar nuevos
enfoques y transmitir esa inquietud a
las nuevas generaciones...
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iEuropean
University
Institute
Florence School of R

Florence School of Regulation
2018



Florence School of Regulation (FSR)

-

Founded in 2004 as a ‘ " for independent
discussion and dissemination of knowledge in European
regulation and policy.

Regulators Policy Makers Academics Industry
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FSR Energy Model
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POLICY BRIEFS (Tube
+50

o " SUBSCRIBERS
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FSR Global Network
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Vivimos en un mundo que, cada vez mas, es nuestra
propia obra. La regulacion del sector de |a energia tiene
un papel fundamental en esta ingente tarea, donde la
sostenibilidad energética de las actividades humanas
juega un papel esencial.

Muchas gracias por su atencion.
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