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OBJETIVOS Y CONTENIDOS

* Objetivos:

— Proveer al lector interesado una serie de referencias
internacionales asociadas a los grandes temas de |a distribucion

— Levantar los principales problemas, cambios tecnologicos,
regulatorios y otros cambios de paradigma y desafios del sector.

e Contenido:

— Estudios internacionales y sus fuentes

* Preparando el sector de distribucion: Un tema recurrente en la prensa
especializada

* Estudios sobre los cambios que enfrentara el sector de distribucion
* Estudios con diversos enfoques
e Cambios regulatorios asociados a la remuneracion

T
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ESTUDIOS INTERNACIONALES
Y SUS FUENTES
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PREPARANDO EL SECTOR DE DISTRIBUCION:
UN TEMA RECURRENTE EN LA PRENSA
ESPECIALIZADA

L strategy
Utilities Trends: & Distributions Utilities
e Financial Challenges:
* 'Grid is inadequate

e [The grid is not secure
* Distributed generation
nabling technologies
osts and revenues
Digital enterprise

* New
regulations

2015 Utilities Trends
H H Companies in the utility sector should o
¢ D I St r I b U te d financially, while navigating new regulat
omer interface.

generation

and the evolving customer interfa

Steven Collier
. Transform e ] SmartGridMan, Director Smart Grid Strategies, Misoft Uity Salutions FO“’W e e CO u n ica io n S
« Th | mmunicat
e evolving
Over the past several years, utilities in the United States hawt . . . . P
t challenges. The industry lived through a sharp decrease in pt Top 10 Challenges for Electric Distribution Utilitiee or kfo rce
C u S 0 I I I e r and has experienced only sluggish growth since then . Moreo Jun30,2015 | 3671views & 41lkes © 15Commens [ 0@ 0
uncertainty for years now, as a range of environmental and i
. t f proposed and then often rescinded through litigation. [ J
INte€rrace vt o SR BRE e TS
rends ond Editiion

One of the topies that I am most frequently invited to address m artieles and
presentations is what elactrie utilities, aspecially electric distribution utilities,
should be informed about, planning for, and implementing as the electric utility

industry undergoes drastic, irreversible, revolutionary restructuring. This is my
second edition of the Top Ten Challenges.
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http://www.strategyand.pwc.com/perspectives/2015-utilities-trends
https://www.linkedin.com/pulse/top-10-challenges-electric-distribution-utilities-steven-collier

ESTUDIOS SOBRE LOS CAMBIOS QUE
ENFRENTARA EL SECTOR DE DISTRIBUCION

Muestra los pasos y
estrategias a seguir
para desarrollar un
plan para las redes
inteligentes a nivel
nacional, regional y
municipal

https://www.iea.org/publications/freepublications
ublication/TechnologyRoadmapHow2GuideforS
martGridsinDistributionNetworks.pdf

THE MIT
Utility of the Future
STUDY

NP <<y

,i.
X

l g characterist
of the electric utility of 2025, identifying successful business models,
regulatory trends, and transformative technologies.

-
L] [T —

mtitute o
Technology

Comins

Busca determinar las
caracteristicas de
una empresa de
servicio publico del
2025, identificando
modelos de negocios,
cambios regulatorios
y nuevas tecnologias

http://energy.mit.edu/research/utility-future-

siude/ —
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Utility of the future
A customer-led shift
in the electricity sector

Presenta vision acerca
los nuevos modelos
de negocios en 10
anos para una
empresa de servicio
publico de
electricidad, nuevas
estrategias y nuevas
formas de gestion.

https://www.pwc.com.au/industry/energy-utilities-
mining/assets/utility-of-the-future-apr14.pdf

ETIP/Consortium Energy Policy Seminar
Harvard University
March 3, 2014

Rethinking electricity
distribution regulation

Prof. Ignacio J. Pérez-Arriaga
MIT, Comillas University, Florence School of Regulation
ipa@mit.edu

Temas varios:
terminologia,
regulacion, desafios,

generacion distribuida,
perspectiva tecnologica,
modelos de negocios,
disenio de redes, etc.
Seminario Harvard
https://www.hks.harvard.edu/m-

rcbg/cepr/Papers/2014/2014-03-03-Harvard-
Ignacio%20Perez-Arriaga%20slides.pdf

I
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https://www.iea.org/publications/freepublications/publication/TechnologyRoadmapHow2GuideforSmartGridsinDistributionNetworks.pdf
http://energy.mit.edu/research/utility-future-study/
https://www.pwc.com.au/industry/energy-utilities-mining/assets/utility-of-the-future-apr14.pdf
https://www.hks.harvard.edu/m-rcbg/cepr/Papers/2014/2014-03-03-Harvard-Ignacio Perez-Arriaga slides.pdf

Relacién con el Vision de futuro de la Planificacidon de la red con

consumidor — T
ES I UDIOS ( ON Staiiiig ahieait i dvera red eléctrica generacion distribuida
of game-changing
L S Planning the Distributed
% Energy Future
DIVERSOS R

The Future of the Grid

Evolving to Meet America's Needs

December 2014

Final Report
An Industry-Driven Vision of the 2030 Grid and
Recommendations for a Path Forward

https://www.pwc.com/gx/en/utilities
/publications/assets/pwc-customer-
roundtable.pdf

http://energy.gov/sites/prod/files/20
14/12/f19/Future%200f%20the%20G
rid%20December%202014.pd f

SEPA

[ suackayearcn

e Relacidn con el Regulacion para una
consumidor nueva era de la Dx.

* Visién de futuro

* Regulacion

* Planificacion

* Vehiculos eléctricos

» Disefo tarifario

* Remuneracion Remuneracién Impactos y nuevos

* Nuevos negocios modelos de negoci

* Finanzas Yy
estrategias

Disefo tarifario

Preparing for Electric Vehicles:
The Distribution System Pe

> -
https://www.hks.harvard.edu/hepg/Papers/2010/Braz

Aubrey HEPG Feb2010.pdf file=2014-25 elab-
RateDesignfortheDistributionEdge-Full-highres.pdf

http://www.rmi.org/cms/Download.aspx?id=11340&

Finanzas y estrategias

05

MIT C==PR

MIT Center for
Energy and Environmental
Policy Research

Energy transformation
The impact on the power
sector business model

The Remuneration Challenge: New
Solutions for the Regulation of = = o .
Electricity Distribution Utilities Under . DISI’uPtIVe challenges:
High Penetrations of Distributed Energy et compin sonahems i i icati i
Resources and Smart Grid Technologies ::‘:::r:asleIs“::lalcz:::gsi:;‘:!:::: ool

Electric Business

Jesse D. Jenkins and Ignacio Pérez-Arriaga

September 2014 CEEPR WP 2014-005

Pregaredby: Peter Kind

http://mitei.mit.edu/system/files

/CEEPR_WP_2014-005.pdf
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http://mitei.mit.edu/system/files/CEEPR_WP_2014-005.pdf
http://www.rmi.org/cms/Download.aspx?id=11340&file=2014-25_eLab-RateDesignfortheDistributionEdge-Full-highres.pdf
https://www.hks.harvard.edu/hepg/Papers/2010/Braz_Aubrey_HEPG_Feb2010.pdf
https://www.pwc.com/gx/en/utilities/publications/assets/pwc-customer-roundtable.pdf
http://energy.gov/sites/prod/files/2014/12/f19/Future of the Grid December 2014.pd

CAMBIOS REGULATORIOS
ASOCIADOS A LA REMUNERACION

Regulatory challenges under high
penetration of Distribute Energy
Resources and Smart Grid
Technologies

— Increasing uncertainty regarding the
evolution of the network use

— New cost drivers
— Penetration of distributed energy
resources and smart technologies
Solutions for the regulation of
electricity Distribution Utilities

Prof. David Watts PUC

MIT C==PR

MIT Center for
Energy and Environmental
Policy Research

The Remuneration Challenge: New
Solutions for the Regulation of
Electricity Distribution Utilities Under
High Penetrations of Distributed Energy
Resources and Smart Grid Technologies

Jesse D. Jenkins and Ignacio Pérez-Arriaga

September 2014 CEEPR WP 2014-005


http://mitei.mit.edu/system/files/CEEPR_WP_2014-005.pdf

DISENO TARIFARIO PARA LA
DISTRIBUCION ELECTRICA DEL FUTURO

TODAY'S BUNDLED, VOLUMETRIC, BLOCK PRICING
In the simplest system, prevalent today, there is ne unbundling

(i.e., fully bundled pricing) with no time- or location-based differentiation.

ENERGY + CAPACITY PRICING

Breaking apart energy and capacity values begins to unbundle prices,
but leaves many still bundled. Time- and location-based differentiation
is still minimal.

ATTRIBUTE-BASED PRICING
Aftributed-based pricing more fully unbundles electricty prices, while
doing so could also add time- and location-based sophistication.

TIME-OF-USE PRICING

Relatively basic ime-of-use pricing (e.g., off-peak, peak, critical peak)
begins to add time-based differentation, but could still allow attributes to
remain fully bundled with no location-based differentation.

REAL-TIME PRICING

Real-time pricing, with prices dynamically varying by one-hour or
sub-hour increments, adds much time-based sophistication, but could
still allow attributes to remain fully bundled with no

location-based differentation.

DISTRIBUTION SYSTEM HOT SPCOT PRICING
Identifying distribution system "hot spots” begins to add
location-based differentation, but could still allow fully bundled
attributes and little or no time-based differentation.

DISTRIBUTION LOCATIONAL MARGINAL PRICING
Distribution LMP adds location-based sophisitication, and in turn a
high degree of temporal sophistication.

LOW ¢ * HIGH
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R

ATE DESIGN FOR THE

DISTRIBUTION EDGE

ELECTRICITY PRICING FOR A DISTRIBUTED
RESOURCE FUTURE

1820 FOLSOM STREET | BOULDER, CO 80302
COPYRIGHT ROCKY MOUNTAIN INSTITUTE

Los sistemas de precios presentan diferentes caracteristicas

Prof. David Watts PUC

PUBLISHED AUGUST 2014
DOWNLOAD AT: WWW.RMLORG

WWW.Fmi.org .aspx g
DesignfortheDistributionEdge-Full-highres.pd

Se requieren cambios en los
sistemas de precios que
reflejen los beneficios vy
costos de los nuevos servicios y

\_
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USO DE LA RED DE DISTRIBUCION:
TIPOS DE CLIENTES

P T

A DG CUSTOMER RECEIVES LESS ENERGY FROM THE UTILITY BUT
STILL RELIES ON THE GRID FOR POWER SUPPLY AND NETWORK
SERVICES TO EXPORT POWER TO THE GRID

Traditional Full Service Customer DG Customer Zero Net Energy Customer NET ENERGY METERING, ZERO NET ENERGY AND
5 25 = THE DISTRIBUTED ENERGY RESOURCE FUTURE
2 2
ADAPTING ELECTRIC UTILITY BUSINESS MODELS FOR THE 21ST CENTURY
Daily Load
Profile
Energy (kWH)
1 4
A5 A5
= = = = = QOriginal Demand Ne"—"’?‘
_____ Demand After Efficiency Generation
40| Traditional Full Service Customer 10 DG Customer 0 Zero Net Energy Customer
30 30 30
20 20 20
Weekly Load 10 0 o
Profile I
Net Load [k'Whj 0 o o -
5 M T W R F s 5 M T W R F L] 5§ M T W nr E 5
10 -10 10

Las infraestructura de distribucidon puede ser usada para satisfacer demanda o para
inyectar energia. El timing y la magnitud de los requerimientos a la red de
distribucion dependeran del tamafo del cliente, los recursos y las tecnologias
Kutilizada y el perfil de demanda y consumo...

Prof. David Watts PUC 9



http://www.rmi.org/Content/Files/RMI_PGE_NEM_ZNE_DER_Adapting_Utility_Business_Models_for_the_21st__Century.pdf.pdf

BENCHMARKING REGULATORIOS

Revision de los modelos regulatorios de distribucion en Europa: Cost
plus, Incentive-based, Revenue Combinations of models,

Revenue/price/income cap

Figure 1. Mapping selected power and utilities regulation in Europe
See Appendix for full details of the regulatory system covered in each country

National regulatory model

Source: Emst & Young analysis

¢ 3

_ utilities fegulatjop: * :

'Map@l‘ng poweér and

.
. 4
v a4

.' L T
.3 '\'\. o,":
) . LA

http://www.ey.com/Publication/vwLUAssets/Mapping_Power a 10
nd_Utilities Report 2013/SFILE/EY%20European%20Power%20r
egulatory%20report%20FINAL%200513.pdf



http://www.ey.com/Publication/vwLUAssets/Mapping_Power_and_Utilities_Report_2013/$FILE/EY European Power regulatory report FINAL 0513.pdf

DISTRIBUTED ENERGY RESOURCES Y LA

PLANIFICACION DE LA DISTRIBUCION

e DER - Distributied Energy
Resources:

PV: Generacion distribuida
solar Fotovoltaica masiva

CHP: Cogeneracién (gas),
microturbinas, etc.

GD: Generacion distribuida
(otras fuentes: mini-hidro,
edlica)

BAT: Almacenamiento de
energia (baterias)

EV: Vehiculos eléctricos e
infraestructura de carga

DR: Respuesta de la
demanda

~

(Las distribuidoras pueden beneficiarse de la integracion de las
tecnologias DER si desarrollan una apropiada planificacion de
su red, establece procedimientos adecuados para expandir sus
redes, reduciendo sus costos de infraestructura y las tarifas al

cliente final.
\_ Y,

Tecnologias DER que impactaran mas a las distribuidoras

T1.7%

Planning the Distributed

Solar

Battery storage 32.3%

Demand response 30.3%

Electric vehicles

212% Lo

MNatural gas (micro turbines) - 14.1%
Other - 71%
Prof. David Watts y Prof. Hugh Rudnick PUC T ——————



https://www.solarelectricpower.org/media/439751/proactive-der-planning.pdf

PLANIFICACION CONSIDERANDO
GENERACION DISTRIBUIDA

Utility planning challenges
— Conventional planning is no longer sufficient
— Drivers of distributed energy resources adoption

e Tools: software packages and analytical aids that
facilitate distribution planning assessment (DER)

* Proactive planning for DER deployment
— T&D grid impacts: dynamic grid modeling
— Bulk power impacts
— Finance, rates and regulation
— Benefits of a proactive DER planning process

Solar %

Battery storage 32.3%

30.3%

Demand response

21.2%

Electric vehicles

Matural gas (micro turbines)

Other

Prof. David Watts PUC

Planning the Distributed
Energy Future

Emerging ctric Utility D
for Distributed Energy

on Planning Practices

https://www.solarelectricpower.org/media/439751/proact
ive-der-planning.pdf

Strategy &
Operations

Finance Rates
& Regulation DER
Potential

T&D Grid
Impacts

DERs= may be able to replace some conventional grid
investments in the distribution system (with appropriate


https://www.solarelectricpower.org/media/439751/proactive-der-planning.pdf

DISTRIBUTED ENERGY RESOURCES Y LA
PLANIFICACION DE LA DISTRIBUCION

« DER - Distributied Energy * Conclusiones

ReS(F))L\J/T'CZS: o dicrbuida <ol — La implementaciéon de una
— PV. Generacion distribuida solar planificacion de la distribuidora

Fotovoltaica masiva . .
proactiva, considerando los

- ﬁ:—ilfr'oturbﬁ,%iegfcr_auon (gas), recursos ,distribuidos (DER) _Igs

— GD: Generacién distribuida (otras preparara para la adopcion
fuentes: mini-hidro, edlica) masiva de estos.

— BAT: Almacenamiento de energia — Una planificacién temprana
(baterfas) permitird minimizar los riesgos e

— EV:  Vehiculos  electricos e incorporar los beneficios de la

infraestructura de carga energia distribuida del futuro.

— DR: Respuesta de la demanda
Planning the Distributed

DER es mucho mas que generacion distribuida!
DER = PV+ GD + CHP + BAT + EV + DR

° ° https://www.solarelectricpower.org/media/439751/proact
Prof. David Watts y Prof. Hugh Rudnick PUC e dor g o res— SEPA‘ 13



https://www.solarelectricpower.org/media/439751/proactive-der-planning.pdf

DISTRIBUTED ENERGY RESOURCES Y LA
PLANIFICACION DE LA DISTRIBUCION

« Desafios que enfrenta Ia

distribuidora:

— Métodos y herramientas
para estimar capacidad de

-~

integrar recursos o
distribuidos o concacnd Bk gonaraton it b
. Self—mgnaging den.\ar\d
— Valorizar los costo vy || Nl 1
beneficios de los DER ﬁ}“ ..... \ ____ )ﬁ“T
— Monitoreo y control de los Lk .. [ g
— Abordar la necesidad de _—
restructuracion de las o

tarifas

— Definir la propiedad de los
recursos distribuidos

— Mercado

Clean transportation, leveraging
clean general

tion and storage of energy

il Energy-efficient, self-managing

~

Secure, self-healing,
self-optimizing grid

homes driven by customer choice

Prof. David Watts y Prof. Hugh Rudnick PUC
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SMART GRID DEL FUTURO

System Wide Smart Grid Interaccidn de:

* Almacenamiento residencial
* Generacion renovable

* Control/gestion de carga

* Vehiculos eléctricos

Generation Transmission Substation Distribution Custome P i for Elecingi
N P repa_r!p_g OI'. ec I’I(? e
. il The Distribution Syst:
AMI
Energy Storage | Renewables @ Load Management I REV.
Integration Integration & Control Integration
o - ' Flag -

0|

@ conEdison

Prof. David Watts PUC e ——
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https://www.hks.harvard.edu/hepg/Papers/2010/Braz_Aubrey_HEPG_Feb2010.pdf

VEHICULOS ELECTRICOS Y SU
INTERACCION CON LA RED

Power
Generation @ 1/

Vehiculos eléctricos proveen almacenamiento (baterias) a la

residencia

Pueden vender energia al sistema al mercado eléctrico (1SO)

L'i}
5

Energy |

VPP Control
Center

esuodsal Juswabeuew |
apIs puewaq

[ — = = ————

»| Energy Market |-

Power

status

Energy demand

.A <

1
request
CMS
EV status

v

a través de un agregador.
La carga de las baterias del EV es una gran carga para el

sistema

-4 - - — -»Communication Flow

~¢——— Electric Power Flow

stainable Energy Reviews 34 (2014) 501-516

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser

Electric vehicles and smart grid interaction: A review on vehicle to grid @uww
and renewable energy sources integration

Francis Mwasilu, Jackson John Justo, Eun-Kyung Kim, Ton Duc Do, Jin-Woo Jung *

Division of Electronics and Electrical Engineering, Dongguk University-Seoul. 26, Pil-dong 3-ga. Jung-gu. Seoul 100-715, South Korea

ARTI
Coal-fired power plant
Article his advancement o
Keceived ver system model
Received forward variou:
29 Octob intensive reviev
Accepted the EVs int
Available gens >
Keywords

Vehicle u

Cambio de
paradigma
en los
alimentador
es de Dx.

Residential house(s)

=P Unidirectional power flow



UNA VISION DE LA
DISTRIBUIDORA DEL

= Residential Electricity
Service in 2025

PETER KIND

Executive Director, Energy Infrastructure Advocates LLC

FUTURO

e Vision of electric service:

Innovacion, tecnologia, comunicacidn, sensores,
teléfonos inteligentes, seran conceptos claves de la

App-based efficiency tools

Allow customers to remotely control and program
their lighting, appliances, heating, etc.

Connect customers to opportunities to participate
in CERs

Allow utilities to cycle their customers air
conditioners

Allow Electric vehicles to be charged and
discharged at optimal times to enhance customer
economic value

distribuidora del futuro

Prof. David Watts PUC

THOUGHT LEADERS SPEAK OUT:

Key Trends Driving
Change in the Electric
Power Industry

iR INSTITUTE for
ELECTRIC INNOVATION

©C @S e
P © © @ @ ° -
S & & © 0 eaane

f

Efficiency
2025
Clean Power Customer
Education
A

Charting the Path Forward



http://www.edisonfoundation.net/iei/Documents/IEI_KeyTrendsDrivingChange_FINAL.pdf

UTILITY 2.0 AND ENERGY
DEMOCRACY

FIVE PILLARS OF ENERGY DEMOCRACY

RENEWABLE ENERGY
STANDARD

W/ DG SET-ASIDE

VIRTUAL NET METERING, E.G. COMMURNITY SOLAR

NET METERING

ENERGY STORAGE ENERGY STORAGE

FEED-IN TARIFF

DEMAND RESPONSE MARKET

ANCILLARY SERVICES MARKET ON-BILL Energy Democracy
REFPAYMENT nomic

INDEPENDENT LOCAL GRID OPERATOR

ROOFTOP SOLAR

ILSRs
ENERGY STORAGE ENERGY STORAGE \
sy DEMOCRATIC

ELECTRIC VEHICLES 1 \E

https://drive.google.com/file/d/0B8Hmrr6Ve2pvaWk3VGhPZXZSMFk
view

POLICIES
=Uttility 20" pillars TECHNOLOGY

FLEXIBLE EFFICIENT LOW-CARBON LOCAL EQUITABLE
Prof. David Watts PUC



https://drive.google.com/file/d/0B8Hmrr6Ve2pvaWk3VGhPZXZSMFk/view

CONCLUSIONES: REFERENCIAS

INTERNACIONALES PARA UNA TRANSFORMACION

DISRUPTIVA EN DISTRIBUCION

* Enlasiguiente presentacion se proveen referencias internacionales que
abordan el problema de la transformacion de la distribucion en el
mundo

 En general se concluye que:

Los Sistemas de distribucidn estan cambiando en el mundo debido a la
necesidad de sistemas mas flexibles, eficientes, limpios, locales y
equitativos

Los desafios se pueden clasificar en regulatorios, tecnoldgicos y de negocios

Este es un problema no resuelto en el mundo aunque es importante
rescatar la experiencia internacional acumulada hasta la fecha

Los cambios pueden ser una oportunidad para las distribuidores, clientes,
reguladores y nuevos emprendimientos

El cambio va mucho mas alla de la electricidad: Calor& frio, transporte y
urbanismo

Prof. David Watts y Prof. Hugh Rudnick PUC 19
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