La Smart Grid y su dimension TIC
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1980 44 Shenzhen (People's Republic of China) s Today

January 13th, 2011:

“Led by GE, Siemens, and IBM China Smart Grid to Exceed $61B by 2015, Zpryme Reports”

http://www.zpryme.com/news-room/smart-grid-china-us-uk-australia-lead-smart-appliance-market-zpryme-reports-234.html

La Smart Grid podria reducir emisiones del orden de 481 MtCO,e en China

Emission reductions from Smart Grids, MtCO2e

Hypotheses

Sources of data

Integration of
renewables

Reduction of
T&D losses
Reduction of
consumption
through
....userinfo_
Efficient
generation of
power, CHP

Total

1 Madwm and Long-Term Development Plan for Renewable Enargy in China 2 China Bureau of Statistics and TradingEconor

1. Electricity gen. in 2009 3,714 TWh
2 Yearly growth of (1) 08-20: 6.6%

3.Grid emissions factor: 0.94 1CO/
Mwh

4 Increase in share of renewables:
10% in 2009 to 15% in 2020
Potential of reduction of carbon

6.Hypotheses (1), (2) and (3)
7 Poltential of reduction of T&D
losses: 1.6% of energy generated

8.C05 emissions of Residential,
retail, warehouses and offices in
2009 430, 107, 21, 111 MCO,
Yearly growth of (8) 08-20° 8. 4%
0.Demand reduction per site: 5%
1.Penetration of technology. 50-75%

1.China Bureau of Statistics 2000
2 Based on China's Low Carbon
Development Pathways by 2050
3 Institute for Global
Environmental Strategies
4.NDRC!

5. Smart2020
@

7_Estimation based on China’s
historical trand and US histoncal

8. CEIC; China Bureau of Statistics

0.GDP (NRDC estimations)
10 Smart2020
11.8mart2020

12.NDRC (2010 CHP

Davalopment Planning and

Imics
Mate: Because of the intarrelationship between the difierent levers of the complate analysis, total figures presented may differ rom simple calculations based

on hypothesis given. Tharsfore, simple calculations will always be squal to or lower than the figures prasented
Source: team analysis; the rest of the sources are presented in the right column of tha slide

Source: ICT and Low Carbon Growth in China.
DESC (Digital Eergy Solution Campaign). Dec 2010,
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Five carbon-reducing “buckets” of smart grid technology

Smart power

Utilities can optimize
e and load, to
eliminate overkill,
prevent blackouts
and avoid building
new capacity

=Stabilize and
optimize voltage

*Reduce peak
demand

=Reduce
transmission losses

Decentralized
power
Power generation is
loc |, s0
transmiszion and
distribution losses
are lower

*Use software to
aggregate distributed
energy sources

*Reduce distribution
losses

*Create micro-grids

Total estimated annual CO2 reductions
in 2030 (million metric tons):

15

Smart
renewables

Energy storage and
real-time data make
renewables more
reliable and reduce
the need for fossil
back-up power

+Continuously adjust
power sources to
solve the variability
problem of
renewables

=Store energy
generated through
renewable sources

Decentralized power

Smartrenewables

Bdirect M indirect

Smart end-users

Commercial,
industrial and
residential energy
users can reduce

energ‘rgsuse and help

utilities shift power
loads from peak to
non-peak times

=Automatically
control and manage
energy use

=Allow utilities to
remotely turn up
thermostats on air
conditioners in peak
times as needed

217

Electric vehicles

Vehicle batteries
e decentralized
energy storage and
help utilities even out
power loads

=Accommodate plug-
in hybrid and all-
electric vehicles

=Charge vehicles in
non-peak hours and
sell enerfy back to
the grid in peak
hours

Electric vehicles
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Tendencias y necesidades de mercado (“market forces”)

Las tendencias y necesidades de mercado impactan en la operativa de las
“utilities”, provocando la transformacion de sus modelos de negocio industriales.

Irrupcion de nuevas tecnologias

Cambio climatico y aspectos medioambientales

Crecimiento en uso de energias renovables y generacion distribuida
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Mejora en el uso y disponibilidad de activos

Presion en eficiencia operacional y productividad

Cooperacion entre empresas energéticas y TICs

Aumento del rol del consumidor (pasivo vs activo)
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‘ En 1900, sélo el 13% de la poblacidon del mundo vivia en ciudades
— | e
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En 2007, por primera vez en la historia, la mayoria de la poblacién mundial
(3 300 mlllones) vivia en ciudades
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Coal/Natural Gas
UTILITY . .- -y

Hydroelectric +  Nuclear
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TRADITIONAL

1 (Consumer
IPower Flow
EEE tPeriodic Information Flow
== (Continuous Information Flow

Cooperacion entre empresas energéticas y TICs
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UTILITY

Coal/Natural Gas

Hydroelectric
Solar

Solar |

L j Solar Energy Storage

< »

Wind
Energy Storage

Nuclear
Wind

Energy Storage

Plug-in Vehicle

TRANSFORMED




Transmission Lines
Carry Electricity
Power Plant Long Distances Distribution Lines
Generates Electricity Hlt;ﬁﬁ Ggrrryl_?lﬂ-c‘tnc:ty
" u—— ] i 0 Houses
Before Smart Grid: |

One-way power flow, : / =\

simple interactions ' N

Transformer Neighborhood

teps Up Vollage Tragﬂnrmer Traowrm-:?arslﬂn Poles Step

or Transmissi Steps Down Voltage n Electricity Before |t
Fnters Houses

S

After Smart Grid:

' | i -
Two-way power flow, & = R e

= Canfrel cenbie
multi-stakeholder '
interactions
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Alto uso de renovables (entre 20% y 35% para 2020).

Generacion distribuida y microrredes.

“Net” metering (venta de servicios de potencia y energia local a la red).
Almacenamiento distribuido.

Smart metering (informacion de uso near-real time ).

TOUs (time of use) y dinamic pricing.

“Smart appliances” en comunicacion con la red.

EMS (Energy Management Systems) en hogares e instalaciones comerciales e
industriales, “conectados” a la red.

Vehiculos eléctricos.

Sensorizacion y controles autonomos/automatizados a lo largo de la red.

Ciber-seguridad alrededor de las funciones y dominios de la smart grid.



“Intelligence” Infrastructure

mart Grids

IntelliGrid

Electrical Infrastructure

"La nueva infraestructura de distribucion de energia eléctrica debe integrar los
avances existentes en comunicaciones, procesamiento informatico y electronica,
para dar respuesta a las necesidades energéticas del futuro“ — EPRI Intelligrid

Smarter Cities

Government

Services to Citizens f :
— - imulati iy City Command Center
Public Safety . = == Transportation e
V7 . : Ci
74 AN :

Rules Event to Action Workflow
Social Care .
|'I|'II|III
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Interfaces

Interfaces

Domain-Specific [Gatmy I Gralemy |l Gatemyl [ Gatew,r] | Gateway || Gateway |
*

hh'meA Hn‘he'l!' Halme'ﬂ' hhl‘l'ine'l]' Iliadam'E' Inferface "F"

ucation P n an
E ilities
wh = et
I‘." \ I
N S
Built Envirenmen t . o
P 2 Buildi ustainakili
roperty uildings \\\\\ v, w Public
\Q‘E‘ e Electric Water ‘eather Sﬂfe‘w (Ll
Technology & . = -
Telecommunications - :

Cooperacion entre empresas energéticas y TICs
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Inierface between
smart grud and other
LM sysiames

S
—
>
()]
S
S
)
..\q)
n o
Qo
CC
G O
=
D ©
= "
o9
= o
- £
o O
o9
C-l—‘
QG
X -
)
&)
©
—
)
o
o)
o)
@)

Crup EspaNoL
DE LAENERGIA
|NSTITUTA ESPafaL DE LA ENERS[A

f. Intepration of new B. Enhanced operational
SErs and reEguiraments effici=ncy

C. Security and quality of 0. Better planming of
supply Inyestments

E. improving market and F. Enabling irvolvernant of
CUFSIOITSET SErvice CONSUIMESS

tigh layel sarvices and fun-honalitias

Smast grid indrassrecture
Data & Applications
Commumicatson Systems

intelligence of the componenis

Electric infrastructure
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Advanced
Advanced *’ Softwares | [ Advanced

Hardware

- %
) : |
E_ ] \EEEW @terlms ¥
Advanced Metering s _,{(..- ¥

Infrastructure (AMI) =

Power Electromnics
(Advanced Flexible
FACTS, Solid-=lals

Advanced Motors (High- breakers, pulse reclosers

Advanced Sensors, Monitoring and tamperature suparconducti
Control (PMLUs, system/nter-area e mlgp::; »
oscillations, direct measurement

reports of sag and emperalure of
cablas, transformers and other
devicas)

Advanced Transformers (FACTS
phase-shifting, cortrml power flow,
High Penetration of Renewable and  solid-stals, high-lamparature
Distributed Energy Generation suparconduclons |
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Advanced
Software/
Systems

Advanced
Hardware

Advanced Cables
{composite conductors,
high-temperature
superconductors)

Advanced
Materials

Advanced Energy Storage (Super-
Conducting Magnetic Energy Storage
(SMES), advanced flywheels, flow
batteries charge and discharge fluid
between tanks, liquid molten sulfur
batteries built to utility scale
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A . \aiwie/ J Svsiems Materials

e Distribution
Management System | Intelligent Network ﬂant
— Enargy efficiency ol : -
Load Management (Damand- applications (voli-VAR

Management - iwe } Geiher data, makss declslun
Side Managament) Siata oplimization, automalic | | apeut local switching an canirel

L oad restoration, swilch order | | functions and communicabes with

jsi ol centers
Integrated Enterprise Software anaivsis and management, decision @
y support tools, étc.)

Custom-built applications: accounting, foracasting
billing and customer service slc. .

Market Operations Asset Management
Inventory and Track faciliies

and Equipmant

Distribution/Substation
Automation |” Enterprise Network Outage and Workforce

Remately monitors and eantral ,—\, { Management

operations formally dane /' Finpoint problems, locate

B ; | . ;
manuglly at substations and f N — *)\ equipment, dispatch crews

Redes Inteligentes:
Cooperacion entre empresas energéticas y TICs

faadars. Supply information _.
about asset utilization for Power System Monitoring and Control |~

improvad asset management, Mnni_t:.]rirg: Up-to-the-second displays of
dynamic equipment rating, etg, || onditions, )
— — - Caontrol: Automate operations to allow
centralized contral
Wikde-Araa Management System
(WAMS)
Dynamic Thermal Circuit Rating
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Mas aplicacionesy
tecnologias a considerar

Nuevos participantes en la
cadena de valor energética

La informacion en un
dominio se hace también
necesaria en el resto de

o Response
dominios

DER

Enterprise
Optimization

Process Automation
alia niiada
““U v“b“u
todas las a
smart grid
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Customer

Domain
Portal

La clave radi¢
disponer de u

ecosistema de pa
: Customer BAO
rico y robusto

Cooperacion entre empresas energéticas y TICs
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Unified Logical Diagram
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Use Case: Electric Transportation

Distribution —usg,

SCADA ———
Distribution

'y Management
System
Us6
ISYRTO  [-a—

Operations uss

‘/ 51
Metenng! |4 ‘

Billing/Utility
Back Office

S
—
>
v)
S
S
)
..\q)
n o
Qo
CC
G O
=
D ©
= "
o9
= o
- £
o O
o9
C-l—‘
QG
X -
)
&)
©
—
)
o
o)
o)
@)

Transmission | Actor Color Key

Bulk
Generation

Crup EspaNoL
DE LAENERGIA
|NSTITUTA ESPafaL DE LA ENERS[A



Redes Inteligentes
Cooperacion entre empresas energéticas y TICs
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. Presentation Customer I Customer Mobile I Display Device I Field Employee IEmponee I Paper

Web Devices Interface Mobile Devices Portal/Dashboard Bills

. Applications & wMs Network GIs Asset oMS cis MDMS
Analytics Analytics Management

Meter Dat:
i Call Management i Cgll(;::tioia i Load Control i EMS i DMS

I Servers Storage and Security System and I Business Process Messaging &
. System Backup Management Network Management Web Services
Integration Management
Platform Computing Systems Application & Data
Infrastructure Management Integration
Extranet
o Integrated Backhaul

Communication Network

Neighborhood

Networks
Home Area Network
Network
. Smart,
Connected Smart Appliances Advanced Electric Switches Ruggedized Laptops Solar Panels
P Meters
Devices . Personal ‘Advanced Gas ‘ Reclosers .Handheld Data .Wind Turbines
Computers Meters Devices
In-Home .Advanced Water .Condition Sensors .Cell Phones .CHP
displays Meters
@ Load Control @ Voltage Controllers @ Energy Storage
Devices
Electric Vehicles
Outlets
In-home Devices Smart Meters Substation & Grid Mobile Devices Distributed

Devices Resources




NIST SGAC

Reference _
. SCE/Cisco/IBM Standards/industry
Architecture

Smart Grid Groups

Reference Architecture IEEE, IEC, IETR
ANSI, etc.

e -
Standards 11l g s aas Interfaces

Services
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Business Area architectures — Design/build/manage SG services ;
customer, transmission, distribution, etc Map SG services to SAFE
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= Analytics Engine
= Geo-spatial Data

IEC CIM Data Mining ’
Warehouse — Statistics/KPIs

DB2 Pure XML = Third party Apps
= Complex Event
Processing

= Correlation .
: = Reporting/Workflow _ Operational
ETL service = Portals Monitoring and Security

Enterprise Service Bus

Data Historian * Complex Event

Processing,

t =High Performance
Analytics .
High-performance archiver _ Qperatlonal )
(Time-series data, SOE) Monitoring and Security

Time-Dependent Operations Middleware (WebSphere Real Time, MQ Low Latency)

Communications = Local Intelligence ot o_peratic:jngl )
Network onitoring and Security

Field Network

Substation (IED relays, servers, video, Equipment Line mounted Smart Field Force PHEVSs Distributed
security, local weather, Comm sensors sensors metering Generation

IBM Confidential
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Communications
is a smart grid enabler

Sample architecture

Data center or control center g
Data center routers é *

Core fiber network Electric utility fiber backhaul network

Backhaul network point of presence (PoP)

Point-to-point wireless link to PoP zé -

—_ —Backhaul
Willax! basestations located at substations g? - N
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WilMax outdoor CPE2 modems

= =
DA%, sensor and {or) data concentrator E

Intelligent electric meters-900 MHz* wireless connection -
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Grid Planning Grid Grid Operations Grid Field Market Service Customer Billing and Strategy & Finance, HR, and Information Marketing &
and Construction Maintenance P Service Service Collections Regulation Administration Technology Sales
X Ogteretltions Business Marketing &
Construction rategy Network U.SPT of Strategy Sales Strategy
Strategy Maintenance System Pricing Corporate
Strate: Governance Ir Stz
a9y Asset Strategy
Customer Regulated REPUETyY ey
5 Market Service o Ngtwork Strategy Development
= Capital Program Emergency Field Service Standards, SErEEnE Services &
2 Management Planning Strategy Policies and s ! .
o . Policies, and Product Operational Customer
— : Procedures Development Strategy and Relationship
eaiyan Plannin . Management
Metrolos Public Relations unregulated 2 Rolciestand IT Architecture 2
Network Load ¥ IS Procedures
Growth Analysis Demand Side Services & Media and e
Management Product Public Relations cing
Strategy Development
Construction Maintenance ional I . X Bill . ]
Performance Performance Operationa ; Al ocat_lqn_& Networl EI ing Buslne_ss P EES Marketllng
Management Management Performance Work Scheduling Reconciliation Customer Exception Portfolio T e Campaign
Ve e Management Management Management Service Management Management 9 Performance Monitoring and
Construction Sales Performance Management Management
A - Asset Connection METEEITST PEEEUS Business ETER R
- Maintenance Operations ) ) Information ivabl Performance ger
Construction Planning Planning Field Service Management REEEE Management Accong Sales
Sales - Quality Performance
e Maintenance ] Management i Management
S Construction Management (DTN Sl M St Clusitaiirsy Dunning and Regulatory Workforce Project
5 Permissions MEEGEEA ey DD Collection Compliance Analytics Management
=1 Inventory Monitoring . Management Management p Y 9
Construction Management POpferatlons Delivery
Design and Celares ) Customer Management
Planning Procurement Contractor Management Exception Account Market Revenue
Management Management Information Compliance Forecasting
Construction SR o~ Management
Custoimer 2 :
Management Management Meter Connectivity Connection Point Facilities Ar;tz:ﬁg‘t; e Contract
g - Information Information Dispute Management Credit Risk Management Management
ontractor Meter Testing S — Management Management Management Management and
Management Management 9 Maintenance
q Customer . "
Asset . Allocation & " Financial .
New Ass_et Operations Initiate Work Reconciliation Interaction Intercompany Accounting Production Produ_ct
Construction Asset Order Management Data Exchange Support Execution
Maintenance i
Outage Market Service Customer Event
m ; Procurement
m Augmented Management . Delivery Management i )
@ Assign and Network Bill Regulatory ; . Marketing &
o Asset 4 3 5 Project Delivery .
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= Construction i
@ 3 Emergency Business
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POWER GENERATION
OPTIMIZATION
(PGO)

Plant Operations
Fleet Optimization
Supply Expansion

w4

TRANSMISSION & ' CUSTOMER OPERATIONS

DISTRIBUTION TRANSFORMATION
OPERATIONS (COT)

Mobile Workforce Mgmt Customer Contact Center
Asset Lifecycle Mgmt Customer Management
Supply Chain Mgmt Customer Systems

— — - =

INTELLIGENT UTILITY NETWORK (IUN)

Smart Meter & Beyond IUN Communications Networks
Grid Operations IUN Security
Emerging Areas

-

<

7

CORPORATE
SUPPORT
SERVICES

Human Resources
Accounting
Payroll

Zz V=

v

INFRASTRUCTURE

Servers, storage, communications network and equipment and associated services

SNOILdO AY3AITT3A




Third-party Access Domain

Utility Business Domain

Fleet Management

Supply Expansion Asset Lifecycle Management

Asset Lifecycle
Management Intelligent Utility Network (IUN)

Smart Meter & Beyond
Grid Operations

Security
Communications Network

Plug-In vehicle/Distributed Energy Resources
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and Service

) ) Communications network domain
Monitoring

Device domain

Cooperacion entre empresas energéticas y TICs

Solution Architecture for Energy and Utilities Framework

Regulatory, Risk and Compliance Management
Transmission & Customer Operations
Power Generation T Corporate Support
Distribution Customer Management Services
: Customer Care
Plant Operations Mobile Workforce Management Customer Systems Human Resources

; Accounting
Supply Chain Management Improved Customer Payroll
Experience

Informed Decision Making

Business and infrastructure integration layer (Services Oriented Architecture) Business Process Automation

Asset, Device

Crup EspaNoL
DE LAENERGIA
|NSTITUTA ESPafaL DE LA ENERS[A




(7p]
&)
)
-
(D)
(@))
(D)
s
-
n
)
@)
()]
nd

Cooperacion entre empresas energéticas y TICs

Crup EspaNoL
DE LAENERGIA
|NSTITUTA ESPafaL DE LA ENERS[A

Asset, Device
and Service
Monitoring

Improved
Customer
Experience

Asset
Lifecycle
Management

Regulatory,
Risk and
Compliance
Management

Informed
Decision
Making

Business
Process
Automation

Security
Solutions




GridWise® Interoperability Context-Setting
Framework

v’ Focus is on inter-operability categories

v’ and Cross cutting issues

NIST Framework and Roadmap for Smart
Grid Interoperability Standards
v’ Divide smart grid into seven domains

v' A utility can have all seven domains or only some
of the domains.
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IEEE P2030 working group

v’ Guide for Smart Grid Interoperability of Energy
Technology and Information, Technology Operation oxs 8

Smart Grid

with the Electric Power System (EPS), and End-Use imteroperabity ]

Guidance

Applications and Loads — {;-"‘

e.g., additional IEEE P2030 standards

Cooperacion entre empresas energéticas y TICs
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Standards-Related Organizations

MNan-aceredited
International
SDOs.

\

OSGi

S

T
e

RossattaNet

The Open Group

IETF

ANSI accredited

Inte rnatlfn al __—

sSDOs —

ETSI
FIATECH

Official International
Etandarda Bodiea Regional

SDO0s

Mon-accredited
Mational

OASIS
OMG

OAGI

8O ke NFFA
UNICEFACT Naess NERC
ITu NIST NEMA
e ATIS  AHAM :‘3
Disa (G ASHRAE HETA
NAHBRC

ucc B 1
F Z IESNA
= | ANSI

B accredited
Mational SOCs

UL
IEEE

Mational Standards Body

SD0s:




Five families of standards sent to FERC:

* |EC 61970 and IEC 61968: Providing a Common Information
Model (CIM) necessary for exchanges of data between

devices and networks, primarily in the transmission (IEC
61970) and distribution (IEC 61968) domains.

IEC 61850: Facilitating substation automation and
communication as well as interoperability through a
common data format.

IEC 60870-6: Facilitating exchanges of information between
control centers.

IEC 62351: Addressing the cyber security of the
communication protocols defined by the preceding IEC
standards.
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http-/ fwww.ferc.gov/EventCalendar/Files 2010111915551 1-armold, %2 0N I5T. pdf
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/4V€rfu//yfunctiona/ and comprehensive \/

|

. Ensure-efficiency and quality

of installations

Deployment

Project
Management

Control room

—— Lt

Procurement
& Logistics

. Guarantee availability and
quality of devices
. Manage Vendor relationships

Automated meter management system
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Mobile
ACCESS
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- Energy efficient
-Energy consciousness - Programming &
- Measuring energy use Switching energy use
(total & individual use)

& RENewanles .
- Advice
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AWARDS CATEGORIES:

Redes Inteligentes
Cooperacion entre empresas energeticas y TICs

Utility Awards Solution Provider Awards
1. Rollout Innovation Awsard 1. Network & Communications Award 2011
2. Cu i ign A 2. Home Energy Monitor Avsard 2011
3. Utility of the Year Award 3. Metering Manufacturer & Technology of

the Year Award 2011

SMART METERING UK & EU RDPE;UUIP{'IMH # Smart Metr Data Monogerent &

. Enterprise Systems & System

Integrators Award 2011

6. Innovafion or the Year Award
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THE EDISON PROJECT
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KEY SMART GRID LOCATIONS
PACIFIC NORTHWEST

University of Washington, |
Seattle, WA 8-

(Seattle City I:?Ep e

Fox Island, WA .
(Peninsula Light Co.) |

< EloC
4| Richland, WA
(Battelle)

T e, POItaNd, OR
Vo .
(BPA)

| Airway Heights, WA /. -
" (Inland Power)

*

Ellensburg, WA
(City of Ellensburg)

Pullman, WA
(Awista)

Kennewick, WA
(Benton PUD)

Idaho Falls, ID
 (Idaho Falls Power)

lorthwest Montana
lathead Electric)

- Southwest Montana
- (NorthWestem)

0 Western Wyoming
;' (Lower Valley Energy)




knowledge El

Insufficient knowledge to understand the changes underway and
form opinions about them is widespread

» Over two-thirds of respondents admit that they do not know whether their local
providers or governments have smart meter or smart grid deployment plans in place —
and that does not even count those who “know”, but are wrong

= Over half of the respondents do not know if their energy provider has a green energy
program that is available to them, a recurring theme over the past three surveys

= Almost a quarter of those who participate in green energy programs have no idea if
they pay a premium for that power, or how much more they pay

= Thirty-five percent of respondents are not yet sure whether they will consent to share
data on their household energy use

Redes Inteligentes:
Cooperacion entre empresas energéticas y TICs

= When asked about specific benefits or concerns about smart meter and smart grid
programs, 40-50% do not yet have an opinion of whether those benefits or concerns
are in store for them

» Even basic knowledge is surprisingly absent — about one-third of respondents do not
recognize the basic billing unit for power consumption, and at least five percent do
not know who their provider is

2011 IBM Global Utility Consumer Survey
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knowledge El

With a few exceptions, different age groups did not show deviations
in knowledge gaps or areas of uncertainty

Percent of respondents that did not know the answer to the specified question or statement

0p)

8 o How much success is it
(- reasonable to expect from time- 54%

()] of-use and other new pricing 62 62% 62%
@) 60% + programs when this many

== consumers don’t even recognize
8 50% 4 / the basic billing unit? L 40%
-

— 40%, | m18-24
(7p] W 25-34
O 0 34-55

@) 0% O 55 and older
Q

Y 20% 1

10% 1

ﬂ-% g
Meaning of $/€ per KWh (ol What "renewable energy” What "time of use pricing™ What a "smart meter” is
equivalent) is is

Cooperacion entre empresas energéticas y TICs

2011 IBM Global Utility Consumer Survey
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Enrique Diaz-Plaza Sanz
enrique.diaz-plaza@es.ibm.com
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