Smart Grid

oReview of main concepts, technologies, players and market, from
energy T&D to home appliances
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Executive summary
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Smart Grid

3 different player categories: Endsers, Utility companies and electric

appliances manufacturers

w Smart Grid is today related tdifferent
categoriesas it could potentially concern the
end-users, the utility companies or the electric
appliances manufacturers.

w All these categories of people have very
different backgrounds and goals.

End-Users
Energy Management,
Real-time monitoring,
Home automation, etc.

w For instance the prime goal of utility
companies could be the real time demand
management in order to adjust their
electricity generation, for end user it could be
the real time control of energy use, home
automation, etc.

w In the following slides, we will define each of

Smart Grid

them with their related applications.
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Electric Appliances
Manufacturers

Energy management,
energy conservation, Home
area network integration,
etc.

~

Utilities
Automated metering
Infrastructure,

Real-Time demand
management, Smart
Meter, Renewable
energies integration,
Energy storage,
Electric Vehicles




Executive summary

w But smart grid also means energy savings at the transportation, conversion and distribution level : supported b
the power layer!

w Which leads to important developments by big players of the semiconductor industry.

w Today, transportation and distribution is conducted by silicdiased switches such as thyristors or IGBTS, using
DCor ACconduction.

DC | AC

Power
systems
technologies

Power
systems
sub category

Main silicon _ .
device in use: Thyristors IGBT Thyristors NGBT
5 v
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Definition and introduction

Smart grid common definitions

w Commondefinitions of smartgrid are:

¢ Smartisdefinedasa I altomated, widely distributed energydelivery network characterizedoy
atwo-way flow of electricity andinformation, capableof monitoring andrespondingto changes
in everythingfrom power plantsto customerpreferencesto individual appliancese

¢ & !smart grid is the electricity delivery system (from point of generation to point of
consumption)integrated with communicationsandinformationt SOKy 2 f 2 3 & €

¢ Includes3 different approaches

w Smartmetering: an advancedmeter (AMM) that communicatesinformation via somenetwork backto the local utility
for monitoring and billing purpose They allow price setting agenciesto introduce different prices for consumption
basedon the time of day and the season Theseprice differencescanbe usedto reducepeaksin demand(load shifting
or peaklopping).reducingthe needfor additional power plants. Thefirst stepto createa smartgrid.

w Homeautomation (smarthome) : makingeverythingin the houseautomatically controlled usingtechnologyto control
and do the jobs that we would normally do manually => cost savingsby activating home appliancesduring off peak
time, generallythe night.

w Smart grid : adjust the power generation units to power consumptions point through the use of sensors,
communicationsand monitoring technologieslike PhasorMeasurementUnits (PMU), supervisorycontrol and data
acquisition(SCADA}
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Definition and introduction

5STAYAGAZYE 2F 6KIG adal yRrRa

w SmartGrid (SG)stoday a genericterm, sothis isimportant to explainthe
different aspectsof U 2 R I sen&tagrid, the related protagonists and
iIndustries

w As each country has a specific electric grid and history related to its
electricity generation,there will not be just one unified Smartgrid but an
evolution, in the samedirections, of the current electric North American,
Europeanand Asiangrids.

w In fact we can simply note than the electric grid is the most extensive
network but at the same time, the less intelligent compared to the
Internet or the wirelesscommunicationnetworks.

w By turning this giant dumb network in a smart one, could bring many
transformations and advantagesthat we will describein the following
slides
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Definition and introduction

Market drivers for adoption of a smargrid platform

w ¢KS YySSR F2NJ I daYINISNE INAR FANREID

¢ The growing electricity demand: frorh5 400 B kWh in 200Q0 25 000 B kWh in 2015
(source IEA)

¢ Mismatching between electricity generation and demanth fact electricity must be
consumed at the moment it is generated, this is particularly true with peak demand.

¢ Important electric losseslong the power lines from the power generation to the
consumer

¢ A lack ingrid stability andreliability (Power outages, etc.)
¢ A need to integrateRenewable Energie@Vind, Solar, Biomass, etc.)
¢ Etc.

w Industry players like ABB, Siemerigpon, Cisco, etc. really got involved after the
Department of Energy (DOE) of the USA included a green stimulus of $3.9 billion in the
American Recovery and Reinvestment Act (ARRA) in June 2009.

w The European Commission is waiting to hear from an expert group before deciding on a
possible legislative framework for smart grids: any potential regulation would only emerge
from industry demand. The final decision will be taken in June 2010.

w In France, municipalities in urban and backuntry areas will be will equipped with more
than 250,000 smart meters (callddnky)
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Definition and introduction

Smart grid model

Producers Producers

N/

Transmission + distribution

'

Consumers v Consumers
Consumers
Today:
Centralized
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Smart meter
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Tomorrow:
Information + energy
push + pull
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Definition and introduction

Three layers definition
Focus of the report
w The report will focus on the two top layers:

¢ A first chapter will describe the architectures of smart grid, the work and approaches done at the
communications/sensors level

¢ The second chapter will be dedicated to power distribution and transportation (high voltage) including
market forecasts on power electronics components used to lower energy consumption on high power lir

and for the conversion.
Focus of
the report

Power transportation and distribution layer

Communications and sensors layer
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Existing smart grid architectures

Introduction

Simplified modelh

SourceUniversityof Minnesota

Nano-grid

Source: Kyotaniversity

Batteryless
Grid-Tie
- Inverters

Ih

GTVF OutBack
Grid-Interactive
Inverter —»

Micro Grid —»

SourceQutback
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