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SmartGrid Introduction

A Current Grid Concerns:
A Increasing energy & especially peak energy demands
A Dwindling fossil fuel resources
A Greenhouse gas and criteria pollutant emissions
A Energy security
A Reliability (economy, human health and welfare)

A Future Grid Needs:

A Flexible i accommodating rapid change, generation and
consumption diversity I n size, type

A Secure i domestic resources, handle attacks/hackers

A Reliable i handle turbances and all the above with very high up-
time (5-6 nines relia ; only seconds of down-time per year)

A Sustainable i use res s at the same rate as they are naturally
replenished on earth w rnalities (e.g., more renewable power)

SmartGrid ]
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SmartGrid Introduction

Key Features:

A Multiple points of interconnection and control
I Renewable power: small, highly dynamic, intermittent, low capacity factor
I Distributed generation: efficient, near-zero emissions, highly dispatchable
| Di stributed storage: batteries, hydro,
I Highly distributed loads: appliances, buildings, factories, machines

A Increasingly managed through digital technology

Dispersed interconnection of renewables, DG, storage, loads

Smart meters and advanced sensors

Communications

Computing

A Increasingly required to meet transportation energy demands
I Mass transit
I Plug-in battery and hybrid electric vehicles (BEV, PHEV)

A Consumer interfacefinteractions

I Commercial/Residential energy efficiency & coordination of loads with
desired generation

I Higher instantaneous local power quality = l )
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A Some SmartGrid Challenges
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Some SmartGrid Challenges

A Do not want to compromise the desired features of the
current grid
A stable, reliable, predictable

A But these features come with inherent limitations
A Centralized control, slow response (15-minute), high regulation,
one-way power flow
A The challenge is to make the grid more flexible,
controllable, & enabling:
A More energy efficiency )
A Large amounts of integrated renewable power
I Intermittent, remote, non-dispatchable, é
A sufficient sustainability
A Energy and national security benefits
A Power demand and supply evolution
I Higher peak demands
| Less dispatchable power (e.g., hydro) J

> Two Examples
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Some SmartGrid Challenges

Renewable Intermittency: Tehachapi, CA wind power, April, 2005
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Some SmartGrid Challenges

Renewable Intermittency/Non-Coincidence with Peak Demand

CAISO, 2007
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