
Smart Energy and Power for 

Southern California (and the World)

Jack Brouwer, Ph.D.
March 25, 2010

Hydrogen & Fuel Cells for Clean Cities
6th Annual Conference & Exhibition, Birmingham, UK



© National Fuel Cell Research Center, 2010 2/30

Outline

ÅSmart Energy & Power (SmartGrid) Introduction

ÅSome SmartGrid Challenges

ÅAPEP Smart Energy and Power Research

ÅDynamic Modeling

ÅSustainable Mobility

ÅGrid Interaction/Interconnection

ÅIrvine Smart Grid Demonstration (ISGD) Project

ÅRenewables-based Energy Secure Communities (RESCO)

ÅDiscussion



© National Fuel Cell Research Center, 2010 3/30

SmartGrid Introduction

ÅCurrent Grid Concerns:

ÅIncreasing energy & especially peak energy demands

ÅDwindling fossil fuel resources

ÅGreenhouse gas and criteria pollutant emissions

ÅEnergy security

ÅReliability (economy, human health and welfare)

ÅFuture Grid Needs:

ÅFlexible ïaccommodating rapid change, generation and 

consumption diversity in size, type, features, é

ÅSecure ïdomestic resources, handle attacks/hackers

ÅReliable ïhandle disturbances and all the above with very high up-

time (5-6 nines reliability; only seconds of down-time per year)

ÅSustainable ïuse resources at the same rate as they are naturally 

replenished on earth w/o externalities (e.g., more renewable power)

SmartGrid
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SmartGrid Introduction

Key Features:

ÅMultiple points of interconnection and control 

ïRenewable power: small, highly dynamic, intermittent, low capacity factor

ïDistributed generation: efficient, near-zero emissions, highly dispatchable

ïDistributed storage: batteries, hydro, air, é
ïHighly distributed loads: appliances, buildings, factories, machines

ÅIncreasingly managed through digital technology

ïDispersed interconnection of renewables, DG, storage, loads

ïSmart meters and advanced sensors

ïCommunications

ïComputing

ÅIncreasingly required to meet transportation energy demands

ïMass transit

ïPlug-in battery and hybrid electric vehicles (BEV, PHEV)

ÅConsumer interface/interactions

ïCommercial/Residential energy efficiency & coordination of loads with 

desired generation

ïHigher instantaneous local power quality 
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Some SmartGrid Challenges

ÅDo not want to compromise the desired features of the 

current grid

Åstable, reliable, predictable

ÅBut these features come with inherent limitations

ÅCentralized control, slow response (15-minute), high regulation, 

one-way power flow

ÅThe challenge is to make the grid more flexible, 

controllable, & enabling:

ÅMore energy efficiency

ÅLarge amounts of integrated renewable power

ïIntermittent, remote, non-dispatchable, é

ÅSufficient sustainability

ÅEnergy and national security benefits

ÅPower demand and supply evolution

ïHigher peak demands

ïLess dispatchable power (e.g., hydro)

Two Examples



© National Fuel Cell Research Center, 2010 7/30

Some SmartGrid Challenges

Renewable Intermittency: Tehachapi, CA wind power, April, 2005

Hawkins, CAISO, 2007
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Some SmartGrid Challenges

Renewable Intermittency/Non-Coincidence with Peak Demand

CAISO, 2007


