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Abstract

Anticipating theinflux of alarge number of electro-drive vehicles either on- or non-road that will
plug-into the national electric grid requires communication between all stakeholders, especially
the electric utility to ensure the grid is capabl e of providing power to this new projected load.
Thiscommunication and subsequent dialogswill allow the utility and end-users to adequately
plan for new energy demands. As electricity use grows, the need to maintain areliable grid
increases. Thispaper will outlinethe need for communication and how the electric utilities can
provide the knowledge and expertiseto ensure al energy demands are met in a safe, efficient and
reliable manner.

This paper will show that new electricity demands, in many instances, will require upgradesto
the customer facility whether commercial, industrial or residential. Itisnot anoptionthat all
discussions and proposalsincludethe electric utility, but anecessity. The need for a standardized
infrastructureisapriority for the utilities to be able to provide efficient, cost-effective and
reliable service.
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1. Introduction

Over the past 100 years, transportation methods have experienced an extraordinary evolution,
moving from steam power to internal combustion engines (ICE) to battery-powered EV'sto plug-
in hybrid electric vehicles(PHEVS). Current industry emphasisisplaced onthe PHEV, and is
not being limited to passenger cars, but isbeing expanded to include commercial and industrial
vehiclesaswell. Inthefuture, PHEV s could be seen as a source of energy.

Onedrawback of the first modern-era EV swas the range limitations of the energy storage device,
usually abattery pack. Technology hastaken giant steps forward to increase this range by
developing hybrid technology. Additional steps haveincluded adding aplug to chargethe
vehicleslarger battery pack. Thisadditionwill allow for dual mode operability — battery only
and ice/battery mode when needed for greater distances. PHEV technology alowsfor even
longer cleaner operation and further reduces petrol eum use — enhancing energy security.

Coupled to thistechnology istheelectric utility. Asmore and more electro-drive transportation
technol ogies are devel oped and made commercially available, additional demands will be placed
ontheelectric utility grid. Although some success has been achieved over recent yearsto restore
the health of the electric grid, continued emphasis must be placed on the types of loads that will
be receiving power. This paper will examine plug-in hybrid technology and how it relatesto the



electric grid - may be used to return energy to the grid during high-use or critical electricity
demand periods.

2.0 Typesof L oad

New technological energy consumers will soon utilize the electric utility grid — the PHEV. The
PHEV'S dual operating system will run on batteries, in an all electric mode or use a

| CE/generator to power the vehicle, making these vehicles adesirable meansto reduce petroleum
use and resulting tail pipe emissionsand improve our air quality.

Potential VehicleList may include:
e Utility trouble and bucket trucks
e Dédliveryvans
e Refusetrucks
e Military vehicles
e Emergency vehicles
e Sweepers, and more

AsPHEVsincreasein number, itisimportant to partner with the electric utility to prepareto
servethisload.

2.1 Power Quality

Battery chargers have a history of being very inefficient. Electricloadsassociated with charging
batteries are known to have anomaliesthat may adversely interact with some sensitive equipment
or cause sensitive processesto malfunction. One known side effect from theseloads are
harmonic frequencies. Harmonicsfrequenciesarecurrentsor voltageswith frequenciesthat are
multiplesof thefundamental frequency of either 50 or 60Hz. While new battery chargers are
more efficient dueto their non-linear characteristics, their el ectronic components may produce
harmonic frequencies.

Acceptable harmonic limitshave been established by the International Electrotechnical
Commission (1EC) and Institute of Electrical and Electronic Engineers (IEEE). In order to avoid
potential adverse systemimpacts, the charger manufacturers should; 1) be made aware of the
possible harmful affects of the chargersand; 2) develop products that will reduce harmonic
frequencies. Publicationsfromthe IEC and | EEE should be referenced to determine specific
equipment specification.

3.0Electric Grid Health

In past years, the national electric grid has experienced growing pains. |nmany instances, the
load growth has exceeded the el ectric system growth. Thishasled toisolated incidents of power
interruptions nationwide. The positive outcomeisthat many electric utilities haveinvested in
improving the health of their transmission and distribution infrastructure. Southern California
Edison (SCE) has made acommitment to upgrade our system over the next 5 yearsto ensure a
safeand reliableinfrastructure to serve our more than four and one half million customers.

To maintain a healthy energy system, itisvital that customers contact their electric utility during
the planning stages of their construction projectsto ensure atimely responsefor electric service.



4.0 Communication with Electric Utilities

To alow the electric utility to adequately plan for growth, adia og between the customer and the
electric utility isimperative. Thisistruefor both residential, commercial, and industrial customer
expansion. To ensurethetimely installation of the electric service, the utility needsto be
included in discussionsearly inthe process. Thisearly dialog will providethe utility ample time
to preparetheir system to serve the new loads. In someinstances, specia ordered equipment (i.e.
transformers, switchesetc.) requiring substantial |ead time may be needed. Thisearly notification
will allow the utility to ensure the equipment will bein stock when the project begins, eliminating
project down-time.

In addition to current projects, the communication of any future projects to the utility will enable
the utility to accurately forecast future circuit demands, avoiding the possibility of power outages.

5.0 Back tothe Grid

Selling excess power back to the electric utility isnot anew concept. This concept has beenin
operation since the early seventies with the introduction of co-generation facilitiesto the present
distributed resourcefacilitiesincluding solar power generation. However, it istaking a new
direction - vehicle-to—grid (V-2-G) reverse power flow.

PHEVs have the potential of being a mobile source of electricity. As PHEVsare developed and
madecommercially available, the trend to use these rolling power suppliersfor emergency and
peak shaving episodeswill bevery attractive. However, caution should betaken with aV-2-G
energy source scenario.

Each utility grid operator will have their own distinctive set of rules governing how and when an
outside power source can be connected. These may include, but are not limited to:

e Closed Transition Return (paralleling) verses an Open Transition Return (non-
paralleling)

e Preventing back-feed

e Anti-islanding

¢ Phase Rotation, Synchronization

e Frequency Stabilization.

Toensureutility compatibility and authorization to send power to the utility, it is very important
to contact the utility during the planning stages of any project connecting to or feeding the grid to
ensure all safety requirements are met, amd the appropriateinterface (relay protection) is
installed.

6.0 Conclusion

We can say with some assuredness that new el ectric transportation loadswill be availableinthe
near future and possibly on alarge scale. These new loadswill find their way into all customer
arenas—residential, commercia and industrial.

Werealizethat new technol ogiesin transportation could manifest into problemsfor the electric
utilities and customers as new load is connected to the grid. We need to realize the variablesthat



can affect the safe and reliable operation of the utility distribution systems and what steps can be
taken to avoid any adverse impacts.

The customer playsissignificant rolein assisting the utility to better serve all customers. By
including the utility in all project discussionsfrom preliminary planning to completion can bethe
difference between ahealthy grid or one draught with obstacles.

It isthe responsibility of the electric utilitiesto serve al loads connected to the grid in a safe,
efficient and cost-effective manner. The more we learn about new mobile electricity consumers,
the better able we will be to make accurate energy growth forecastsfor our future.
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