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Disclaimer & Notice of Intent
The information and opinion presented may not have 

been endorsed by or reflect the opinion of Hydro Ottawa 
(or its employees),  those of IEEE members,  those of 

Electric Mobility Canada (or its employees or members), or 
those of anyone else except the presenter – Raed 

Abdullah, P.Eng., SMIEEE.

The information and opinion presented will hopefully 
challenge your views to make what might be a nightmare 

into a realizable dream.

If you disagree with or are dismayed with what is 
presented, take it up with the presenter – Raed Abdullah, 

P.Eng., SMIEEE.
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Grid Nightmare or Magic Bullet for LDCs?

http://www.dreamprophesy.com/dreaming-of-mother-who-has-died/ http://www.oplife.org/our-dreams-and-our-goals/
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Thought Map

Grid Management Planning

Grid Layers

Parties to the Grid

Waves of Change...

...Smarter Grid

Where to Start?

G2V Challenge

V2G Challenge

Staying in Touch & Resources

Change the Nightmare to a Dream 

http://www.fresheyesediting.com/setting-the-stage-guidelines-for-writing-an-
introduction-to-a-scientific-article/
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Parties to the Grid
Central 

Generation & 
Transmission

System

Customer 
Generation & 

Internal 
Distribution 

System

The European Smart Grids Technology Platform – Future Network Vision

The Regulators+ (i.e., OEB, MC, ESA,
Building Code)

The Politico

The Transmitter
(i.e., HONI)

The LDC

The Large 
Generators (i.e., 
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members)
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Grid Layers

50 MVA

50 kVA 500 kVA

500 MCM 
feeder

1/0 loop 

50 kVA Normal Supply

AlternateSupply

Sunday, 10 March, 13



Grid Layers

The European Smart Grids Technology Platform – Future Network Vision

X  ????

Sunday, 10 March, 13



Waves of Change >>> Smarter Grids

Go Electric

Energy Management

Conservation Demand 
Management

Distributed Energy 
Resources

SCADA & ITC

Station Automation

Distributed Automation

GIS – OMS – DMS
Stronger ITC

Electric Transportation

More Field Sensors & ITC

Electronic Meters

1980’s

Smart
er 

Grid
s

2000’s

1990’s

Beefed Up System 
capacity

“DE”Regulation
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85 Stations

5600 km 
lines

170 Station 
Transformers

43,000 
Distribution 

Transformers

48,400 Poles

305,000 
Customers

~1000 
Feeders

3,225 UG 
Chambers

Where to Start?
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Where to Start?

Vehicle Types & 
Needs

Vehicle 
Penetration

Charging
Profile & 
Behaviour

Feeder Imbalance

Protection & Control

Harmonics

Thermal Loading

System Losses

Voltage Stability

Supply Adequacy

Considerations

Standards
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G2V

Battery Pack:  16, 24, 50, 
85kWh

Cost BEV/EREV: $35k to $120k 
MSRP

Battery Pack:  4.4, 7.4, 16, 
20kWh

Cost PHEV: $20k to $120k 
MSRP

Types 
& 

Needs
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G2V

Matthew Klippenstein, Jan 21, 2013 ... 
http://www.greencarreports.com/news/1081799_plug-in-electric-car-sales-in-
canada-a-2012-review

“...plug-ins represented roughly 0.1 percent of Canadian new 
car sales, or about 1,800 out of 1.7 million vehicles.

That's lower than plug-ins' market share in the US (0.3 
percent), despite Canadians paying more for gasoline and less 

for electricity than U.S. buyers.”

 “...the Volt ended 2012 with its 1,500th cumulative Canadian 
sale.

In 2012, the Nissan Leaf (240) and Mitsubishi i-MiEV (196) 
trailed far behind in second and third place. The Toyota Prius 
Plug-In Hybrid, arriving in September, took fourth place (63) 

but outsold both the Leaf and i-MiEV in each of its four 
months on the market.”

Vehicl
e 

Penetr
ation
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“[Ontario] to have one out of every 20 
vehicles driven in Ontario to be 
electrically powered by 2020;”
Premier Dalton McGuinty, 2009/07/15

Shell expects 
electricity-
powered vehicles to 
account for as much as 
40% of the worldwide 
car market by 2050.
PETER VOSER, CHIEF EXECUTIVE 
OFFICER, ROYAL DUTCH/SHELL

Vehicl
e 

Penetr
ation

“Plug-in electric vehicles (PEVs) are forecast to reach 
400,073 annual sales in the United States and 107,146 in 
Canada by 2020”

In Canada, the provinces of Ontario, Quebec, and British 
Columbia, which account for 75% of the Canadian 
population, will represent 97% of Canadian PEV sales by 
2020. Toronto and Montreal will lead Canadian PEV sales.
Pike Research “Electric Vehicle Geographic Forecasts”
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G2V

http://www.globe-net.com/articles/2012/october/9/electric-vehicle-geographic-
forecasts/

Vehicl
e 
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ation

In Ontario
2020 ~ 50k
2017 ~ 30k
2014 ~ 10k
2012 ~ < 2.5k
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G2V

All data on this page is from Polk & Associates and is received under paid license by EMC
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G2V

All data on this page is from Polk & Associates and is received under paid license by EMC
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G2V

Sales figures sourced from HybridCars.com with additional input from EDTA member 
companies

Cumulative Plug-in Car Sales in US
= 52,835 of the 27,174,040 total sold Dec’10 thru to Dec’12

= 0.194%  of market share

When?
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Penetr
ation

There is an appetite for EVs

Purchasers need to have the money

Purchasers care for the benefits of Evs

Purchasers may want the uniqueness

....  Where? ... Demographics

NEED FAITH WHEN 
NUMBERS DO NOT ADD 

UP
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*Orange section denote the maximum charging power of many on-board chargers currently available.  
The 2013 Nissan Leaf is scheduled to include an upgrade of the on-board charger to the 32A current 
limit. 

Chargin
g Type 
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~2.3kW
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Provincial

www.ieso.ca Reserve (~18-20% required)

Supply 
Adequac

y
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Provincial

www.ieso.ca  18-Month Outlook – Dec’12

Supply 
Adequac

y
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Thermal 
Loadin

g

50 50

~2.3kWavg
~5kWpk *  10 = 

~23kWavg
~50kWpk

+ (#?) * L2  @ 3.3kW = ? overload 

50 kVA1/0 loop 

50 kVA Normal Supply
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Customer PremiseThermal 
Loadin

g
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Off-peak?

  EV (pure)EV (pure) Combustion EngineCombustion Engine
         

Fuel Economy (on the drive) 300Wh/km 10L/100km
        

Fuelling Inefficiency 15%  0% 
        

Fuel Economy (with fuelling) 353Wh/km 10L/100km
  35.3kWh/100km 10L/100km
        

Fuel Cost $          0.100 /kWh  $       1.150 /L
        

Cost / 100km $             3.53    $       11.50  
        
        

Equivalency Point $          0.326 /kWh  $       0.353 /L

Thermal 
Loadin

g
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System 
Losses

Reduce “I” in a segment of 
conductor, reduce losses 

P=I2R

Reduce “V” by 1% reduces 
demand by 1% (dependent 

on resistive load)

Voltage (pu) – vs – Time (cycles)

Voltage 
Stabilit

y

Demand >> Supply

Cycling of large loads

Feeder imbalance

Protective devices

System supportive devices 
needing power

Large load draw
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Feeder 
Imbalanc

e

In a three-phase System:
any or each phase carries 
magnitude of current 15% 

or more than the other

Contributes to System 
Losses

Harmonic
s

ww
w.

po
we

rq
ua

lit
yw

or
ld

.c
om

SAE J2894 “Power Quality 
Requirements for Electric Vehicle 
Chargers” issued 2011/12/08

Non-compliant need study!! (THDi   &  
THDv / on & off-board)

“Understanding the Grid Impacts of Plug-In 
Electric Vehicles (PEV): Phase 1 Study -- 
Distribution Impact Case Studies,” EPRI, 
2012/12/31

“Power Quality Analysis of On-Board Plug-in 
Electric Vehicle Chargers,” EPRI, 2011/12/30 
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Protectio
n

And
Control

Upstream
(Station) Source

Downstream 
(Customer) Source

UUR

Isc1 Isc2

Will Isc1 be enough for P&C 
to device to pick-up?

V2G

www.evindustry.com

www.epeconsulting.com
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V2G

+ -• Vehicle Usability
Battery Life Degradation

Warranty
Range degradation

Range for next trip
• Actual Available Energy

Temperature Affect 
State of Charge
Discharge Rate

• Availability when & where needed ?
• Settlement:

Metering    -- What Rate?
Process      -- Who’s benefactor? 

• What about incapable in-service 

• Grid Support
Micro-Grid during outage
Voltage, Frequency

Energy Storage:
Sink for excess generation
Power flow balance / ballast

• Vehicle Owner Source of 
Revenue
Peak shaving
Arbitrage

• Supports Sustainability
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Upcoming Events

EVCO – meet last Monday of 
every month @ Canada Science 

& Technology Museum

IEEE Electrical Power and Energy 
Conference (EPEC) 2013

August 21-23, 2013
Marriott Harbourfront Hotel, 
Halifax, Nova Scotia, Canada

http://sites.ieee.org/epec2013/
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evco.ca/site

www.emc-mec.ca

www.hydroottawa.com

Resources

Darryl McMahon
www.econogics.com
“The Emperor’s New 
Hydrogen Economy”

www.ieee.org
www.ieeeottawa.ca
electricvehicle.ieee.org

www.sae.org

Raed Abdullah, P.Eng., SMIEEE
w-ph613-738-5499 x.7216
w-e-mail  

RaedAbdullah@hydroottawa.com
P-e-mail   RaedAbdullah@ieee.org
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http://www.ieso.ca/imoweb/pubs/marketReports/
18MonthOutlook_2012sep.pdf
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18-Month Outlook Sep.’12 Report
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18-Month Outlook Dec.’12 Report
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Utilities (municipal & regional)
• Provide incentives and services for home/commercial charging 
installations (i.e. provide no/low cost installation financed thru monthly 
utility bill)
• Provide free charging or low-cost Plug-in vehicle rates (3-4 cents/
kWh off peak)
• Provide “green” renewable electricity options• Commit to fleet 
purchases (15 high-profile vehicles)
 
 
Large Local Employers (as Early Adopters)
• Major corporations provide work-place charging (25 park/charge 
spots) and employee vehicle purchase incentives (add’l $1000/vehicle) 
Commit to corporate fleet purchases (20 vehicles)
 
 
Universities
• Provide campus charging and free parking (10 distributed charging 
locations); Commit/fund university fleet purchases (5 high-profile 
vehicles)

EV_Technology_Roadmap_for_Canada_February_2010.pdf
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G2V

Vehicle 
Penetratio

n

All data on this page is from Polk & Associates and is received under paid license by 
EMC

Cumulative Plug-in Car Registration in Canada
Up to Oct. 2012
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http://ottawa.ca/sites/ottawa.ca/files/attachments/ottpage/adr_2011_en_0.pdf
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