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� Study team
� Report motivations and overview
� Main content:

� Auto Sector Developments and Needs
� Electricity Sector Development and Needs���
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� Electricity Sector Development and Needs
� Consumers, Communities and Markets

� Conclusions and recommendations:
� Infrastructure Issue
� Institutional Aspects
� Consumer Issues
� Auto Sector Challenges and Battery Issues
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� University of Waterloo
� Prof. Claudio Canizares (E&CE and Co-PI): 

expert on power systems and electricity markets.
� Prof. Jatin Nathwani (Co-PI): expert on public 

policy and sustainable energy management.
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policy and sustainable energy management.
� Prof. Kankar Bhattacharya (E&CE): expert on 

power systems and electricity markets
� Prof. Mike Fowler (Chem. Eng.): expert on 

electric-powertrain technologies. 
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� Prof. Mehrdad Kazerani (E&CE): expert on power 
electronics

� Prof. Roydon Fraser (MME): expert on alternative-fuel 
vehicle development.

� Prof. Ian Rowlands (Env. Studies): expert on policy 
and environmental issues in energy systems and 
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and environmental issues in energy systems and 
markets. 

� University of Ontario Institute of Technology 
(UOIT)
� Prof. Hossam Gabbar (Energy Systems and Nuclear 

Science): expert on control and safety engineering of 
generation systems.

4



���
���

���
	
�

���

��

���
���


��
��


���
���


��
��

��  ����	��
���	�!����	�
���

���
���

	
�
���


��
���

���

��

��

���

���

��

��

5



���
���

���
	
�

���

��

���
���


��
��


���
���


��
��

"���#����	�

� Given Ontario’s emerging electricity supply mix and a low GHG footprint, 
enabling PEVs and displacement of gasoline by electricity would be a major 
contribution to GHG reduction from the transport sector. 
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Source: OPA
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� Convergence of the power and the transportation infrastructures has 
enormous implications for Ontario’s auto and power sectors. 

� Opportunity exists to dovetail into smart grid development plans for 
Ontario, and also to identify and address specific "cold-weather" 
conditions given Ontario's climate. 
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� Major auto manufacturers are committed to bringing PEVs to the 
market. In the US, government, universities, utilities and the automotive 
industry are actively partnering to make PEVs a reality in the next 3-10 
years. 

� PEV energy storage capacity presents unique opportunities to better 
integrate “intermittent” energy resources such as solar and wind power. 

� A significant penetration of these vehicles will have important positive 
ramifications for power systems by introducing energy storage capacity ���
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ramifications for power systems by introducing energy storage capacity 
for the grid. 

� The economics and technical considerations appear promising, but 
R&D is needed to address specific technical and system questions and 
identify policy instruments.

� Penetration of PEVs is contingent on availability, cost and consumer 
acceptance. 

� Integration into the existing Ontario power system needs to be 
understood and addressed from infrastructure, planning and regulatory 
perspectives. 
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Corporate Fleets
•Au to  Ren tal
•Co u rier Serv ice

Charging 
Locations and 

Hardware

Grid
•Sy stem  Pla nning  (OPA)
•Tra nsm issio n  Sy stem  
(Hy dro  One)
•Ma rket o pera tio ns (IESO)
•Genera to rs
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� Study to foster adoption and large-scale 
implementation of PEVs in Ontario.

� Stakeholders:
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•Go v ern men t

Consumers
and Drivers

AUTO SECTOR
Manufacturers

Vehicle Auto  Pa rts Ba ttery

Hardware
•Ho m e
•Apa rtm ent

•Cha rg ing  Sta tio n
•Pa rk ing  Lo t
•Office

Utilities /LDC’s
•Distributio n Sy stem s
•Billing , Metering , Da ta  
Serv ices
•Sm a rt Cha rg er Co ntro ls

Energy Service 
Companies

•Ma rketers
•Co nstructio n  Serv ices
•Co nnecto rs

Financing
•Ba nks, Trust Co m pa nies
•Venture  Ca p ita l
•Go v ernm ent
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Policy Frameworks

Policy Goals
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MEDT
Economic development

MOT
Transport policy

MOE
Climate   Land      Air

use   Pollution

MEI
Energy policy

Reduce GHG emissions
Auto sector

Displace gasoline with PEVs
Low Carbon

Electricity Supply
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Business Models

Policies
Incentives

Stakeholders

Auto sector
Electricity Supply

Mix

Value for Customers

Corp social 
responsibility

Economic value of 
batteries to utilities

Price of vehicle-
battery bundle

Cost of vehicle-
battery bundle

Sales
volume

Public interest 
marketing

Charging 
infrastructure

Grid
intelligence

Vehicle 
technologies

Purchase 
incentives

Fleet 
procurement

NGOs Munis Utilities, ESCOs OEMs Corp Sector

Implementable 
Measures

Adapted from the Clinton Climate Initiative10
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� The study indentifies key Ontario specific technical issues 
associated with meeting the electricity demands of PEVs 
while maintaining system reliability and price stability. 

� The study presents a high level summary of the current 
state of development and deployment activity in North 
America.
The study identifies what standards need to be defined and 
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� The study identifies what standards need to be defined and 
what technologies will likely have to be developed to 
support the mass adoption of PEVs in Ontario. 

� The study focuses on the Ontario context but utilize all the 
existing (publicly) available information from external 
jurisdictions and also integrate specific information provided 
by stakeholders.
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� A review is provided of the current state of the 
art, the evolution of key enabling technologies 
and some of the technological challenges and 
barriers for large scale implementation of PEVs 
in Ontario. ���
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in Ontario. 
� Focuses on battery technologies and hybrid 

vehicle architectures and in the identification of 
some of the key technical, environmental, and 
social aspects of these technologies. 

� Challenges in the consumer acceptance of 
these vehicle technologies are also identified.
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� Transportation Energy Sources
� Battery-Based Energy Storage Systems

� Critical Battery Metrics
� Potential Automotive Energy Storage Systems 

Battery Types
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Battery Types
� The Importance of Energy Capacity and Ontario’s 

Climate
� Battery Switching

� Energy Conversion Technologies
� Hybrid Architectures
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� Energy and the Environment
� Life-cycle GHG Emissions
� Life-cycle Energy Use
� Life-cycle Cost of Vehicles
� Useful Value of Services to the Grid for Post-PEV 

Batteries���
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Batteries
� Consumer Acceptance Technical Challenges

� Consumer Concerns and Considerations
� Life-Cycle Costing
� Car Sharing
� Low Speed Electric Vehicles (LSEV)
� Trip Range and Its Impact on PHEV Benefits
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� A detailed review and analysis of the relevant issues and 
related literature associated with the impact of PEVs on 
Ontario’s grid and electricity market are presented.

� All pertinent issues related to the impact of PEVs on 
Ontario’s generation, transmission and distribution systems 
as well as the associated electricity market, and the effects 
and limitations on the adoption of PEVs in Ontario of these ���
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and limitations on the adoption of PEVs in Ontario of these 
systems and market are discussed in detail. 

� The chapter is divided in four main sections, each 
discussing respectively the interplay of PEVs and 
generation plants, PEVs and the transmission system, 
PEVs and distributions networks, and PEVs and the 
electricity market, in general as well as in the particular 
case of Ontario.
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� Generation
� Generation Technologies Relevant to Ontario and 

PEVs
� Maximum Penetration of PEVs and Effect on 

Generation���
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� PEVs as Energy Storage

� Transmission System
� Ontario’s Transmission System Overview
� PEV Impact
� Long-term Expansion Issues Vis-à-vis PEV 

Penetration
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� Distribution Systems
� PEV Impact
� PEV Loads
� PEV Grid Support (V2G)���
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PEV Grid Support (V2G)
� PEV Metering and Retail Pricing Issues

� Electricity Market
� PEV Impact
� Electricity Prices Vis-à-vis PEV Penetration
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� The purpose is to identify the “non-technical” 
barriers and policy issues related to the 
implementation of PHEVs within Ontario.  

� A range of issues are presented, drawing upon 
work in other jurisdictions to identify the ���
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work in other jurisdictions to identify the 
implications for Ontario and to recommend 
strategies to reduce/eliminate the particular 
barrier.  

� Early attention to the emerging agenda sketched 
out would, we believe, serve Ontario well in the 
longer-term.
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� Infrastructure Issues
� Consumer Issues: Costs, Control and 

Acceptance
� How can consumer demand be catalyzed?
� How can demand and supply be matched – in other 

words, how do you overcome the “chicken and egg” 
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words, how do you overcome the “chicken and egg” 
situation?

� How can upfront costs for consumers be reduced to 
increase acceptance?

� How can consumer hesitation – because electric 
vehicles represent a new paradigm in mobility – be 
overcome?

� Solutions and Actions
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� Utility Issues: Interconnectivity, Regulation, 
Standards

� Battery Issues: Costs, Uncertainties, 
Replacement and Life Cycle Management���
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Replacement and Life Cycle Management
� Solutions and Actions
� Markets and Business Models

20



���
���

���
	
�

���

��

���
���


��
��


���
���


��
��

&�	������	��)�*������	�����	�+
�	�������������������

� It will take anywhere from 3 to 5 years for PEVs to begin to 
assume any noteworthy share of the market and longer for 
a critical mass to emerge.  

� For the 2010-2015 timeframe, charging needs can be 
managed with existing options without significant 
disruption.  
Beyond 2015, the planning process, informed by emerging 
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� Beyond 2015, the planning process, informed by emerging 
data on consumer acceptance, would be expected to 
address future needs. 

� Detailed assessments of market potential will be required 
and coordination of activities amongst planning agencies, 
utilities and auto manufacturers will be necessary to ensure 
the requisite infrastructure is in place when needed.
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� Charging:
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� Charging levels:
� There are no significant installation and operation 

challenges and costs for Level 1 overnight charging. 
� Level 2 upgrades to home garage charger could be 

provided either at a small cost (or as an incentive) to 
the first adopters. The cost could be shared between 
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the first adopters. The cost could be shared between 
the utility and the customer or the auto maker. 

� Level 3 fast charging capability will be necessary for 
those customers who opt for it. The technology is 
under development, but this premium service option, 
when available, can be targeted at those willing to pay 
for it. 
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� Workplace charge stations:
� Necessary to develop consumer acceptance of PEVs. 
� The cost of installation and electricity use can be 

recovered in a number of ways such as payroll 
deductions or within the employee’s benefits package.���
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� Public charge stations:
� Need to be installed in high traffic zones providing all 

three options for charging but at different prices. 
� The public installations could be led by either a utility-

municipality partnership or private sector entity 
investment. 
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� Region-specific or neighborhood specific 
“maps” of vehicle purchases and demand for 
charging stations need to be developed.

� The utility should install override controls ���
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� The utility should install override controls 
(with customer agreement) and “entice” the 
customer to charge at times when it is best 
from a utility operations perspective (e.g. 
Peak Saver DR program).
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� Grid and electricity market are currently able of supporting some level of PEV 
charging, and could even have some positive effects at off-peak hours:
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� Charging of PEVs during on-peak hours will have a 
significant effect on the grid that will have to be planned for, 
especially in highly populated areas such as the GTA due 
to clustering.  

� Significant PEV penetration levels:
� Will definitely impact the grid and its associated electricity market.

Even if all charging takes place at night, there will be upward 
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� Even if all charging takes place at night, there will be upward 
pressure on electricity prices. 

� Prices should be conveyed in a “smart” manner to make optimal 
charging decisions.

� To mitigate and manage the impact that high penetration 
and concentration of PEVs, “smart charging” strategies and 
technologies will have to be developed and deployed in the 
context of smart grid technologies. 
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� Vehicle-to-Grid (V2G) as well as Vehicle-to-House (V2H) 
technologies:
� Present many potential advantages to the grid such as regulation 

and energy storage for wind and solar power. 
� These technologies will not be economically feasible until several 

of the issues with batteries are resolved. 
� Since technologies will likely improve in the long-term, R&D is ���
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� Since technologies will likely improve in the long-term, R&D is 
needed now to be ready for deployment. 

� Standards for PEV charging devices:
� Installations and communications are currently under 

development by a variety of institutions (e.g. SAE, UL, CSA). 
� These communication standards will be very much dependent on 

the standards finally adopted for smart grid applications (e.g. 
ZigBee and WiFi). 
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� A “champion” agency should be identified 
and empowered to ensure the policy goals 
can be attained.  

� The lead agency would work with all 
stakeholders to develop a clear set of ���
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stakeholders to develop a clear set of 
regional plans for implementing electric 
mobility initiatives. 

� To promote sustainable mobility, the planning 
efforts must also address social science 
issues such as urban land use and others.
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� Fuel costs strongly favor PEVs (~3 to 5 times lower per km 
than for a standard gasoline vehicle), but capital costs are 
higher and require significant further development for full 
commercial feasibility. 

� The up-front higher costs require a policy response and a 
detailed consideration of the credits accrued through 
reduction GHG emission and air pollution. These additional ���

���
���

	
�
���


��
���

���

��

��

���

���

��

��

reduction GHG emission and air pollution. These additional 
costs will likely decline with greater uptake. 

� To overcome customers’ reluctance to the higher initial 
capital costs, partnerships with financial institutions and 
automobile dealers need to be developed.  

� A business strategy is needed to capture all key incentives 
such as vouchers for home chargers, coupons for free off-
peak electricity and other rebates, which could be bundled 
to lower the capital cost barrier. 
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� There is a need to balance “consumer” and 
“fleet” approaches for early investment in new 
vehicles. 

� Specific actions can be taken so that 
consumers can effectively become a part of ���
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consumers can effectively become a part of 
the PEV-transition (e.g. preferential or free 
parking locations, access to HOV lanes).  

� Education plans for consumers, municipal 
governments, local business and utilities 
should be created.  
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� High battery costs and uncertainty in key 
parameters render consumers, automakers, and 
utilities unwilling to assume the risk of ownership. 

� The most important component of the PEV is the 
battery pack that influences the primary cost, range, 
and weight. ���
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and weight. 
� There is a strong need to improve battery durability, 

with thermal issues becoming more critical as 
energy and power densities are increased. 

� Limited range PEVs (< 100 km in an all-electric 
mode) meet the needs of most urban and sub-urban 
families for most of the time. 
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� For an extended trip, the range anxiety is diminished by 
hybrid mode of operation through “conventional” gasoline 
engine. 

� The size of the battery pack and its cost can be optimized 
to cater to the needs of most of the consumers. 

� For most consumers, charging at home during off-peak 
hours with low cost electricity and without requirements for 
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hours with low cost electricity and without requirements for 
major home upgrades would enhance acceptance.

� The low-daily-mileage characteristic of current drivers is 
why PEVs have potential to displace a large fraction of per-
vehicle petroleum consumption. 

� Studies are needed to provide Ontario relevant estimates of 
the magnitude of this petroleum displacement benefit.
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� Customers with higher expectations for a vehicle to 
drive longer distances and fast charging:
� Will require batteries capable of a high recharge rate, 

upgrades to the home outlets and an appropriate refueling 
infrastructure away from home. 

� This is a challenge that needs to be addressed through 
technology developments to ensure that rapid recharge 
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technology developments to ensure that rapid recharge 
does not have an unacceptable impact on battery durability 
and performance.

� In the present market and technology development 
context, the economic competitiveness of long all-
electrical range vehicles (> 200 km) appears 
questionable, due to the need for rapid-recharging 
and expensive and heavy batteries. 
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� More accurate life-cycle analyses are needed to 
better guide decision makers considering PEVs 
in transportation

� Better, higher fidelity, modeling and in-field data 
for PEVs is needed. Of particular importance is ���
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for PEVs is needed. Of particular importance is 
the need to determine the actual drive cycles of 
drivers in Ontario. 

� The challenge of the battery will continue to be 
the dominant considerations in realizing the 
vision of sustainable mobility through 
electrification. 
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� There is a role for business models to help reduce the 
barriers over time, such as battery leasing, mobile phone-
style transportation contracts, vehicle leasing,  and car-
clubs. 

� Current battery designs and regulations result in over-
design relative to an optimal case that would promote a 
faster adoption of PEVs. Possible solutions are:���
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faster adoption of PEVs. Possible solutions are:
� Promote early battery replacement by changing the battery 

design requirement.
� Develop technical and economic research to quantify key life-

cycle parameters.
� Promote a strong secondary use market with applications in the 

utility T&D sectors
� Allow utility rate-basing of battery purchases for key grid 

applications.
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