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VERIFIED REBUTTAL TESTIMONY OF KEN FLORA 

Q1. Please state your name, employer and business address. 1 

A1. My name is Ken Flora.  I am employed by Indianapolis Power & Light Company (“IPL” 2 

or “Company”), One Monument Circle, Indianapolis, Indiana, 46204.  My position is 3 

Director, Regulatory Affairs. 4 

Q2. Are you the same Ken Flora who prefiled Direct Testimony in this Cause on 5 

October 15, 2010 and Supplemental Direct Testimony on December 10, 2010? 6 

A2. Yes. 7 

Q3. What is the purpose of your rebuttal testimony? 8 

A3. The purpose of my rebuttal testimony is to address certain issues raised by the OUCC and 9 

Industrial Group and to provide an introduction of the other IPL witnesses providing 10 

rebuttal testimony in this proceeding. 11 

Overview 12 

Q4. What is your general reaction to the testimony of the OUCC and the Industrial 13 

Group? 14 

A4. While there are issues the parties do not agree on, it is important not to lose sight of the 15 

many issues that are not disputed.  IPL has proposed a substantial expansion of DSM in 16 

its service territory to comply with the Indiana Utility Regulatory Commission’s 17 

(“Commission”) December 9, 2009 Order in Cause No. 42693 (the “Generic DSM 18 

Order”).  Petitioner’s Exhibit LHA-3, which identified the DSM programs proposed by 19 
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IPL, describes twenty-one DSM programs.1  No substantive opposition was raised to 1 

seventeen of these programs, and IPL has accepted the OUCC’s recommendations with 2 

respect to one of the disputed programs.  IPL also notes its appreciation of the OUCC’s 3 

efforts in the IPL Oversight Board (“OSB”) and willingness to meet in advance of the 4 

filing of this case to discuss IPL’s DSM plans.   5 

Q5. What has compelled you to emphasize the lack of disagreement over much of IPL’s 6 

proposal?  7 

A5. Some of the disputed issues have generated strong reactions that mask the lack of 8 

disagreement over the majority of IPL’s initial 3-year DSM Plan (the “3-Year Plan”).   9 

Q6. Please provide some examples of the strong reactions you are referring to. 10 

A6. The OUCC accuses IPL of playing “the part of venture capitalist using ratepayers’ funds” 11 

and of “monopolizing the public [electric vehicle supply equipment (‘EVSE’) sector.”  12 

Public’s Exhibit No. 1, p. 8.  IPL is also accused of engendering “regulatory inefficiency” 13 

by supplementing its testimony and reacting to changing circumstances that impacted 14 

Rate REP.  Public’s Exhibit No. 1, p. 4.  The OUCC characterizes IPL’s case-in-chief as 15 

an “apparently premature filing”.  Public’s Exhibit No. 1, p. 4.  IPL expects zealous 16 

advocacy on behalf of ratepayers from the OUCC, but these comments in particular go 17 

beyond advocacy and mischaracterize IPL’s actions and proposals.   18 

Q7. How are these statements mischaracterizations of IPL’s actions? 19 

                                                 
1  Petitioner’s Exhibit LHA-3 refers to the Online Energy Feedback and Program Outreach and Messaging and Other 
Indirect Costs as “Programs” due to the organization of the report.  IPL does not really consider these stand alone 
DSM programs but tools to support IPL’s 3-Year DSM Plan. 
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A7. The OUCC’s claims that IPL is acting as a venture capitalist with ratepayer funds and 1 

seeking to monopolize EVSE are simply false.  IPL is not playing the part of venture 2 

capitalist by purchasing EVSE and installing it in its service territory.  Venture capitalists 3 

provide capital to businesses to fund growth.  IPL is merely purchasing equipment to 4 

serve the needs of its customers.  The OUCC acknowledged in discovery that IPL’s 5 

proposal in no way seeks to exclude others from installing public EVSE, so the 6 

accusation that IPL is trying to monopolize EVSE also has no merit.  Petitioner’s Exhibit 7 

KF-R2.  Similarly, there is no basis to the OUCC’s contention that IPL’s filing was 8 

premature.  IPL has been moving quickly to react to deadlines and circumstances largely 9 

beyond IPL’s control that required prompt attention, but no significant errors have been 10 

identified in its filings that would suggest IPL filed its case prematurely.  I will address 11 

claims that IPL has caused regulatory inefficiency later in my testimony.   12 

Q8. What deadline and circumstances required IPL to move quickly on the issues raised 13 

in this proceeding? 14 

A8. There were several.  The Generic DSM Order imposed significant responsibilities on IPL 15 

in a relatively short period of time.  I am surprised at the apparent lack of appreciation for 16 

the efforts IPL must make to mitigate the increased risk and uncertainty associated with 17 

not meeting the requirements established by the Order.  The Generic DSM Order required 18 

IPL to move quickly to design expanded DSM programs to satisfy the energy savings 19 

targets.  IPL also moved to obtain prompt approval of its EVSE proposal in this pending 20 

proceeding due to the perceived need by Project Plug-In to make EVSE available as soon 21 

as possible to foster development and pave the way for IPL to take advantage of available 22 

grants to offset the cost, as IPL Witness Soller explains.  Similarly, the Rate REP filing 23 
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was driven by changes that occurred after the filing of this case and a desire to quickly 1 

address problems that would have been more difficult to address had IPL not acted 2 

quickly.  3 

Q9. Do you have any other observations about positions taken by the OUCC? 4 

A9. The OUCC recommends the denial of certain programs proposed with this DSM 5 

proceeding as a result of its narrow definition of what is DSM.  A narrow view of what is 6 

and what is not DSM is not in the best interest of customers or utilities now as we 7 

endeavor to meet the Commission’s energy efficiency savings targets.  The Commission 8 

itself has embraced a broader view of DSM.  Its DSM rules define DSM as “the planning, 9 

implementation, and monitoring of a utility activity designed to influence customer use of 10 

electricity that produces a desired change in a utility’s load shape.”  170 IAC 4-8-1(e).  11 

The Generic DSM Order, which was intended to “supplement” the DSM rules, focuses 12 

on energy savings.  Phase II Order, pp. 29 and 31-32.  For example, the OUCC’s narrow 13 

view has caused it to conclude that incentives for customers-sited renewable energy 14 

technologies which reduce a customer’s electric use would not qualify for DSM, although 15 

the Commission explicitly identified this as a potential Core Plus Program in the Generic 16 

DSM Order.  See Petitioner’s Exhibit KF-R3; Generic DSM Order, p. 36.  As I explain 17 

later in my testimony, a similarly narrow view of DSM also leads the OUCC to conclude 18 

EVSE included in IPL’s EV Charging Plan does not constitute DSM. 19 

Self-Direct Demand Side Management (“DSM”) Plans 20 

Q10. Mr. Phillips advocates adoption of self-directed energy efficiency plans for large 21 

business customers.  Phillips’ Direct Testimony, pp. 12-17.  Would IPL consider 22 

allowing customers to participate in self-directed energy efficiency plans? 23 
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A10. IPL might consider an appropriately designed self-directed energy efficiency plan for its 1 

large business customers.  IPL is aware that considerable costs will be imposed on its 2 

large customers to comply with the mandates established in Generic DSM Order.  3 

However, Mr. Phillips’ proposal does not address a number of concerns that would need 4 

to be vetted before a self-directed program could be implemented and, for that reason, 5 

IPL does not support adopting self-directed energy efficiency plans in this proceeding.   6 

Q11. What details does Mr. Phillips provide about the self-directed energy-efficiency 7 

plans he advocates? 8 

A11. Mr. Phillips proposes a collaborative with IPL, the OUCC and the IPL Large Customer 9 

Group to present a plan that makes “reasonable financial investment in energy efficiency 10 

and/or demand response measures.”  Phillips Direct Testimony, pp. 15-16.  The customer 11 

would also be allowed to present information about its past investment in energy 12 

efficiency measures.  There is then to be agreement reached about a reasonable level of 13 

energy efficiency.  Any inability to agree would be brought before the Commission.  14 

Participating customers would not pay the surcharge. 15 

Q12. What concerns do you have with Mr. Phillips’ proposal for self-directed plans? 16 

A12. There are a number of uncertainties that would need to be resolved before implementing 17 

self-directed plans.  For example, Mr. Phillips is not clear about how past investment in 18 

energy efficiency measures will be weighed in the proposed self-directed plans.  While 19 

IPL applauds customer efforts to be more efficient, allowing the customer to take credit 20 

for those investments by opting-out of IPL’s DSM program is problematic because the 21 

Commission’s energy savings goals established in its Generic DSM Order only consider 22 

future savings goals and do not take into account any previously incurred savings from 23 
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customers.  It is not clear under Mr. Phillips proposal how prior energy savings would be 1 

counted and what impact they would have on IPL’s required energy savings targets in the 2 

Generic DSM Order. 3 

Another uncertainty is what impact this proposal would have on other customers.  IPL is 4 

required to offer programs to its commercial customers under the terms of the Generic 5 

DSM Order.  If several large customers opt out, the costs will be shifted to other 6 

customers who choose not to or are unable to opt-out.   7 

No analysis has been performed to evaluate what impact this might have on the 8 

commercial and industrial Core Program component.  The DSM Coordination Committee 9 

(“DSMCC”) created by the Generic DSM Order has negotiated an agreement with a third 10 

party administrator (the “TPA”) to offer this and other Core Programs.  Uncertainty over 11 

the impact of allowing self-directed plans on the energy savings assumed from 12 

commercial and industrial customers might adversely impact that agreement.    13 

IPL also has some concerns about the vagueness of determining a “reasonable” level of 14 

energy savings that would warrant a customer being excused from Rider No. 22.  The 15 

uncertainty creates the potential for conflict between IPL and its customers because IPL 16 

would be incented to achieve higher energy savings to satisfy its DSM energy savings 17 

targets while its customers may prefer the minimum investment necessary to avoid 18 

paying the Rider No. 22 DSM rate. 19 

Further concerns include who would bear the cost to administer the self-directed program 20 

and whether the utility would be at risk for the customer’s performance under the self-21 

directed plan.  IPL met with the Industrial Group in advance of filing its case-in-chief in 22 
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this proceeding and discussed the Industrial Group’s concerns about the impact of the 1 

DSM mandates from the Generic DSM Order on IPL’s largest customers.  IPL will 2 

continue to engage in a dialogue with the Industrial Group and IPL’s customers to 3 

monitor the impact of the DSM initiatives.   4 

Q13. The OUCC raises a concern with regard to offering special contracts for 5 

commercial and industrial (“C&I”) customers to allow them to be excluded from 6 

DSM program cost recovery.  What is IPL’s position regarding such contracts?  7 

A13. The Commission’s Generic DSM order indicates that DSM offerings must be available to 8 

all customer classes and market classes (p. 29).   I do not see a provision from that Order 9 

allowing C&I customers to opt out, and therefore the Commission would need to approve 10 

such a provision before IPL would enter into any such agreement.     11 

Cost Recovery 12 

Q14. OUCC Witness Barbara Smith recommends IPL petition the Commission if it needs 13 

to exceed its approved budget, except for Program Year 3, where the OUCC would 14 

recommend IPL be allowed to spend up to 110% of the approved budget amount in 15 

order to expedite the process and ensure IPL meets its DSM goals.  Do you agree 16 

with Ms. Smith’s recommendation? 17 

A14. No.  IPL will need flexibility to modify its plan in order to meet the targets established by 18 

the Generic DSM Order.  IPL believes a reasonable compromise to the OUCC’s proposal 19 

would be for it to have the authority to spend 110% of the approved budget amounts on a 20 

cumulative basis for the 3-Year Plan provided that the OSB would approve the allocation 21 

of additional funds to individual DSM programs.   22 
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Q15. Should IPL be precluded from recovering any TPA costs that exceed the least-cost, 1 

qualified bid that is received to provide the Core Programs? 2 

A15. No.  Mr. Phillips’ recommendation relates to the TPA IPL is required to contract with to 3 

provide the Core Programs under the Generic DSM Order.  Phillips Direct Testimony, p. 4 

11.  The Commission will ultimately approve the TPA.  Once that approval has occurred, 5 

the Commission’s January 26, 2011 Interim Order in Cause No. 42693-S1 (the “Interim 6 

Order”) makes clear that IPL will be required to contract with the approved TPA to 7 

provide the Core Programs in its service territory.  Interim Order, p. 8.  The Interim Order 8 

also concluded that approval of the TPA contract by the Commission “forecloses 9 

challenges to the ability to seek timely recovery of those approved contract costs.”  Id.  10 

This approval process will eliminate future challenges to IPL’s recovery of TPA costs. 11 

Q16. Mr. Phillips contends that it is inappropriate and unnecessary to use performance 12 

incentives to encourage IPL’s shareholders to comply with the Generic DSM Order.  13 

Direct Testimony of Nicholas Phillips, Jr., p. 10.  Does IPL continue to believe it is 14 

appropriate to approve performance incentives? 15 

A16. Yes.  The Generic DSM Order, in establishing the annual energy savings targets, 16 

recognized the targets represent “a savings floor” and encouraged IPL and other utilities 17 

“to utilize best efforts to exceed the savings goals.”  Generic DSM Order, p. 32.  18 

Eliminating performance incentives, as Mr. Phillips advocates, would remove a valuable 19 

inducement to achieve the Generic DSM Order’s goal of exceeding the savings goal.     20 

EVSE  21 

Q17. What position does the OUCC take with regard to IPL’s EV Charging Plan 22 

proposal? 23 
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A17. The OUCC proposes rejecting IPL’s proposal to recover EVSE costs through Rider No. 1 

22, asserting that the EVSE is not DSM. 2 

Q18. Do you continue to believe the EVSE IPL is proposing to install as part of its EV 3 

Charging Plan qualifies as DSM? 4 

A18. Yes, I do.  As Ms. Soller explains in her testimony, the Commission’s DSM rules (170 5 

IAC 4-7-1 et seq.) and its orders dealing with DSM make clear that DSM is not limited to 6 

only programs that reduce energy.  DSM also focuses on shifting a customer’s load to 7 

assist in peak planning.  The EVSE IPL proposes to install at its service locations is 8 

designed to manage electric vehicle (“EV”) charging to lower peak periods, qualifying it 9 

as DSM.  Ms. Soller explains the direct intervention IPL can take through the EVSE to 10 

shift load during peak periods. 11 

Q19. The OUCC advocates convening a generic investigation regarding deployment of 12 

EVSE.  Does IPL agree with the need for such a generic investigation? 13 

A19. Not necessarily.  As discussed in IPL’s Supplemental Direct Testimony in this 14 

proceeding, IPL is already a partner with Project Plug-IN, a cooperative group of industry 15 

and government entities working cooperatively to develop, deploy, market, and evaluate 16 

a range of plug in vehicles powered by an integrated charging infrastructure located at 17 

homes, businesses and parking facilities.  This is not to say that IPL would be unwilling 18 

to participate in a generic investigation.  IPL has already participated in a technical 19 

conference with the Commission and the OUCC and has met with the OUCC on several 20 

occasions to discuss the progress of its support for EVs.  IPL has arranged for meetings 21 

between the OUCC and various Project Plug-In participants to help develop many of 22 

these issues.  If the Commission believes a formal investigation would be of benefit, IPL 23 
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will fully participate.  IPL does not support denying the relief sought in this proceeding 1 

pending the outcome of a generic investigation that the OUCC indicated should be “a 2 

deliberate process and measured pace.”  Public’s Exhibit No. 2, p. 31. 3 

However, the OUCC’s call for a generic investigation is difficult to square with the 4 

limited role it advocates for utility support of EVs.  Mr. Keen’s testimony takes the 5 

position that the only real role for electric utilities is to develop rates that should be 6 

charged to EV drivers and to investigate the need for infrastructure improvements. 7 

Public’s Exhibit No. 2, pp. 14-17.   8 

Certain Other DSM Programs  9 
 10 

Q20. Does the OUCC oppose other programs proposed by IPL? 11 

A20. Yes.  IPL Witnesses Soller and Allen will discuss these programs in detail and why they 12 

are appropriate for inclusion in IPL’s DSM plan.  For example, the OUCC opposes the 13 

recovery of IPL’s Customer Energy Management System (“CEMS”) program.  OUCC 14 

Witness Keen testifies “the OUCC sees incredible value in the (CEMS) program for both 15 

the utility and the consumer,” although he would not support it as a DSM program 16 

because he believes it does not include direct intervention by the utility.  However, I do 17 

consider the provision of tools that allow the customer to automatically manage their 18 

electric consumption to be direct intervention.  Moreover, the CEMS program includes 19 

programmable controllable thermostats that will allow IPL to control the thermostat and 20 

raise the temperature in the home so that the customer’s air conditioner runs less during 21 

an event than it would otherwise run.     22 
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Q21. Are there additional examples of programs or studies the OUCC oppose as part of 1 

IPL’s DSM plan? 2 

A21. Yes.  The OUCC opposes approval of IPL’s proposed Smart Appliance Program (“SAP”) 3 

and instead recommends a separate docketed proceeding or sub-docket be initiated to 4 

review a comprehensive project plan.  The OUCC also opposes the proposed Energy 5 

Consumer Behavior Study. 6 

Q22. Does this recommendation regarding the SAP seem reasonable? 7 

A22. No.  IPL has included this modest request to develop a pilot project to work with the 8 

OUCC, a local appliance retail company and other interested parties to test the ability of 9 

appliances to respond to price signals and compare results to design criteria of potential 10 

demand and energy savings.  The parties would work together to develop the details of 11 

the project and to establish objectives.  A separate proceeding to develop a 12 

comprehensive plan does not appear to be the most efficient approach to exploring this 13 

new technology.  14 

Q23. What is your response to the lack of support for these exploratory projects? 15 

A23. Indiana is entering into a new paradigm for developing programs that help customers 16 

manage electric energy consumption.  The initial DSM programs established by the 17 

utilities will use primarily traditional methods to achieve the energy savings.  However, 18 

over the horizon of the Commission’s 10 year timeframe for reaching the annual 2% 19 

energy savings, IPL anticipates incremental energy savings will become increasingly 20 

difficult to obtain.  Therefore, we should act now to explore new technologies and to 21 

better understand customer behavior and preferences so the required incremental energy 22 

savings are not cost prohibitive.   23 
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Modifications to IPL’s Testimony 1 

Q24. Do you agree with Ms. Smith that the changes IPL made to its case-in-chief caused 2 

regulatory inefficiency in this case?  Public’s Exhibit No. 1, p. 4. 3 

A24. No.  I would first note that IPL only submitted two filings that changed its case-in-chief.  4 

One of the changes identified by Ms. Smith, the withdrawal of IPL’s Rate REP motion, 5 

did not occur.  Public’s Exhibit No. 1, p. 4.  IPL’s Response opposed the extension 6 

sought by the OUCC but it did not withdraw the relief associated with Rate REP. 7 

With respect to the remaining changes, the first change identified by Ms. Smith promoted 8 

efficiency by removing the issue of lost margins that was effectively decided in Cause 9 

No. 43911 after IPL filed its case-in-chief.  IPL saved all parties time by eliminating an 10 

issue that was rendered moot by the Final Order in Cause No. 43911.   11 

At the same time it withdrew its request to recover lost margins, IPL also sought cost 12 

recovery associated with EVSE.  Had IPL not included this request in its Supplemental 13 

Direct Testimony, a separately docketed proceeding would have been required.  IPL 14 

believes it was more efficient to address this DSM program in the context of its 15 

comprehensive DSM proceeding rather than to prepare and file a separate petition, 16 

require the parties to prepare testimony in a different proceeding and participate in 17 

another hearing.   18 

On February 7, 2011 IPL proposed to withdraw its Rate REP revisions for consideration 19 

in a separately docketed proceeding and requested to suspend Rate REP pending the 20 

outcome of the separate proceeding.  Admittedly, this revision was filed eight days before 21 

the testimony of the other parties was submitted.  This change was necessary due to 22 
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several large developers expressing interest in Rate REP that did not begin until 1 

December, 2010.  IPL was not able to digest the impact of these applications until late 2 

January, 2011 and implemented a plan to address these issues as soon as it could.  The 3 

analysis already performed by the OUCC and other parties would have been valid in the 4 

separately docketed proceeding, so any regulatory inefficiency should have been 5 

minimized.     6 

Q25. Does IPL understand that including EVSE in this proceeding represented an 7 

expansion requiring analysis by the OUCC? 8 

A25. Yes.  IPL contacted the OUCC to discuss the procedural schedule and the submission of 9 

the Supplemental Direct Testimony in advance of the filing.  The OUCC indicated that it 10 

would require an additional four weeks to conduct this analysis so IPL moved to modify 11 

the schedule accordingly.   12 

Q26. Do you think it is necessary for the Commission to add a “no later than” date for 13 

any modifications to a Petitioner’s Case-in-Chief absent emergency or other change 14 

beyond the Petitioner’s control? 15 

A26. No.  The Commission has ample authority to adopt appropriate procedures for a 16 

particular modification that causes other parties substantial inconvenience.  A blanket 17 

rule is not necessary.     18 

Summary 19 

Q27. IPL’s testimony is that it must act now to identify new tools that are effective and 20 

that will be embraced by customers to help them manage electric consumption.  21 

Why is IPL well-positioned to explore these issues? 22 
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A27. IPL has a proven track record as a leader in a variety of areas, including advanced 1 

technology, customer rate options and reliability.  For example, IPL has two decades of 2 

experience of continuously offering DSM programs to its customers.  IPL was among the 3 

first utilities in the Midwest to install an automated meter reading system.  IPL is 4 

currently installing advanced metering infrastructure for many of its customers.  IPL 5 

successfully applied for a smart grid investment grant for $20 million to help fund a 6 

portion of several of its current projects, to reduce the cost and provide this benefit to 7 

customers.  This long track record for researching and deploying advanced technology, 8 

new rate options and other programs demonstrates IPL’s commitment to providing 9 

exceptional customer service and value to our customers.   10 

Q28. Who else will be providing rebuttal testimony on behalf of the Company in this 11 

proceeding? 12 

A28. Below is a summary of witnesses and brief summaries of what they will be addressing in 13 

rebuttal testimony. 14 

 Mr. Lester Allen addresses the concerns raised by the OUCC regarding IPL’s 15 

3-Year DSM Plan to comply with the Generic DSM Order including interaction with 16 

IPL’s Oversight Board and discrete aspects of certain DSM programs.   17 

 Ms. Joan Soller responds to comments from the OUCC related to the proposed 18 

Customer Outreach and Education programs, CEMS, and EVSE program and reiterates 19 

why they qualify as DSM. 20 

 Mr. John Haselden addresses the concerns raised by the OUCC and the Indiana 21 

Distributed Energy Advocates (“IDEA”) concerning IPL’s proposed changes to Rate 22 
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REP (Renewable Energy Production) and its Motion to withdraw those changes from this 1 

proceeding.  Mr. Haselden will also respond to the OUCC’s concerns about Evaluation, 2 

Measurement and Verification (“EM&V”) costs and net-to-gross estimates. 3 

 Mr. James Cutshaw addresses comments regarding IPL’s proposed Rider No. 4 

22. 5 

Q29. Does this conclude your prepared rebuttal testimony? 6 

A29. Yes, at this time. 7 
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VERIFIED REBUTTAL TESTIMONY OF LESTER H. ALLEN 

Q1. Please state your name, employer and business address. 1 

A1. My name is Lester H. Allen.  I am employed by Indianapolis Power & Light Company 2 

(“IPL” or “Company”), One Monument Circle, Indianapolis, Indiana, 46204.  My 3 

position is Team Leader, Marketing and Program Management. 4 

Q2. Are you the same Lester H. Allen who prefiled Direct Testimony in this Cause on 5 

October 15, 2010 and Supplemental Direct Testimony on December 10, 2010? 6 

A2. Yes. 7 

Q3. What is the purpose of your rebuttal testimony? 8 

A3. I will address the concerns raised by the Indiana Office of Utility Consumer Counselor 9 

(“OUCC”) Witness April Paronish in Public’s Exhibit No. 2 concerning IPL’s 3-year 10 

proposed demand side management (“DSM”) plan (the “3-Year DSM Plan”) to comply 11 

with the Indiana Utility Regulatory Commission’s (“Commission”) December 9, 2009 12 

Phase II Order in Cause No 42693 (the “Generic DSM Order”).  Specifically, I will 13 

respond to Ms. Paronish’s discussion about the role of the Oversight Board (“OSB”) that 14 

oversees IPL’s DSM programs, her concerns about certain discrete DSM programs IPL is 15 

implementing and inputs into the assumptions regarding the 3-Year DSM Plan.   16 

IPL OSB 17 

Q4. Have you reviewed Ms. Paronish’s concerns about IPL’s consultation with the 18 

OSB? 19 

A4. Yes. 20 

Q5. Who are the members of IPL’s OSB? 21 
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A5. The IPL OSB consists of representatives from IPL and the OUCC. 1 

Q6. How frequently does the IPL OSB meet? 2 

A6. Actions to form the OSB were initiated in the first quarter of 2010.  Since, March, 2010, 3 

the OSB has generally met on a monthly basis1.  This regular meeting schedule is 4 

necessary to ensure adequate communication between IPL and the OSB as IPL rolls out 5 

several new DSM programs.  The regular OSB meetings are also intended to provide 6 

sufficient opportunities for the OUCC to give input on the IPL programs.  Program 7 

information and proposed changes are also sometimes communicated and approved via 8 

electronic mail when it is more timely and practical to do so than in the regularly 9 

scheduled meetings.   10 

The IPL OSB and the Citizens OSB also frequently meet jointly to discuss collaborative 11 

efforts to jointly deliver several DSM programs such as the Residential Energy 12 

Assessment program and the School Energy Education Program. 13 

Q7. What is the purpose of the OSB? 14 

A7. The Commission’s February 10, 2010 Phase I Order in Cause No. 43623 (the “43623 15 

Order”) noted that IPL had proposed creation of the OSB to “monitor IPL’s DSM 16 

programs, evaluate and determine program effectiveness and make decisions regarding 17 

program creation, modification, funding and discontinuation.”  43623 Order, 59.  IPL’s 18 

proposal was for the OSB to serve these roles with respect to the DSM programs 19 

approved by the Commission in the 43623 Order.  Changes to approved DSM programs 20 

                                                 
1    There was no meeting of the IPL OSB in May, 2010, but two meetings were held in June, 2010 (on June 4th and 
June 24th).  Due to scheduling difficulties IPL and the OUCC were not able to find a date in December, 2010 to 
meet. 
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plans are often necessary to improve program effectiveness based on actual program 1 

delivery experience and feedback received from the evaluation, measurement and 2 

verification (“EM&V”) contractor.  IPL proposed the OSB to oversee proposed changes 3 

to the DSM plan, thereby soliciting the views of interested stakeholders before programs 4 

are modified.  The changes might include re-allocating the proposed budget to spend 5 

more on successful programs and less on programs that are not achieving targets or to 6 

change the design of a program to better achieve objectives.   7 

Q8. Ms. Paronish understands that the option of petitioning the Commission in a 8 

separate cause for approval of DSM and energy savings plans to be a last resort for 9 

IPL after attempting to work through the OSB.  Public’s Exhibit No. 3, p. 14.  Is 10 

that IPL’s understanding of the OSB? 11 

A8. I agree with Ms. Paronish that changes to existing DSM programs approved in Cause No. 12 

43623 were to be brought before the OSB first and only raised before the Commission if 13 

agreement could not be reached at the OSB.  Fortunately, the OSB has worked well and 14 

the members have not had any disagreement to bring to the Commission.  IPL proposes 15 

to continue working through the OSB to implement the 3-Year DSM Program, as 16 

approved by a final order in this proceeding, and would resort to the Commission only if 17 

agreement could not be reached with the OSB.  However, IPL did not understand the 18 

purpose of the OSB as approving new DSM plans.  Commission approval would have 19 

been required regardless of the involvement of the OSB because the Generic DSM Order 20 

requires IPL to periodically file 3-year DSM programs for Commission approval over a 21 

ten year period.  Generic DSM Order, 52.   22 

Q9. What has IPL learned and how has IPL benefited from participation in the OSB? 23 
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A9. The OSB has provided IPL with the opportunity to get a better understanding from the 1 

OUCC and other participants in the OSB of what is working for other utilities as they 2 

implement similar DSM programs.2  In particular, the OUCC as a participant in a number 3 

of other gas and electric oversight boards provides an information conduit between the 4 

utility programs.  I would also like to acknowledge all the time and effort the OUCC has 5 

exerted in being part of the IPL OSB.  IPL has made a good faith effort to be 6 

communicative and open with the OUCC in the OSB meetings.  The dialogue has been 7 

open and frank and there has been a consistent willingness among the members to share 8 

ideas and propose program changes to improve the delivery of the DSM programs.  9 

Therefore, the tone of the OUCC testimony that suggests IPL has not been fully 10 

transparent and cooperative with the OUCC is disappointing.  Since the OSB is a new 11 

requirement for IPL, I acknowledge some issues in providing information with an 12 

adequate lead time for review prior to meetings.  However, we have continuously 13 

attempted to learn and improve the process over the past year based on feedback received 14 

from the OUCC. 15 

Q10. Ms. Paronish mentions a meeting between IPL and the OUCC regarding this filing.  16 

Public’s Exhibit No. 3, p. 14.  Can you summarize that meeting? 17 

A10.  Yes, on September 22, 2010, representatives of IPL met with several members of the 18 

OUCC Staff.  This meeting was requested by IPL to brief the OUCC on IPL’s 3-Year 19 

DSM Plan (prior to filing our Case in Chief on October 15, 2010) to meet the significant 20 

energy efficiency targets established by the Commission in the Generic DSM Order.  A 21 

                                                 
2  Although the OUCC and IPL are the only members of the IPL OSB, the meetings often include representatives of 
Citizens Gas and the Wisconsin Energy Conservation Corporation due to the joint delivery of certain programs.  
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significant amount of discussion about several of the new and modified IPL programs 1 

occurred during this meeting. 2 

Q11. Did the OUCC request additional detail and discussion regarding the proposed 3 

modifications and additions that now constitute the 3-Year DSM Plan? 4 

A11. No.  In the September 22, 2010 meeting with the OUCC, IPL provided an exhibit  with 5 

significant details on estimated customer participation and estimated savings for all the 6 

programs that it planned to offer in this proceeding (Cause No. 43960).  While the exhibit 7 

IPL provided did not have a detailed comparison to the existing 3-year plan (as approved 8 

in Cause No. 43623), IPL discussed any differences between the two plans during the 9 

meeting. 10 

Q12. Why didn’t IPL collaborate with the OSB in its decision to hire Vista Energy 11 

Group, Inc. (“Vista”)? 12 

A12. IPL engaged Vista to assist it in preparing the 3-Year DSM Plan.  As noted, the majority 13 

of the programs in the 3-Year DSM Plan are the same as the programs that were 14 

approved for inclusion in the plan approved in Cause No. 43623 (the “Current DSM 15 

Plan”).  Vista, had served as IPL’s consultant assisting in the development of the Current 16 

DSM Plan and had therefore, recently modeled many of the programs.  It was logical and 17 

practical to solicit Vista’s assistance given the tight time frames to develop and submit 18 

the proposed 3-Year DSM Plan.   19 

Q13. Why did IPL engage Vista rather than using the DSMore software it already owns? 20 

A13. Ms. Paronish claims that IPL has not taken full advantage of the DSMore software to 21 

perform the evaluation of IPL’s 3-Year Plan.  This implies that IPL should have relied on 22 
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recently acquired internal resources and DSMore rather than Vista to complete this 1 

analysis.  Public’s Exhibit No. 3, pp. 14-15.  However, as IPL explained to the OUCC in 2 

discovery responses, IPL’s staff has not had an opportunity to fully learn DSMore.  The 3 

software was not purchased until the second quarter of 2010.  The timing of the Generic 4 

DSM Order required IPL to file modifications to our DSM plan before DSMore could be 5 

fully integrated into our DSM planning process.  IPL anticipates that the DSMore 6 

software will be of great benefit when IPL assesses the 3-Year DSM Plan and prepares its 7 

second 3-year DSM plan.  8 

Q14. With regard to the Residential Energy Assessment Program, Ms. Paronish contends 9 

that decisions to change the number of energy efficiency kits should be brought to 10 

the OSB.  Do you agree? 11 

A14. Yes.  I agree that subsequent to the Commission’s approval of IPL’s proposed 3-Year 12 

DSM Plan there may be a need to change the design and scale of this program.  That is 13 

precisely the role the OSB should play in helping IPL effectively manage the program 14 

during the program life and this is the type of decision IPL would bring to the OSB.   15 

Q15. Do you agree with Ms. Paronish that IPL’s proposal to reduce the number of 16 

switches available for installation for the Residential Air Conditioning Load 17 

Management Program should have been vetted with the OSB? 18 

A15. No, I do not believe this vetting was necessary prior to the filing of the proposed 3-Year 19 

DSM Plan. As I pointed out above, IPL is ultimately responsible to achieve the energy 20 

savings required by the Commission’s directive.  The Generic DSM Order emphasizes 21 

energy savings (kWh) rather than demand saving (kW).  While IPL is still proposing to 22 

deploy a significant number of additional Residential ACLM switches (15,000) in this 3-23 
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Year DSM Plan, IPL’s opinion is that it is better to use our resources to put more 1 

emphasis on achieving additional energy efficiency savings by expanding existing 2 

programs such as the Second Refrigerator Pick-up program or by adding the Multi-3 

Family Direct Install program. 4 

OUCC CONCERNS WITH PROPOSED PROGRAMS 5 

Q16. In general, is the OUCC supportive of the 3-Year DSM Plan? 6 

A16. Yes.  Of the numerous DSM offerings proposed in this proceeding, the OUCC has 7 

concerns on only a few of these offerings.  Of the 18 programs that are described in my 8 

Direct Testimony, Witness Paronish only has suggested modifications to two (2) of the 9 

programs (Second Refrigerator Pick-up and Recycling Program the Peer Comparison 10 

Energy Reports Program).  This implies that the OUCC is generally in agreement that the 11 

3-Year DSM Plan is appropriate and necessary to accomplish the Generic DSM Order’s 12 

DSM goals. 13 

Q17. Do you agree with Ms. Paronish that the Residential Peer Comparison Energy 14 

Report Program (“Peer Comparison Reports”) is primarily customer education? 15 

A17. No.  Using Peer Comparison Reports to cost effectively deliver energy efficiency savings 16 

has been established as an effective approach.  The Peer Comparison Reports provide 17 

households easy-to-understand, relevant, and actionable energy data.  Peer Comparison 18 

Reports are being delivered to almost one million households by 47 utilities in the United 19 

States, according to OPower, resulting in utility customers consistently reducing their 20 

annual usage of electricity or gas by 1.5% to 3.5%.  The Peer Comparison Reports 21 

represent a significant portion of IPL’s energy efficiency savings that will allow it to 22 
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achieve the Generic DSM Order’s targets.  Therefore, implementation of this Program is 1 

critical to IPL achieving the targets.  2 

Q18. How do you respond to the Forefront Economics and H. Gil Peach & Associates 3 

LLC conclusion that such programs lack a substantial history of measurement and 4 

that documented savings have been quite small? 5 

A18. IPL worked closely with Forefront Economics and Gil Peach on the development of our 6 

DSM Market Potential Study in 2008.  Based on our experience we have a great respect 7 

for their abilities and industry knowledge.  However with regard to the particular matter 8 

of verifiable savings from Peer Comparison reports, it is our opinion in the period since 9 

Forefront authored the Indiana Michigan Power Company MPS, there has been a 10 

significant increase in the usage of Peer Comparison Reports.  Program evaluations have 11 

now been completed that demonstrate there are meaningful and cost effective energy 12 

savings to be achieved by this program.   13 

Q19. How does IPL intend to account for the potential that customers may reduce energy 14 

based on the Online Energy Feedback tool rather than the Residential Peer 15 

Comparison Reports? 16 

A19. Ms. Paronish’s conclusion implies that these are competing tools for energy efficiency 17 

savings.  This likely derives from IPL’s characterization of the Energy Efficiency 18 

Outreach and Education (“OEF”) as “Programs” in Petitioner’s Exhibit LHA-3.  This 19 

designation is confusing.  The OEF is not a DSM program per se but rather an 20 

educational tool of a type that is part and parcel of a well rounded customer EE education 21 

program.  The OEF will enable customers to see how their energy is being used, 22 

analogous to the On-Line Energy Audit tool.  It has some similarities to the dashboard the 23 
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Generic DSM Order (p. 47) will require the TPA to provide for Core Programs to gauge 1 

effectiveness, except that the Online Energy Feedback tool is customer specific.   2 

Energy use feedback is also needed to reinforce positive customer energy efficiency 3 

actions and behavior.  For example, when a customer takes action and has a second 4 

refrigerator removed from service by IPL, the OEF gives the customer an opportunity to 5 

observe the benefits of this action and perhaps pursue another EE action as a result. 6 

Q20. Please explain why IPL assumed no participation in subsequent years as a 7 

conservative estimate for the Peer Comparison Reports? 8 

A20. This is a conservative assumption that is a result of the fact that Peer Comparison Reports 9 

have only been deployed for a few years and there is limited experience regarding the 10 

persistence of energy savings after the utility stops sending the reports.  However, we can 11 

be confident that there are some ongoing energy savings and the exclusion of these in the 12 

program savings estimates presents an upside to this program’s benefits.  Since the 13 

program is cost effective without the savings in subsequent years, any ongoing savings 14 

after Year 3 improve the program economics.   15 

Q21. Do you have any specific examples of verified energy efficient savings resulting from 16 

Peer Comparison Reports? 17 

A21. Yes.  The Sacramento Municipal Utility District was the first large deployment of Peer 18 

Comparison Reports by OPower.  An evaluation conducted by Navigant Consulting on 19 

the first 30 months of deployment are quite encouraging and suggest that the savings 20 

estimates provided in IPL’s Petitioner’s Exhibit LHA-3 for this program are very 21 
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achievable and reasonable.  The evaluation also demonstrates that there is significant 1 

persistence and that savings continue to grow year over year.  In summary: 2 

 Year 2 savings = 2.89%, a 22% increase over Year 1  3 
 4 
 Highest savings occur during the peak season:  3.56% savings in July and 5 

August  6 
 7 
 No sign of impact deterioration over 30 months  8 

 9 
Q22. Does IPL agree to treat the Peer Comparison Reporst as a pilot project without 10 

shareholder benefits?  11 

A22. No.  There have been significant roll-outs of the Peer Comparison Reports by many 12 

utilities so there is no need for a Year 1 Pilot.  There are sufficient examples of actual 13 

results by other utilities that the Peer Comparison Reports are an effective way to realize 14 

energy efficiency.  Also, this program is particularly critical to meeting the significant 15 

efficiency targets established by the Commission.  The Peer Comparison Reports 16 

represent 13.7 % of our savings in the 3-Year DSM Plan.  IPL is phasing in the roll-out 17 

over 3 years, a matter that was discussed with the OUCC in the meeting of September 22, 18 

2010, and in that meeting they agreed that the phased in approach is sound.     19 

Q23. Ms. Paronish recommends IPL further limit the number of old refrigerators IPL 20 

will pick-up from customers under its Second Refrigerator Pickup and Recycling 21 

Program.  Public’s Exhibit No. 3, p. 6.  Does IPL agree with this recommendation? 22 

A23. Yes, while IPL believes there are not significant concerns if a customer requests the pick-23 

up of more than two (2) refrigerators or freezers during the three year life of the Program, 24 

IPL accepts the OUCC’s recommendation to limit the number of refrigerators or freezers 25 

that can be picked up from a customer’s home to two (2) for the entire program life.  This 26 
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is in lieu of the program design as filed which limited the number of refrigerators or 1 

freezers that could be picked up to two (2) per year.3 2 

CONCLUSION 3 

Q24. Does this conclude your prepared rebuttal testimony? 4 

A24. Yes, at this time. 5 

 6 

 7 

 8 

                                                 
3    It should be noted that in rare cases a customer might legitimately have more than two units that are appropriate 
for Pick-up and Recycle and this limit could cause missed opportunities. 
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VERIFIED REBUTTAL TESTIMONY OF JOAN M. SOLLER 

Q1. Please state your name, employer and business address. 1 

A1. My name is Joan M. Soller.  I am employed by Indianapolis Power & Light Company 2 

(“IPL” or “Company”), One Monument Circle, Indianapolis, Indiana, 46204.  My 3 

position is Manager of Corporate Planning. 4 

Q2. Are you the same Joan M. Soller who prefiled Direct Testimony in this Cause on 5 

October 15, 2010 and Supplemental Direct Testimony on December 10, 2010? 6 

A2. Yes. 7 

Q3. What is the purpose of your rebuttal testimony? 8 

A3. I will address Interveners’ comments related to the proposed Customer Outreach and 9 

Education programs, Customer Energy Management Systems (“CEMS”), and electric 10 

vehicle supply equipment (“EVSE”) program and reiterate why they are DSM.  11 

Customer Outreach And Education Programs 12 

Q4. The OUCC contends that CEMS program is not demand side management 13 

(“DSM”) because there is no direct intervention by IPL.  (Public’s Exhibit No. 2, at 14 

33)  Do you agree with this conclusion? 15 

A4. No.       16 

Q5. Are there other programs that have long been considered DSM that depend on the 17 

voluntary intervention by the consumer, not the utility, to affect load and energy 18 

usage? 19 

A5. Yes, in fact many DSM programs necessitate consumers to voluntarily participate.  One 20 

specific example is incentives for programmable thermostats, which have long been 21 
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approved as DSM by the Indiana Utility Regulatory Commission (“Commission”).  1 

These programs either provide a programmable thermostat or a rebate on a programmable 2 

thermostat installed in a customer’s residence.  The utility does not program the 3 

thermostat—the customer must voluntarily choose to program the thermostat to reduce 4 

usage.  Shell measures from homes are another example.  The utility does take a direct 5 

action in making the home more energy efficient, but the customer has a voluntary option 6 

to use less energy.  Some customers may choose to take advantage of the increased 7 

efficiency of their home by keeping their home warmer in the winter and cooler in the 8 

summer.  While these homes are more efficient, the change in energy usage is voluntary 9 

with the customer.   10 

Q6. Please explain how the CEMS Program constitutes a deliberate intervention by a 11 

utility to alter a customer’s load shape.   12 

A6.  IPL will provide programmable communicating thermostats (“PCTs”) and have the 13 

capability to shift load through the PCTs by bumping up the temperature two to four 14 

degrees in participants’ homes during peak events much like the current ACLM program.  15 

IPL does not understand how the OUCC can support the ACLM program but not the 16 

CEMS program.  In addition, IPL demonstrated the capability of PCTs to modify load 17 

shapes in the 2010 HAN study to which the OUCC did not object.  IPL plans to provide 18 

specific customer energy feedback through a web portal that allows customers to 19 

understand their household usage patterns based on 15 minute intervals from AMI 20 

meters.  In addition, CEMS program home and business participants will receive in-home 21 

displays to allow them to make energy usage decisions based on interactive information 22 

and the PCTs.  IPL believes that participating customers will appreciate more timely 23 
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information than a monthly bill to inform these decisions. Studies have shown that 1 

providing feedback to customers affects energy behavior.  Energy stakeholders 2 

throughout the country indicate the need to provide customer benefits as part of electric 3 

grid optimization (or smart grid) projects, which the CEMS will enable by utilizing IPL’s 4 

newly implemented AMI system.    5 

Smart Appliance Pilot Program 6 

Q7. Do you agree with Mr. Keen that the information offered by IPL on the Smart 7 

Appliance Program is rudimentary and speculative?  Public’s Exhibit No. 2, p. 35. 8 

A7. No.  IPL has provided the best data that is currently available.   9 

Q8. Are you concerned that the data used by IPL to identify available Smart Appliances 10 

may not reflect the true cost of such appliances on a going-forward basis and could 11 

be misleading?  Public’s Exhibit No. 2, pp. 35-36. 12 

A8. No.  IPL has reviewed data of smart appliances that are now available on the market (and 13 

provided that data to the OUCC in discovery).  This is a developing area and the number 14 

of smart appliances on the market today is somewhat limited.  IPL will work through the 15 

IPL Oversight Board (“OSB”) to modify incentives to match available appliances.  16 

Determining specific appliances will depend upon the software and hardware platforms 17 

which will be finalized soon, due to integration requirements.  Incentives can be tweaked 18 

after these foundational decisions have been made.  IPL plans to establish a prototype 19 

HEMS environment in which to study and test potential smart appliance applications as 20 

part of the planning due diligence process.  Since the OUCC’s concerns can easily be 21 

rectified through the OSB, there would seem to be no obstacle to approving this program.  22 
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OUCC Witness Keen has previously recognized that Home Area Network (“HAN”) 1 

devices in the home, including appliances, constitute DSM tools.  2 

However, once intelligent Smart Grid compatible devices are deployed which 
allow the consumer access to the information contained on the HAN devices 
such as a Programmable Controllable Thermostat (PCT), an In-Home Display 
(IHD), Smart Grid compatible appliances, load management devices, etc. -the 
HAN assumes the mantle of an enabler, allowing those devices considered to be 
DSM tools to receive the data and information necessary which may permit 
customers to potentially alter their energy usage.  
 

Public Exhibit 4, p. 9, lines 9 to 16, Cause No. 43623 3 

Q9. Is there merit to the OUCC’s concern that the proposed Smart Appliance rebates 4 

may not adequately factor in on-going costs or variations of cost among different 5 

types of appliances?  Public’s Exhibit No. 2, p. 36; Public’s Exhibit No. 3, pp. 9-10. 6 

A9.   No.  As stated in my direct testimony, IPL “anticipates a flexible approach to the 7 

programs due to the dynamic nature of the technology.” (Petitioner’s Exhibit JMS-1, p. 8 

15, Q&A 33)  Specific rebate amounts or volumes have not been solidified. In fact, 9 

absent a software platform determination for the HEMS, identifying specific appliance 10 

vendors is premature since integration between software and hardware (in this case 11 

appliances) is company specific.   This program is a prime example of how collaboration 12 

among interested parties during the next several months may optimize results.   13 

Q10. Does IPL consider its Smart Appliance program to be a pilot? 14 

A10.   Yes. 15 

Q11. What do you believe the purpose of this pilot program is?   16 

A11.  The purpose of this pilot is to successfully integrate smart appliances with HEMS 17 

platform, measure conservation (kWh) and demand (kW) savings, and prepare for mass 18 
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retail availability of these consumer products. IPL understands that actual filed 1 

experience and subsequent publically available data with smart appliances is quite limited 2 

and believes addressing this proactively through a small scale pilot will provide 3 

meaningful learning opportunity and expedite IPL’s ability to support future customer 4 

requests. 5 

Q12. Given these objectives, do you agree with Ms. Paronish that IPL needs to set forth 6 

the criteria for evaluating the effectiveness of the program and discuss the program 7 

goals?  Public’s Exhibit No. 3, p. 9.   8 

A12.  No.   This recommendation is premature.  IPL plans to measure kW and kWh usage 9 

related to smart appliances over specific time intervals using AMI meters. This data may 10 

be used as inputs to DSMore to determine program effectiveness, shape future programs 11 

and establish goals.  The OUCC’s position in this case not to support a smart appliance 12 

pilot appears to be inconsistent with its position in a recent case involving another 13 

Indiana investor owned utility in which Mr. Keen testified.  Mr. Keen supported the 14 

inclusion of HAN technology in a “SmartGrid Initiative” proposed by another Indiana 15 

investor owned utility and referred to the capability to fully vet Energy Management 16 

Enabled Appliances technology, stating:  17 

Additionally a pilot program demonstrating this technology with 18 
cost/benefit analysis, measurement, and verification capabilities may 19 
afford [Duke Energy Indiana, Inc.] and the state of Indiana an opportunity 20 
to “take the lead” in the deployment of true fully-developed smart grid 21 
technology.  It may also offer opportunities for appliance manufacturers to 22 
produce, market, and sell these “smart” appliances to over 800,000 23 
potential Indiana customers, providing consumers with opportunities to 24 
manage electric usage in a new, empowering way.  25 
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Cause No. 43501, Public’s Exhibit No. 1, pp. 44-45.  Whether a program is labeled 1 

“Smart Grid” or DSM, the ability of devices to provide energy management 2 

functionality is universal.  Additionally, IPL has committed to sharing the results of this 3 

pilot through the annual DSM report, and fully intends to leverage results for future 4 

programs, so I do not understand Ms. Paronish’s concerns about IPL’s customers not 5 

receiving information.   6 

Energy Consumer Behavior Study 7 

Q13. Please respond to Ms. Paronish’ concerns that IPL has not explained how 8 

ratepayers will benefit from the Energy Consumer Behavior Program.  Public’s 9 

Exhibit No. 3, p. 10. 10 

A13.  The purpose of this study is for IPL to better understand how to engage customers in 11 

new technology enabled DSM programs as stated in my direct testimony.  See 12 

Petitioner’s Exhibit JMS-1, p. 14.  Customers would benefit from direct participation in 13 

the programs and overall increased DSM effectiveness.   14 

Electric Vehicle Supply Equipment  15 

Q14. The OUCC contends that EVSE does not constitute DSM.  Public’s Exhibit No. 1, p. 16 

6; Public’s Exhibit No. 2, pp. 25-27.  Having reviewed this testimony, do you 17 

continue to believe that the EVSE IPL is proposing to install constitutes DSM? 18 

A14. Yes.  The IPL program is specifically designed to provide tools for customers to 19 

automate shifting electricity consumption to off-peak periods through EVSE and 20 

integrated software.  These tools will allow IPL to engage in peak load reduction events 21 

as described in the EVX tariff:  “The Company reserves the right to periodically interrupt 22 
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service to test demand response strategies and system results.  This is “deliberately affecting 1 

load shape” under the Commission’s DSM Rules.     2 

Q15. Ms. Smith contends that “it is illogical to consider [electric vehicles (‘EVs’)] and 3 

EVSE as tools to reduce load or reduce energy.”  Public’s Exhibit No. 1, p. 6.  Do 4 

you agree with her contention? 5 

A15. I agree with Ms. Smith that EVs and EVSE are not tools to reduce load or reduce energy.  6 

This conclusion, however, does not foreclose these tools from being considered DSM.  7 

The Commission’s rules define DSM as “the planning, implementation, and monitoring 8 

of a utility activity designed to influence customer use of electricity that produces a 9 

desired change in a utility’s load shape.”  170 IAC 4-7-1(g).  A change in load shape can 10 

occur by either reducing usage or by shifting it to periods of lower use.  The EVSE and 11 

time of use (“TOU”) based Rate EVX will provide tools for customers to shift load as it 12 

is added to the grid as an organic demand response program.  IPL Industrial Group 13 

Witness Phillips also recognizes DSM is not as narrowly defined as Ms. Smith contends, 14 

recognizing it includes rate designs, interruptible rates and demand response programs all 15 

of which are designed to shift load.  Direct Testimony of Phillips, p. 5.    16 

Q16. How does the EVSE IPL is proposing to install deliberately shift load? 17 

A16. The proposed EVSE, coupled with web-based software tools, will allow IPL to test the 18 

direct control of vehicle charging by interrupting charging events.  Further, in exchange 19 

for receiving the EVSE, IPL requires customers to take service under TOU rates that 20 

charge more for the use of energy during peak usage periods.  The equipment will be 21 

equipped with technology allowing the customer to program the EVSE to charge the EV 22 
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during off-peak periods to benefit from the lower cost offered at such times under the 1 

TOU rate structure.  The EVSE equipment is much like a programmable thermostat in 2 

that it provides the customers with the tools to deliberately adjust energy consumption.  It 3 

is important to note that IPL is not representing that all EVSE available in the market 4 

today meets the definition of DSM.  The equipment IPL is proposing is unique, just as 5 

programmable thermostats qualify as DSM whereas installation of non-programmable 6 

thermostats likely would not qualify as DSM.       7 

Q17. Mr. Foster contends that this logic does not apply to the public EVSE because it 8 

does not include the equipment to deliberately intervene such that charging occurs 9 

during off-peak periods.  Public’s Exhibit No. 5, p. 5.  How do you respond to his 10 

concern? 11 

A17.   IPL considers public charging an essential part of the EV program to alleviate range 12 

anxiety.  In fact, Mr. Keen admits the virtues of public charging to support EV usage.  13 

Public’s Exhibit No. 2, p 14.  IPL considered time based rates and direct load control 14 

components to public charging (both of which the proposed infrastructure would 15 

support), but believes this will deter use of the equipment due to complexity.  The EV 16 

pilot will allow IPL to analyze actual public charging usage information to determine 17 

how these components might be addressed.  Given the relatively short duration of the 18 

pilot tariffs, these items may be incorporated into future public tariffs based on actual 19 

customer driven charging experience based on data collected in the pilot.    20 

Q18. Does IPL anticipate benefits beyond DSM from installation of the proposed EVSE? 21 
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A18. Yes.  IPL will collect information from the EVSE to be installed at both public and 1 

private premises to evaluate the energy usage of EVs.  This data will be useful to IPL as 2 

EV usage grows to forecast the impact of the EVs on IPL’s distribution system.  In 3 

addition to the electrical system benefits, the EVSE program will support environmental 4 

and energy independence policy, consistent with the Hoosier Homegrown Energy Plan.  5 

Q19. What concerns does IPL have regarding charging EVs in its service territory? 6 

A19. If EV use grows, IPL is concerned that unmanaged EV charging may necessitate 7 

upgrading distribution facilities or building new generation plants to ensure EVs do not 8 

have a detrimental impact on a utility’s ability to serve its customers.  IPL has been 9 

incorporating projected EV growth into its Integrated Resource Plan (“IRP”).  At this 10 

time, I agree with Mr. Alvarez that IPL’s current generation and distribution systems 11 

have the capacity, robustness and capability to handle the EV load for the immediate and 12 

foreseeable future.  However, the data that IPL will derive from studying current EV 13 

usage will play an important role in IPL’s ability to forecast the impact of EVs on its 14 

system.  In other words, IPL is not currently proposing any needed upgrades to its 15 

generation or distribution systems solely as a result of EVs, but the EVSE that IPL is 16 

proposing to install will provide IPL additional data that will be useful in evaluating the 17 

impact of EVs on its system should the growth some are projecting occur. 18 

Q20. Why is IPL proposing to install the EVSE now? 19 

A20. There are a number of reasons that make this the time to install the EVSE.  One driver is 20 

the availability of government stimulus funds to offset the cost.  Indiana and the Federal 21 

Government have concluded that promoting EV use is good policy and are making 22 
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funding available to IPL through the Smart Grid Technology and Smart Grid Investment 1 

grant programs.  This mitigates the cost impact to IPL’s customers.  IPL is well 2 

positioned to install EVSE in conjunction with TOU rates due to the imminent 3 

installation of AMI or smart meters throughout the service territory.  IPL leads other 4 

Indiana investor owned utilities in this arena.   Preparing for EVs is essential to 5 

encourage vehicle manufacturers to include Indianapolis as an early launch city.  As 6 

stated in the EV study cited in footnote 3 of my Supplemental Direct Testimony, “The 7 

first wave of electric vehicles is upon us (starting in 2010) and will hit specific, well-8 

known areas where, for a number of reasons, readiness and appetite is highest (e.g. LA, 9 

San Francisco.)  The path of subsequent nationwide rollout of PEVs will be driven by the 10 

‘chicken-and-egg’ dilemma of city readiness and charging infrastructure.”    11 

Second, IPL believes there is benefit in shaping EV charging habits early in the adoption 12 

phase to avoid having to later overcome less environmentally friendly habits such as 13 

charging during peak periods.  Encouraging off-peak charging will allow IPL to avoid 14 

increased peak demand with the long-term potential to minimize future generation 15 

construction requirements.  In effect, IPL sees one EVSE installed to roughly equate to 16 

three residential ACLM switches that may not be needed in the future based upon the 17 

vehicle charging demand of 3.3 kW compared to average reductions of 1.0 kW per home.  18 

Third, electric vehicles will reduce dependence on foreign oil, reduce fuel costs and 19 

reduce greenhouse gas emissions.  Incremental EV deployments will educate consumers 20 

and policy makers to shape future initiatives to increase these benefits.  IPL estimates one 21 

EV powered by IPL’s mixed fossil fuel and renewable generation sources will reduce 22 
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greenhouse gases by over one ton per year based on 12,000 annual miles as shown in 1 

Petitioner’s Exhibit JMS-R2. 2 

Lastly, having the data at the early stages of EV availability will provide important 3 

information as IPL evaluates the impact of EVs on its system if acceptance grows 4 

significantly.  One concern IPL particularly wants to understand is the impact of 5 

clustering, which occurs if multiple customers served by the same transformer adopt EVs.  6 

The usage data IPL will collect from the EVSE will enable analysis of the impact of 7 

multiple EVs on IPL’s transformers. 8 

Q21. OUCC Witness Alvarez recommends IPL conduct a full assessment of its territory 9 

to determine, using demographics and other factors, areas most likely to experience 10 

EV clustering and the point infrastructure improvements should be made.  Public’s 11 

Exhibit No. 4, p. 17.  Do you agree with this recommendation? 12 

A21. No.  The study Mr. Alvarez is proposing is premature at this time.  The better approach is 13 

to first evaluate the actual load that EVs will require, which the EVSE IPL is proposing 14 

to install will enable.  Once this data is available, IPL can utilize it to monitor EV 15 

adoption and evaluate the likely impact on its infrastructure.  As Mr. Alvarez notes, that 16 

seems to be the approach other Midwestern utilities are taking.  Public’s Exhibit No. 4, 17 

pp. 11-13.   18 

IPL is working on a study with Purdue University to determine the number of vehicles 19 

that intersect with proposed public charging stations based on Indianapolis traffic data, 20 

identify potential areas where EV owners may reside, and identify possible grid impacts 21 

including transformer loading.  This study may provide the framework to help IPL 22 
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analyze data by comparing possible modeled results with actual results.  A summary of 1 

the study components and preliminary results comprises Petitioner’s Exhibit JMS-R3.   2 

IPL would be willing to make this study available to the OUCC and Commission once it 3 

is finalized. 4 

Q22. Mr. Alvarez expresses concern with IPL’s understanding of its distribution 5 

transformer loading.  Public’s Exhibit No. 4, pp. 3-7.  Can you explain why IPL was 6 

unable to provide Mr. Alvarez the data he sought? 7 

A22. IPL’s current AMR meters capture one reading per day which is accumulated for 8 

monthly billing purposes. The new AMI meters which will be deployed with the EV 9 

program will allow IPL to capture data to assess transformer loading interactively.    IPL 10 

did provide a sampling of transformer loading information which we complete annually 11 

by installing interval meters that are manually read.  IPL will assess the loading of 12 

transformers as customers participate in this program and add EVs to the system, 13 

therefore, a full analysis of all transformers is not needed at this time.    14 

Q23. Mr. Keen testifies that “the OUCC is not convinced Level 2 EVSE will be the default 15 

method of charging.”  Public’s Exhibit No. 2, p. 12.  Do you agree with this 16 

statement? 17 

A23. No.  IPL employees who used Level 1 charging for their vehicles from December 2010 18 

through February 2011 experienced about 4% battery charge per hour.  These same 19 

employees used Level 2 charging experienced significantly more efficient results with 20 

about 10% per hour over the last month.  Several drivers have discussed the fact that 21 

despite 12 hour charging periods using Level 1, the batteries did not charge beyond 80%.  22 
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They in turn needed to decide whether or not to use the car heater based on expected 1 

traveling distances to and from work that included stops at schools or shopping locations. 2 

This appears to be consistent with Mr. Alvarez’s understanding that the later stages of 3 

battery charging take more time than initial charging (Public’s Exhibit No. 4,  pp 7-9) and 4 

the recent Indiana University School of Public and Environmental Affairs publication, 5 

“Plug-In Vehicles: A Practical Plan for Progress” where the time to charge a 24 kWh 6 

battery, which is used in the all electric Think City and Nissan Leaf vehicles, with Level 7 

1 infrastructure is listed as 20 hours.  I have attached a copy of this report to my 8 

testimony as Petitioner’s Exhibit JMS-R4.  Please see page 31, table 5 for the discussion 9 

on charging time.  I drove an IPL purchased Think fleet vehicle one day last month and 10 

used Level 1 charging for nine hours to advance the battery charge from 40 % to about 11 

75%.  This accounted for approximately 35 miles of driving.  The energy consumed by 12 

the vehicle is indicated on the charts using data on the Tendril software in Petitioner’s 13 

Exhibit JMS-R5.  While Level 1 charging may be acceptable to plug-in hybrid electric 14 

vehicle drivers with an internal combustion engine as a back-up energy source, Level 2 15 

charging is essential for practical use of all electric vehicles. 16 

Q24. Mr. Keen opines that “[m]onopolization of the public EVSE sector by the utility is 17 

short-sighted, lacks innovation, and will not promote or provide the best options for 18 

consumers who do own EVs or ratepayers in general.”  Public’s Exhibit No. 2, pp. 19 

14-15. Is IPL proposing to monopolize the public EVSE sector? 20 

A24. No.  Nothing in IPL’s proposed program explicitly precludes a parking garage or 21 

shopping center from installing EVSE for the benefit of its patrons.  IPL has been 22 

approached by Project Plug-IN stakeholders including Denison Parking to facilitate 23 
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public charging and is not aware of specific businesses interested in making this 1 

investment locally or assuming responsibility for energy related services that are not part 2 

of their core functions.  Through IPL’s partnership with the businesses where the 3 

proposed public EVSE is located, IPL has learned that most of these entities prefer not to 4 

install, maintain and handle billing for this equipment.  IPL has not taken the position that 5 

it must be the sole provider of public EVSE in its service territory and it is not asking the 6 

Commission to determine now whether an entity offering public EVSE would constitute 7 

a public utility under Indiana’s Electricity Supplier’s Service Area Assignments Act.  Ind. 8 

Code § 8-1-2.3-1 et seq.  Ultimately, this is a question for the Commission.   9 

Q25. Could you foresee an instance in the future when the Commission might want to 10 

assert its jurisdiction over a public EVSE provider? 11 

A25. I think that is possible.  Mr. Keen himself testifies that a business could offer energy 12 

through a Level 2 or Level 3 charger and not be a public utility “as long as the cost paid 13 

by the customer to obtain the energy from the business does not exceed the cost the 14 

business paid to the utility supplying the energy.”  Public’s Exhibit No. 2, p. 24.  His 15 

caveat suggests that some entity must have authority to ensure these limitations are 16 

followed.  In Houston, Texas, a competitive retail supplier is installing public EVSE and 17 

will offer charging rates to EV purchasers.1 The Commission may well want to exert 18 

jurisdiction over such an entity to provide a forum for consumer protection and IPL may 19 

assert that such a proposal constitutes the provision of public utility service at a future 20 

date.  The question of Commission jurisdiction, however, is not relevant to IPL’s current 21 

                                                 
1 See https://www.evgonetwork.com/Charging_Plans/. 
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proposal.  No part of IPL’s proposal would preclude the type of alternative public EVSE 1 

that Mr. Keen believes should be available. 2 

Q26. Mr. Keen asserts that the demise of electric vehicles in the 1930s can be traced to 3 

monopolization.  Public’s Exhibit No. 2, p. 7.  Is this a widely accepted view? 4 

A26. A myriad of factors impacted the demise of the electric vehicles.  In response to 5 

discovery from IPL (attached to my testimony as Petitioner’s Exhibits JMS-R6), Mr. 6 

Keen acknowledges that other factors included the invention of the electric starter for the 7 

internal combustion gas engine (“ICE”) in 1912, the reduction in price of ICE vehicles 8 

due to mass production, availability of better roadways increasing consumer interest in 9 

vehicles with a longer range, and more affordable gas contributed to the demise of EVs in 10 

the 1920s.   11 

Q27. Does the OUCC’s conclusion that EVs will not create a significant impact to Indiana 12 

in the near future minimize the usefulness of the EVSE IPL is proposing to make 13 

available?  Public’s Exhibit No. 2, pp. 18-19. 14 

A27. No.  Even if the OUCC is correct that projections of EV availability by Indiana’s 15 

Legislative Services Agency (“LSA”) are optimistic about the adoption of EVs in 16 

Indiana, information from IPL’s EVSE will enable IPL to proactively prepare for EVs 17 

and encourage EV early adopters are charging their EVs in a way that minimizes impact 18 

on IPL’s system.  I acknowledged the range of EV adoption forecasts from 1.5% to 10% 19 

in my supplemental testimony and contend that actual experience in Indiana through 20 

IPL’s program will provide more compelling evidence than any academic exercise.  21 

Petitioner’s Exhibit JMS-S1, p. 13.  Many factors will likely impact customer EV interest 22 
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including recent increases in gasoline prices and the evolution of lithium ion battery 1 

technology.   2 

Q28. Do you agree with Mr. Keen that IPL needs to outline a detailed plan to deal with 3 

EVSE program data before obtaining Commission approval?  Public’s Exhibit No. 4 

2, p. 30. 5 

A28. No, I do not.  IPL handles personally identifiable information (“PII”) every day and the 6 

responsibility to safeguard PII is not taken lightly.  The Company has implemented 7 

processes to protect PII and these processes are routinely tested to ensure their 8 

effectiveness.  Mr. Keen raises vague and unsubstantiated concerns about the potential 9 

for cyber security and uses these concerns as a red herring to oppose the relief IPL has 10 

sought.  His two concerns relate to (1) the security of customer financial information used 11 

to pay for public charging and (2) IPL not fully identifying the types of data the utility 12 

will collect about consumers who use both the residential and public EVSE.  Public’s 13 

Exhibit No. 2, pp. 29-30.  With respect to the security of customer financial information, 14 

IPL plans to utilize a third party vendor with Payment Card Industry (PCI) certification to 15 

complete financial transactions much like it does on a regular basis for customers who 16 

pay bills by credit or debit card.  Mr. Keen refers to the option of adding public charging 17 

on a utility bill, but this will not accommodate EV customers who are not jurisdictional 18 

IPL customers.  IPL collects PII about its customers already for billing and usage 19 

projections, so there is no compelling reason to require IPL to develop a special plan for 20 

EVSE charging data.  The Energy Services Network (“ESN”) partners are in the process 21 

of finalizing a data agreement which will likely include approximately twenty one data 22 

points, mostly focused on battery conditions.  IPL does intend to use the information it 23 
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gleans to analyze future needs.  IPL has historically managed PII confidentially in 1 

accordance with internal security policies, sharing the information only pursuant to 2 

appropriate non-disclosure agreements.  This is no different with the EVSE.  In addition, 3 

IPL is implementing its SGIG project cyber security in accordance with DOE 4 

requirements and NISTIR 7628 – Guidelines for Smart Grid Cyber Security.2     5 

Q29. Do you have any other concerns about Mr. Keen’s testimony? 6 

A29. Yes.  Mr. Keen claims that EV range anxiety will not be an issue in Indianapolis.  7 

Public’s Exhibit No. 2, p. 16. As an occasional EV driver, I disagree.  I have monitored 8 

mileage and battery state of charge the few days I have driven an EV and carefully 9 

planned routes for errands based on the ability to get home to charge.  I believe drivers’ 10 

individual experiences will vary as highlighted in a recent National Geographic news 11 

article3, but believe addressing the reality for some people through public charging 12 

stations will alleviate concerns for the entire community.   13 

Q30. Are there any other statements in Mr. Keen’s testimony you wish to address? 14 

A30. Yes.  Mr. Keen incorrectly asserts that customers who have purchased Think vehicles 15 

through the ESN administered program receive rebates.  Public’s Exhibit No. 2, p. 19.  16 

Technically, this is not accurate.  ESN facilitates direct rebate payments to Think, not to 17 

vehicle owners.  In addition, AES Corporation has not purchased any Think vehicles 18 

through this program.   19 

                                                 
2 See http://csrc.nist.gov/publications/nistir/ir7628/nistir-7628_vol3.pdf.  (August 2010) 
3 See Josie Garthwaite,  Range Anxiety:  Fact or Fiction? National Geographic (March 10, 2011) available at 
http://news.nationalgeographic.com/news/energy/2011/03/110310-electric-car-range-anxiety/.  
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Conclusion 1 

Q31. Does this conclude your prepared rebuttal testimony? 2 

A31. Yes, at this time. 3 

 4 





 Electric Vehicle Information 
compiled by IPL 

Exhibit JMS-R2
page 1 of 3

Inputs
short tons CO2 /MWH(internal value for coal) pounds CO2 per kwh possible future pounds per kwh 

with 10% Renewable Energy
pounds CO2 per gallon of 
gas

price per kwh 
(Internal estimate on 
residential cost)

price per gallon of gas 
(example)

1.1 2.2 1.98 20 0.07$                      3.00$                         

Electric Vehicles
Nissan Leaf/ Think City Chevy Volt Smart ED

battery (effective kwh) 24 8.8
range (miles) 100 40
miles/kwh 4.17 4.55 5.18
pounds CO2/mile 0.53 0.48 0.42
possible future pounds CO2/mile 0.48 0.44 0.38
price per mile based on avg std rate of 7 cents/kWh 0.017$                                 0.015$                                      0.014$                            

Conventional Vehicles
Honda Civic Toyota Corolla

mpg city 26 26
mpg highway 34 35
average mpg 30 30.5
pounds co2/mile 0.67 0.66
price per mile 0.10$                                   0.10$                                        

CO2 per mile Chart Data
Nissan Leaf/ Think City Nissan Leaf/ Think City 10% 

Renewable Energy
Chevy Volt Chevy Volt 10% 

Renewable Energy
Smart ED Smart ED 10% Renewable 

Energy
Honda Civic Toyota 

Corolla

calculated = pounds of CO2 per kWh*miles /kWh 0.53 0.48 0.48 0.44 0.42 0.38 0.67 0.67

Nissan Leaf/ Think EV Chevy Volt Smart ED Honda Civic Toyota Corolla
cents per mile 1.68                                     1.54                                          1.35                                10.00 9.84

External Sources
pounds CO2 per gallon of gas http://www.fueleconomy.gov/feg/co2.shtml
Nissan Leaf http://www.nissanusa.com/leaf-electric-car/index#/leaf-electric-car/tags/show/range
Chevy Volt http://www.chevrolet.com/pages/open/default/future/volt.do
Smart ED http://www.smartusa.com/smart-fortwo-electric-drive.aspx
Honda Civic http://automobiles.honda.com/civic-sedan/
Toyota Corolla http://www.toyota.com/corolla/

Calculations based on 12,000 driven miles/yr 
Demand per vehicle 3.3. kW based on OEM info
Savings per mile = 10 cents - 2 cents = .08 $960
average miles per kWh for electric vehicles 4.63
kWh per mile = 1/4.63 0.2159
Total kWh per year per vehicle 2591 rounded to 2600 kWh

IPL service territory 

Average existing home size 1500 sq ft
Average peak demand per home 4.5 kW
Average consumption  1000 kWh per month or 12,000 kWh per year
Most common distribution transformer size 25 kVA 
Average number of services per TX 5

Impacts per vehicle
Increase in energy consumption 22%
Increase in peak demand with 3.3 kW 73% With 6.6 kW 147%
Decrease in emissions currently (# of CO2) diff= 0.2/mil 2400 based on average 12,000 kWh/year - this is 

Convert 2000# to 1 short ton 1.20 13.2 9.09%
Decrease in emissions w/10% renewables (# of CO2) 
diff of 0.22/mile 2640

1.32 13.2 10.00%

Petitioner's  Exhibit JMS-R2
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Using Current IPL Residential Rate Estimate
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MULTI-PARADIGM MODELING OF 
THE EFFECTS OF PHEV ADOPTION 
ON ELECTRIC UTILITIES

Petitioner's Exhibit JMS-R3



THE POWER SYSTEM

 Is rapidly evolving

 Is becoming increasingly complex

 Should be able to sustain the forthcoming heavy 
loads from devices such as PEVs

 Should be “smart” to utilize the capability of the 
future intelligent devices for demand side 
management

2



NEED OF THE HOUR

 A model/mechanism that can predict the future 
behavior of the system

 The model should reflect the current state accurately

 Should be expandable so as to include the future 
smart grid devices

 Should be a test bed for demand side management 
control algorithms

 Should help in fortifying the current power grid as 
well as aid in economic evaluation of policies and 
technologies

3



THE SOLUTION:
A MULTI-PARADIGM 

MODELING FRAMEWORK

•Power
•Usage Probability

PEV Usage Power Consumption Simulation

Distribution 
system 
modeling

Grid‐level impacts
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MULTI-PARADIGM 
MODELING

 The complexities of the system is expressed using 
different paradigms:

 Traffic Simulation

 Agent‐based modeling of the power system

 Distribution system impact analysis

 The multi‐paradigm approach allows the modeling of the 
individual sectors that constitute the electricity system 
using different modeling formalisms, levels of data 
aggregation, and model granularity. 

 These individual subsystem modules of differing 
structure are then integrated so that the effects of the 
interactions among the sectors can be captured.
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PEV usage using Traffic Simulation

Discrete Event
Household Electricity Demand

PHEV Usage

Agent‐based 
Modeling

Electricity Market

Electricity Supply

Historical 
Correlations

Industrial and 
Commercial Demand

Traffic Simulation

PHEV Usage

Vehicle 
simulation
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PEV USAGE MODELING

 The distance travelled by the EVs is of prime 
importance as it directly relates to the energy drawn 
from the grid.

 The number of trips and trip‐distance distribution is 
used to calculate the distance travelled by the EVs.

 Using census data, the locations with high 
penetrations of EVs are also identified.

 Furthermore, the proposed charging station locations 
are ranked by their ability to cater to the maximum 
number of EVs.
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VEHICLE SIMULATION USING
TRANSCAD

 Based on GIS

 Widely used by transportation 
planning organizations

 The software was used for:

 Generating distance travelled and 
number of trips taken by the 
vehicles in the system

 Vehicle flow between locations

 24 hr vehicle flows in a location

 Hypothesizing Electric Vehicle 
penetration rate based on census 
data

Input*:
Census data,
Road Network 

(GIS)

TRANSCAD

Vehicle Distance travelled, 
number of vehicles 

departing/arriving at a 
particular location. 
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* Data provided by Indianapolis Metropolitan  Planning Organization(Indy MPO). The population estimates were 
prepared by Caliper Corporation and provided by INDOT(Indiana Department of Transportation). 



PROPOSED CHARGING 
STATION LOCATIONS

1. IPL at 1230 W Morris St
2. IPL at 3600 N Arlington Avenue 
3. Denison Merchants Garage at 31 S Meridian Street 
4. Simon Mall Garage at 50 W Georgia Street
5. Simon Mall Garage at 129 W Maryland Street 
6. IMA at 4000 Michigan Road
7. Indy airport ‐ 7801 Col H Weir Cook Memorial Drive 
8. JW Marriot ‐ 10 S W Street 
9. STATE 0f INDIANA ‐ 100 N Senate Avenue 
10. Convention and Visitors bureau ‐ 100 S Capitol Avenue 
11. IUPUI ‐ 1040 W Michigan Street
12. ENERDEL ‐ 8740 Hague Road

9



VEHICLE FLOW AT THE 
PROPOSED COMMERCIAL 

CHARGING LOCATIONS

Hourly vehicle flow in the 0.5 mile radius surrounding the proposed charging locations
* Uses 1 mile radius because of the vast non‐commercialized area surrounding the base location 
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VEHICLE FLOW AT THE 
PROPOSED FLEET CHARGING 

LOCATIONS
11

Hourly vehicle flow in the 0.5 mile radius surrounding the proposed charging locations



NUMBER OF VEHICLES 
SERVED BY THE COMMERCIAL 

CHARGING STATIONS

Total number of 
vehicles that would be 
served in the 0.5 mile 
radius surrounding 
the proposed charging 
locations 

* Uses 1 mile radius 
because of the vast 
non‐commercialized 
area surrounding the 
base location 
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NUMBER OF VEHICLES 
SERVED BY THE FLEET 
CHARGING STATIONS

13

Total number of vehicles 
that would be served in the 
0.5 mile radius surrounding 
the proposed charging 
locations 



RANKING OF THE PROPOSED 
CHARGING LOCATION

Ranking of the proposed charging station locations by their ability to cater to the 
maximum number of EVs.

14

Ranking based on 0.5 mile radius of commercial charging locations

1 Denison Merchants Garage at 31 S Meridian Street 136405

2 Simon Mall Garage at 129 W Maryland Street 128226

3 Simon Mall Garage at 50 W Georgia Street 128226

4 Convention and visitors bureau 100 S Capitol Avenue  70898

5 STATE 0f INDIANA 100 N Senate Avenue  64547

6 Indy airport 7801 COL H WEIR COOK Memorial Drive* 59895

7 JW Marriot 10 S West Street 45608

8 IMA at 4000 Michigan Road* 32848

Ranking based on 0.5 mile radius of fleet charging locations

1 IUPUI 1040 W Michigan Street 36977

2 ENERDEL 8740 Hague Road 18331

3 IPL at 1230 W Morris Street 4988

4 IPL at 3600 N Arlington Avenue  3604

* Uses 1 mile radius because of the vast non‐commercialized area surrounding the base location 



EV PENETRATION RATES

The zones 
proposed to have 
high EV penetration 
are shown in bright 
red. 

•The average 
income of these 
neighborhoods is 
greater than $91336 
per annum.

•More than 70% of 
the people residing 
in these 
neighborhoods have 
more than one 
vehicle.
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Electricity Market

Electricity Supply

Traffic Simulation

Historical 
Correlations

Industrial and 
Commercial Demand

Modeling of Household Electricity Demand with 
PEV usage

Discrete Event
Household Electricity Demand

PHEV Usage

Agent‐based 
Modeling

Residential
Power 

Consumption
Simulation

Agent‐based 
Modeling
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AGENT-BASED MODELING 
APPROACH

 An agent‐based modeling and simulation approach for 
energy system analysis is used to investigate the 
mechanisms by which changes occur within the system.

 Multi‐agent systems are particularly adept at showcasing 
the interactions between individual entities in complex 
systems and the aggregate system behaviors that result 
from these interactions. 

 Because they can provide a mechanistic view of complex 
system interactions multi‐agent systems are suitable for 
analyzing energy system.

 Each type of entity that plays a role within the energy 
system is represented as an agent.

17



HOUSEHOLD ELECTRICITY 
DEMAND MODEL

 Household model based on the basic frame work 
proposed by Paatero and Lund1

 A household is defined by a set of appliances that it owns

 Each appliance has its own probability of turning on 
throughout the day with a its own set of power 
consumption data

 The electricity load demanded for all appliances are 
summed which gives the load profile of the household

 Temperature sensitivity for certain appliances are used

 PHEVs are formalized as an additional appliance in the 
residential household

18

1 Paatero, J. V.; Lund, P. D., A Model for Generating Household Electricity Load 
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APPLICATIONS OF THE 
AGENT-BASED MODEL

 Load calculation: The model can accurately calculate the 
current and future power consumption in the system.

 Future technologies integration: The effect of using 
future technologies can be tested. E.g.: the effect of 
large scale deployment of PHEVs, renewables
integration, distributed generation, battery storage etc.

 Smart‐device control algorithm: Algorithms for demand 
side management, smart device control can be 
developed and tested in the model.

 Economic evaluation of policies and technologies: The 
effect of economic policies and new technologies can be 
studied. E.g.: electricity tariffs, pricing mechanism
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MODELING PROCEDURE

 The data* for TransCAD was obtained from the Indianapolis 
Metropolitan Planning organization.

 The trip chart and  trip‐distance distribution was obtained for 
all the zones in Indianapolis from TransCAD.

 The agent‐based model was modified as per IPL’s requirement  
and PHEVs included as an appliance.

 The PHEV characteristics are modeled as per the TransCAD
output.

 The agent‐based model is used to simulate the household 
power consumption#.

 This data will be further used to evaluate the impact on the 
distribution system especially the transformer.

21

* Data provided by Indianapolis Metropolitan  Planning Organization(Indy MPO). The population estimates were 
prepared by Caliper Corporation and provided by INDOT(Indiana Department of Transportation). 
#  Appliance Saturation List / Usage Frequency – RECS Microdata 2005, www.eia.doe.gov
Usage Profiles :Mixture of national averages and patterns distilled from electricity data
Weather Data – Indianapolis, Appliance Specifications – Building Codebook



TRANSCAD: TRIP CHART FOR 
A ZONE WITH HIGH EV 

PENETRATION
Trip chart legend:

hbw : Home based 
work trip, i.e. trips 
made from home to 
work

hbo: Home based 
other. i.e. trips 
made from home to 
non‐work trips 
(shopping. leisure 
etc.)

nhb: Trips that do 
not originate or end 
at home.
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TRANSCAD: TRIP-DISTANCE 
CHART FOR A ZONE WITH 

HIGH EV PENETRATION
23

The number of trips here is the summation of hbw, hbo and nhb



SIMULATED HOUSEHOLD POWER 
CONSUMPTION FOR A ZONE WITH 

HIGH EV PENETRATION
24

The above load profile was obtained from the power system simulation using AnyLogic software. This load 
profile will be used as the input for the distribution system impact study.



DISTRIBUTION SYSTEM 
IMPACT

• Distribution systems are typically designed for specific 
load carrying capability based on typical load 
consumption patterns. 

• When plug‐in hybrid electric vehicles (PHEVs) are 
deployed the patterns of electric power demand will 
change. 

• It is possible that the electric power system may be 
adequate to handle the new patterns and levels of 
demand or it is possible that periods of overloads on this 
system may increase. 

• Both circuits and transformers are vulnerable to these 
overloads with the transformer being more susceptible to 
overloads.
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TRANSFORMER 
SIMULATION

 To quantify the impact PHEV charging could have on 
distribution transformers a loss of life calculation will be 
utilized. This method involves three steps:

 Distribution transformer simulation: In the first step, electric 
loads are simulated using the demand modeling procedure 
resulting transformer currents will be calculated using a 
center‐tapped single phase distribution transformer model.

 Electro‐thermal transformer simulation: From the 
transformer currents the electro‐thermal transformer model 
will be utilized to compute the transformer winding 
temperatures and hourly hot‐spot temperature.

 Loss‐of‐life (LOL) calculation: We use the hot spot 
temperature of transformer obtained from the previous 
simulation to calculate the loss of life of transformers.
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NEXT STEPS

 Complete transformer simulation modeling

 Publish whitepaper

 Conduct stakeholder meetings

 Identify follow‐up study options
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EXEcuTiVE suMMary

Despite the rapid economic growth of China and India, the United States is by far the world’s largest consumer of oil, 
accounting for more than 20% of the 87 million barrels per day that are used around the world. America’s dependence on 
oil has contributed to a suite of economic, security, geopolitical, and environmental problems, and, thus, there is growing 
national interest in reducing petroleum use.

The transportation sector of the U.S. economy is a focal point for policymakers because it accounts for 27% of U.S. 
greenhouse gas emissions (the gases linked to global climate change) and 70% of U.S. petroleum consumption. A majority 
of the oil in the transport sector is used to power light-duty vehicles such as cars, sport-utility vehicles, vans, and pickup 
trucks. Previous efforts to find alternatives to oil have not been highly successful, and thus the U.S. transportation system 
remains more than 90% dependent on petroleum. Absent effective countermeasures, oil consumption rates and greenhouse 
gas emissions are projected to grow in the United States and globally in the decades to come. 

A variety of alternatives to petroleum are under consideration, including biofuels, natural gas, hydrogen, and electricity. 
Each of these alternatives has benefits and limitations in different applications, and each may have some role to play in 
the decades ahead. But the requirements for any viable alternative to gasoline are becoming more demanding. Gasoline 
engines are becoming significantly more fuel-efficient due to innovative refinements, while conventional hybrid engines and 
advanced diesel engines are increasing their market shares. 

Plug-in electric vehicles (PEVs) are nonetheless coming to dealer showrooms. General Motors Corporation is offering the 
2011 Chevrolet Volt, while Nissan Corporation is offering the 2011 LEAF, vehicles that rely primarily or exclusively on 
electricity. Some plug-in vehicles are considered “battery electric vehicles” (BEVs), since they rely entirely on electricity (e.g., 
the LEAF), while others are called “plug-in hybrid electric vehicles” (PHEVs), since they still rely partly on conventional 
fuels (gasoline and diesel). Both BEVs and PHEVs are called “plug-in electric vehicles” because they are designed to be 
recharged by plugging into the power grid. Note that a conventional hybrid electric vehicle (HEV), such as the Toyota Prius, 
is powered by batteries and gasoline but is not considered a PEV because it does not have the plug-in feature. 

Powering vehicles with electricity is of significant interest because innovation in battery technology, if dramatic enough, 
could constitute a breakthrough in the search for ways to reduce petroleum use. In 2009, the U.S. federal government 
highlighted electricity as a promising alternative to petroleum for transport purposes. An official domestic goal of putting 
one million plug-in electric vehicles on the road by 2015 was established, and a variety of public policies to encourage 
electrification has been implemented by federal, state, and local governments. 

Some government support for the introduction of PEVs into the marketplace is warranted because firms are unable to 
capture all the benefits that their research and development (R&D) efforts produce. Suppliers and manufacturers are likely 
to underinvest in innovative initiatives to offer PEVs. Private underinvestment in R&D is the primary justification for public 
policy designed to stimulate private R&D through instruments such as low-volume production grants and loan guarantees, 
tax incentives, and public-private partnerships. 

This report examines public policies toward PEVs, taking into account the promise and limitations of PEVs, recent 
improvements in battery technology, market dynamics, and the proliferation of policies around the world that promote the 
use of PEVs. Our focus is primarily near term (i.e., 2011-25), recognizing that the transportation electrification process will 
evolve in stages based on the learning that occurs in the years and decades ahead. The report represents the views of the 
Transport Electrification Panel (TEP), a group of experts from multiple disciplines and organizations commissioned by the 
Indiana University School of Public and Environmental Affairs (IU SPEA). TEP’s work has been supported by a team of 
graduate students and faculty from IU SPEA, but the findings and recommendations in this report are strictly those of TEP.
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report findings

1.	 The	U.S.	PEV	Industry	in	the	Global	Market.	Virtually all major vehicle manufacturers and several start-up companies 
are offering—or are planning to offer soon—a PEV for sale in the U.S. market. PEV offerings have also been announced 
throughout Europe and Asia. While U.S. automakers are working on PEVs, the U.S. electric vehicle industry lags 
behind other regions—particularly Asia—in the areas of battery manufacturing, supply chain development, and raw 
materials production. PEVs may never dominate the mass vehicle market, but it is possible—some experts say likely—
that they will capture a significant share (5-15%) of the market over the next 15 to 20 years. 

2.	 Policy	Instruments.	Recent public policies in the United States and other countries have improved the prospects for 
initial commercialization of PEVs. These policies include generous tax credits for consumers and producers, new 
regulations of vehicle manufacturers, special access to high occupancy vehicle (HOV) lanes and city parking, loan 
guarantees and subsidies for companies in the PEV industry, grants for recharging infrastructure, and federal R&D 
support for more advanced battery technologies. California’s Zero Emission Vehicle (ZEV) program has been an 
influential driver of the recent product offerings by some automakers. Many countries have established short-term 
vehicle production targets comparable to those of the United States. Policies in some European countries, China, and 
Japan focus directly on promoting PEVs, while the European Union (EU) has focused on technology-neutral measures 
(e.g., carbon emissions limitations on new vehicle sales). Japan and South Korea have emerged as leaders in battery 
R&D, with the United States also becoming a significant R&D supporter. 

3.	 National	Goal	of	One	Million	Plug-In	Electric	Vehicles.	When the U.S. government established the goal of putting 
one million PEVs on the road by 2015, both the future of the technology and the financial capability of the U.S. auto 
industry were uncertain. The production intentions of automakers are currently insufficient to meet the 2015 goal, 
and even the current plans for production volume may not be met. Automakers could ramp up PEV production if 
consumer demand proves to be larger than expected. However, consumer demand for PEVs is quite uncertain and, 
barring another global spike in oil prices, may be limited to a minor percentage of new vehicle purchasers (e.g., early 
technology adopters and relatively affluent urban consumers interested in a “green” commuter car). 

4.	 Market	Drivers.	Four market factors, each of which can be influenced by public policy, present the greatest potential 
for altering the competitive position of PEVs in the vehicle market: (1) energy prices; (2) battery characteristics (safety, 
reliability, and production costs); (3) the availability of convenient and affordable recharging infrastructure; and (4) 
the pace of progress with PEVs compared to competing technologies, such as refinements to the internal combustion 
engine, conventional hybrids, advanced biofuels, natural gas vehicles, and fuel cell vehicles. 

5.	 Early	Adopters	vs.	Mainstream	Car	Buyers. One key reason that mass commercialization of PEVs may proceed slowly 
over the next decade is that mainstream retail purchasers of new vehicles differ from the relatively small number of 
enthusiastic “early adopters.” Mainstream car buyers are careful about investing in new technologies that are not fully 
understood. There are a variety of uncertainties about exactly how much money will be saved by PEVs (savings depend 
on uncertain forecasts of fuel and electricity prices), how reliable and safe the batteries will be, how convenient and 
costly it will be to recharge a PEV, how easy it will be to have the vehicle serviced, and how difficult it will be to resell 
the vehicle. Although proponents of PEVs are making progress in resolving these uncertainties, consumers will ask 
many questions before purchasing a PEV and will wait to hear from others who choose to experiment with a PEV.

6.	 The	Need	for	“Truth	in	Advertising.”	Initial consumer experiences with PEVs—their real-world driving range, cost, 
safety, reliability, and ease of recharging and resale—will exert a significant influence over mainstream consumers’ 
perceptions of PEVs. If customer expectations are inflated (by automakers, dealers, power companies, environmental 
groups, and/or government officials) relative to what is actually experienced, the reputational damage to the technology 
could be significant and possibly irreparable. News stories are already describing the “hype” associated with the 
campaign for PEVs. 
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7.	 BEVs	vs.	PHEVS. BEVs have some clear advantages over PHEVs: they offer greater potential for energy security 
benefits by eliminating the vehicle’s use of petroleum; they have no tailpipe emissions; they eliminate the complexity 
and cost of the internal combustion engine; and the electric drive system is relatively simple to design, produce, and 
service. However, the obstacles to mass commercialization of BEVs are even greater than the obstacles for PHEVs. 
Given the high cost of battery production, a BEV that approaches affordability (with generous tax credits) has a driving 
range of about 70-100 miles on a full charge. The battery pack takes a long time to fully recharge (usually overnight), 
and even using an expensive commercial recharger takes considerably longer than refilling a standard gasoline tank. 
Although typical daily travel patterns in the United States lie well within the 100-mile range, most vehicle purchasers 
desire a full-function vehicle that can meet their predictable peak travel demands (i.e., their longest trips, such as 
weekend and holiday road trips). With its battery pack complemented by a small gasoline or diesel engine, a PHEV 
can make use of the existing refueling infrastructure to achieve driving ranges of 300 miles by featuring conventional 
refueling capabilities in addition to recharging the battery. An affordable BEV cannot match this range or speed of 
refueling, so BEVs may not achieve mass commercialization until there are breakthroughs in battery technology, 
though they may succeed in niche markets such as commuter vehicles for affluent multi-vehicle households or urban 
pick-up and delivery vehicles. 

8.	 Recharging	Infrastructure.	Both PHEVs and BEVs are designed with the intention of using residential recharging as the 
primary refueling method, but BEVs also depend on the emergence of some recharging stations in the community. The 
obstacles to residential recharging are less challenging than community recharging, but more imperative to overcome. 
The biggest barriers to residential recharging are faced by those consumers who would otherwise find PEVs most 
attractive: urban dwellers with short commutes, who often lack garages or convenient access to an electrical outlet. 
Additionally, most municipal regulations and permitting processes are not yet designed with PEVs in mind and present 
a bureaucratic obstacle to the timely and efficient installation of residential recharging units. Workplace recharging will 
also be helpful and is already sponsored by some employers, but will occur less frequently than residential recharging. 
Retail outlets may have commercial incentives to install recharging facilities if sufficient demand develops, but the 
short-term need for community recharging is limited, installation remains expensive, and bureaucratic and technological 
obstacles persist. 

9.	 Battery	Innovation.	There are promising prospects for advancements in battery technology that improve performance 
and reduce costs, and breakthroughs in advanced battery chemistries remain a distinct possibility. Significant cost 
reductions in battery technology have already been achieved. Additional battery R&D may achieve even greater cost 
reductions, perhaps more significant than the cost reductions expected through economies of scale and “learning by 
doing” in the production process. While refinements of lithium-ion battery technology may prove sufficient for mass 
commercialization of PHEVs, a new type of energy storage will likely be required so that BEVs can satisfy the cost 
and range preferences of mainstream consumers. 

10.	 Environmental	Impacts.	A comprehensive environmental evaluation of PEVs must consider the fact that production of 
electricity will generate risks to the environment that will vary in nature and magnitudes depending on the source of 
power. The potential impacts of PEVs on climate change are of particular concern. Given the current mix of electricity 
sources in the United States, use of a PEV will emit far fewer greenhouse gases than the current average gasoline 
engine, but may not be better than HEVs that do not need to be recharged. As long as electricity production depends 
heavily on high-carbon energy sources, the net effect of PEVs on greenhouse gases will be limited and will vary by 
region. As electricity production shifts to lower carbon-emitting sources, the environmental promise of PEVs will be 
enhanced significantly. 
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recommendations

1.	 Technology-Neutral	Policies. Policymakers should generally pursue energy security and environmental goals through 
technology-neutral policies, thereby allowing the marketplace for fuels and vehicles to determine which technologies 
are superior. The following fuel-saving policy instruments are typically considered technology-neutral: a gasoline tax; 
a national fuel efficiency standard that allows manufacturers to trade compliance credits; and a “feebate” incentive 
system for fuel efficiency, where buyers of high-mileage cars are awarded a rebate while buyers of low-mileage cars pay 
a fee. Policymakers must recognize that innovative, emerging technologies are at different stages along their learning 
and cost-reduction curves, and it is difficult for innovators, including commercial “first movers,” to fully capture the 
benefits of their risk-taking. Thus, technology-neutral public policies will not always be technology-neutral in their 
practical effects. Some technology-specific policies are needed to allow emerging technologies to compete with mature 
technologies. If technology-neutral policies are not adopted, perhaps due to political opposition, and instead technology-
specific policies are enacted, they should be designed to be as cost-effective as possible. Before any policies are enacted 
that might seem to promote PEVs specifically, the benefits of fleet electrification need to be compared to those from 
competing technologies. Given the technological and market unknowns, it may be wise for policymakers and businesses 
to invest in a mix of emerging technologies (non-PEVs and PEVs) until R&D and real-world experience establish 
which technologies are superior in specific applications. Any targeted public assistance for PEVs should be limited in 
both duration and production volumes. These programs should also be monitored and evaluated regularly to ensure 
accountability and effectiveness.

2.	 National	Demonstration	of	PEVs. A federally supported, national PEV demonstration program should be implemented 
to help overcome the information barriers faced by the PEV industry today. A de facto demonstration is already 
underway as private and governmental efforts prepare target communities for PEVs. Yet these efforts have not been 
combined and coordinated in a focused national program aimed at “learning by doing.” In order to resolve uncertainties 
about PEVs, it is crucial that the demonstrations gather data from consumers, dealers, manufacturers, utilities, retailers, 
and municipalities. Without key data, the opportunity to learn about the real-world experience with PEVs—successes, 
burdens, and mistakes—will be foregone, and unnecessary public uncertainty, confusion, and debate will continue. 
In the design of a cost-effective national demonstration program, the following program characteristics should be 
considered:

• A focus on a limited number of designated communities (five to 20, depending on community size) with a range 
of climates, demographic and housing characteristics, public transit systems, and electric utility and regulatory 
systems. 

• A strong partnership between national laboratories, universities, municipalities, and private actors is needed to 
collect high-quality data. The demonstration communities, and especially the data-gathering exercises within 
them, must be large enough to support statistically significant sample sizes, and the original data and findings 
must be shared widely with researchers and practitioners. 

• In order for a demonstration community to provide useful data, it should have as many of the following 
characteristics as possible:

o streamlined permitting procedures to facilitate recharging;

o time-of-use data gathering and electricity pricing capability;

o a priority placed on residential recharging infrastructure coupled with some workplace and community 
recharging; 

o guidance materials available regarding niche fleet markets where PEVs may be particularly promising 
because routes are short and recharging can be performed at a central location (e.g., urban pick-up and 
delivery vehicles);

o data gathering activity on vehicle purchasing and leasing, driving patterns, servicing and recharging 
behaviors, and the evolution of public perceptions and attitudes; and
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o action plans and evaluation activities that coordinate the vital roles of motorists, car dealers, automakers 
and suppliers, utilities, regulators, fleet buyers, and universities. 

Such a demonstration program should be monitored by independent analysts to ensure that community demonstrations 
do not proliferate to the point that they represent a bias toward PEVs. 

3.	 Global	 Leadership	 Position	 in	 Technology,	 Manufacturing,	 and	 Public	 Policy. The U.S. automotive, battery, and 
electric power industries, in collaboration with the U.S. government and universities, should seek to establish a global 
leadership position in electric mobility, especially in advanced energy storage technologies and production of batteries 
and related components. Constructive steps have already been taken toward fostering a U.S.-based supply chain for 
PEVs and expanding R&D into advanced batteries and other power train components. The track record of policies 
toward PEVs needs to be evaluated and, where necessary, refined as technology and market conditions change. Thus, 
the national demonstration and R&D program should be seen not just as a strategy to pursue worthy energy security and 
environmental goals, but also as a strategy to help revitalize the U.S. manufacturing sector. 
 

4.	 International	Collaboration. Although the focus should be on advancing U.S. leadership and competitiveness in this 
dynamic field, there is also a need for some international collaboration. Historically, different vehicle standards have 
been a barrier to international trade, making it difficult for companies to transfer innovations from one national market 
to another. The EU, Asia, and North America are adopting somewhat different technical procedures and public policies 
toward PEVs. Areas ripe for cooperation include codes and standards for recharging, approaches to measuring vehicle 
fuel efficiency, and emissions measurement, including test conditions. A regular international exchange of information 
about the formulation of successful PEV demonstrations and public policies is also appropriate. Since China and the 
United States have some common national interests in reducing petroleum use and have facilitated constructive corporate 
partnerships in vehicle technology and production, the China-U.S. dialogue on PEVs should be encouraged to continue, 
assuming intellectual property rights are respected. 

5.	 Cost-Effective	Consumer	Incentive	Programs. For investors in emerging technologies, there can be a “valley of death” 
between the market acceptance of early adopters and widespread commercialization. Without some public assistance 
through this valley, emerging technologies with long-term promise may be discarded prematurely. In this regard, PHEVs 
may be closer than BEVs to overcoming the valley, since the current energy storage capabilities for BEVs are inadequate. 
While generous volume-limited tax credits have already been established for consumers who purchase a PEV (e.g., up 
to $7,500 at the federal level and an additional $5,000 in a few states), the following targeted, cost-effective measures 
to boost consumer demand for PEVs are worthy of consideration:

• government and commercial fleet purchases; 

• PEV access to HOV lanes and parking in congested urban areas; 

• battery warranty adjustments or guarantees; and

• targeted public information programs to dispel myths and reduce confusion.

6.	 Support	for	Recharging	Infrastructure. Private investments in recharging infrastructure may prove to be too small to 
support adequate demonstrations due to high initial costs for recharging infrastructure, few “first mover” advantages, 
relatively low energy prices in the United States, long payback periods, and uncertainty about the volume of future PEVs 
on the road. Significant public funding of recharging infrastructure has already been appropriated, and it is not yet clear 
whether more funding is necessary. Since some retailers (e.g., shopping malls) may have adequate business incentives 
to offer recharging stations to help attract and retain customers, relatively little infusion of public funds should be aimed 
at community recharging facilities. As additional public cost-sharing of recharging is provided, the cost-effectiveness 
criterion suggests that the highest priority should be residential recharging, followed by stations at workplaces and then 
community stations. Excessive spending on community stations may result in severely underutilized infrastructure, 
which can damage public support for PEVs.
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7.	 Modernizing	the	Electric	Power	System. Even a partial shift from petroleum to electricity as a transportation fuel will 
have ramifications for the operation and growth of the electric power system. Detailed knowledge of the power grid is 
required to ensure that outages are avoided. To optimize the benefits of electrification, public policies should be adopted 
to: 

• accelerate “smart grid” research, standards, and implementation; 

• expand the availability of lower electricity prices during off-peak periods to enhance consumers’ willingness to 
charge their vehicles at night, and include continuous time-of-use pricing adjustments where acceptable;

• increase the availability of metering, recharging, and vehicle technologies that will enable these time-of-use 
adjustments to electricity prices; and

• encourage or require enhanced efficiency and the movement toward a cleaner power generation system in 
order to reduce upstream emissions associated with PEVs in the form of greenhouse gases and conventional 
pollutants. 

8.	 Long-Term	 R&D	 Commitments. Lithium-ion batteries may never have adequate energy density to independently 
power a household’s primary multi-purpose vehicle. Although there have been significant improvements in battery 
technology since the 1990s, policymakers should consider a large increase in federal R&D investments into innovative 
battery chemistries, prototyping, and manufacturing processes. A broader selection of R&D grantees, with even more 
vigorous competition, is appropriate compared to past practices. Sustained investment in R&D, including both public 
and private funds, is crucial as the United States seeks to establish a leadership position in the growing global market for 
advanced battery technologies and related components. The potential spillover benefits in the economy from R&D and 
manufacturing leadership deserve serious consideration by policymakers, even though public R&D decisions will be 
made in a troubled federal fiscal situation. In order to determine the appropriate scale of R&D expansion, the expected 
payoffs from long-term R&D investments in energy storage techniques should be compared to the anticipated payoffs 
from R&D investments in other advanced fuels and propulsion systems.

Countries around the world are jockeying for position in the emerging PEV industry. The time for the United States to secure 
a leadership position in the global market for PEVs is now. This report provides an expert panel’s view of how the United 
States can secure this role in a cost-effective manner. 
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prEfacE

A major experiment with plug-in electric vehicles (PEVs) is about to unfold around the world. While the design of the 
propulsion systems vary considerably (including the precise battery technology), a common feature of these vehicles is that 
the consumer will be expected to recharge the vehicle at home, at work, and/or at a publicly available recharging station. 
 
The stakes in the outcome of this experiment are considerable. Automakers and suppliers, taxpayers, and venture capitalists 
have made multi-billion dollar investments in the gamble that PEVs will prove to be commercially viable. But the gamble is 
not simply a financial one. By reducing global dependence on petroleum, PEVs may help address some of the globe’s most 
pressing risks: energy insecurity, environmental damages from oil spills, urban air pollution, and global climate change. 

If PEVs prove to be commercially viable and if U.S. companies and workers are leaders in this emerging industry, the 
economic payoff for the manufacturing sector of the U.S. economy, and the economy as a whole, could be enormous. If, 
instead, Asian and European firms dominate the emerging sector, the future of America’s troubled manufacturing sector 
could become even bleaker. Thus, interest in the electric vehicle industry is tied to broader concerns about the future of 
manufacturing in the United States and the global competitiveness of American industry. 

Despite their promise, there are many unanswered questions and concerns about PEVs. Will the limited range of these 
vehicles satisfy the perceived needs of consumers? Will battery packs be reliable, durable, and safe when a vehicle is 
used under extreme conditions and as a vehicle ages? Will local communities make sufficient investments in recharging 
infrastructure to facilitate widespread use of PEVs? Will PEVs be an attractive financial proposition when accounting for 
expensive battery packs, the cost of recharging infrastructure, and the anticipated financial savings from using electricity 
instead of gasoline? Even if PEVs reduce pollution at the tailpipe of the vehicle, will they result in more pollution at electric 
power plants? Since the per-mile cost of electricity is currently much lower than gasoline, will owners of PEVs contribute 
to congestion, pollution, and crashes by driving more miles on an annual basis than they would with a gasoline-powered 
vehicle? The answers to all these questions will not be known with precision until some real-world experience with PEVs 
materializes. 
 
Recognizing the importance of this issue, the Indiana University School of Public and Environmental Affairs (IU SPEA) 
commissioned an expert panel, the Transportation Electrification Panel (TEP), in the spring of 2010 to examine the future 
of PEVs in the United States. TEP convened twice in Washington, D.C., May 10–11 and October 18–19, 2010. The panel 
received input from academics as well as from representatives of industry, government, and non-profit organizations. Staffed 
by graduate students and faculty at IU SPEA, TEP was tasked with the following charge:
 
1.    assess whether the U.S. government’s goal of putting one million plug-in electric vehicles on the road by 2015 can be 

achieved given current federal and state policies and market dynamics;

2.    suggest constructive policy innovations that will advance the prospects of transport electrification in a cost-effective 
manner, thereby overcoming the economic and non-economic obstacles to commercialization; and

3.    identify and evaluate the beneficial and adverse effects, including the unintended risks and costs, which could result 
from the increasing policy interest in transport electrification and examine their policy ramifications.

IU SPEA has funded and staffed the work of TEP, but the recommendations in this report are those of TEP and do not 
necessarily represent the viewpoints of SPEA, IU, or the state of Indiana. Nor should the recommendations be attributed to 
the organizations that employ the members of TEP, since the members have participated in this report as individuals, without 
any expectation that their employer would review or approve of the content of this report. 
 
The purpose of this report is to inform the federal, state, and local policymakers who are considering enactment of policies 
that will influence the future of the plug-in electric vehicle industry. The report will also be of interest to leaders of foreign 
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governments. We trust that the report will provide useful insight for the wide range of stakeholders with an interest in 
the issue, such as environmental and consumer organizations; manufacturers who assemble and dealers who sell motor 
vehicles; suppliers of batteries, electrical systems, lithium, and other parts of a propulsion system or vehicle; providers 
of electric power and their regulators; and reporters, opinion leaders, and members of the general public. 

February 2, 2011
John D. Graham, Ph.D.
Dean
School of Public and Environmental Affairs
Indiana University
Bloomington, Indiana
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inTroDucTion 

Early History of the Electric car

Interest in electric propulsion of cars and trucks is on the rise throughout the global automobile industry, but the idea is 
certainly not new. The electric car was invented in the 1830s, decades before the invention of gasoline and diesel engines. 
By the turn of the century (1900), the number of automobiles powered by electricity in the United States was almost double 
the number powered by gasoline (though both were outnumbered by steam-powered vehicles).1 The commercial success of 
electric vehicles was greater in the United States than in any other country. However, U.S. sales peaked in 1912 and steadily 
declined to near-extinction in the following decade.2 

Historians attribute the initial demise of the electric vehicle to a variety of factors, including their lack of horsepower, the 
improved availability of gasoline, and the demand for longer-distance vehicles.3 By the 1920s, improved road networks 
between American cities were stimulating consumer demand for longer-range vehicles.4 Due to their short range, electric 
cars sold in the United States from 1900 to 1930 were owned primarily by affluent urban residents. 

The decline of real oil prices also played a role. The discovery of accessible crude oil in California, Oklahoma, and Texas 
caused the price of gasoline to become more affordable for ordinary Americans. Innovations also helped the gasoline 
engine. The invention of the muffler in 1897 led to a reduction in engine noise, while invention of the electric starter in 
1912 eliminated the need for the hand crank. While progress with the electric car was also occurring, three stumbling blocks 
were persistent: low top speed, short range on a single charge, and relatively high cost of production. Henry Ford’s mass 
production of the internal combustion engine allowed gasoline cars to be sold for $500–$1,000, while the typical electric 
car—even one without frills—was typically priced well above $1,000. The gasoline-powered model became the engine of 
preference for automobiles. 

By 1935, the electric automobile had virtually disappeared, and interest in electric propulsion would not return for 25 
years.

Unlike the 1900–30 period when consumer demand spurred interest in the electric car, the resurgence of interest in 
electrification that began in 1960 is attributed primarily to public concerns about air quality. Poor air quality in urban 
areas was a key factor, especially in smog-ridden Los Angeles and other cities where cars were popular, geography was 
unfavorable to dispersion of pollution, and mass transit systems had become impractical or underfinanced.5 With strong public 
support, environmentalists advocated alternative approaches to fueling cars that would reduce or even eliminate pollution 
from the tailpipes of cars. 

In 1966, Congress introduced the first bills supporting electric cars as a method of air pollution control.6 The California Air 
Resources Board (CARB) issued a variety of regulations aimed at spurring cleaner engines, including electric cars and other 
so-called “zero-emission vehicles” (ZEVs).7 The U.S. Environmental Protection Agency (EPA) also issued regulations to 
spur cleaner engines but EPA rules often lagged behind those issued by CARB.8

The world oil crises of the 1970s, especially the quadrupling of nominal oil prices following the 1973–74 Arab oil embargo, 
caused politicians in the United States to search for alternative ways of fueling America’s economy. Since America’s 
electricity sector was to be weaned off oil in favor of coal and natural gas, the electric car was seen as a positive step 
toward America’s “energy independence.” In 1975, for example, the U.S. Postal Service purchased 350 electric delivery 
jeeps from American Motors Corporation, jeeps with a top speed of 50 miles per hour, a maximum range of 40 miles, and a 
10-hour recharging time.9 However, the high cost of batteries and short driving range remained insurmountable barriers to 
commercial success.10 
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The combination of CARB regulations, the national Clean Air Act Amendments of 1990, and the national Energy Policy Act 
of 1992 caused most major vehicle manufacturers to offer a limited number of electric cars and/or trucks for sale, especially 
in California. From 1992–98, for example, the following electric vehicles were offered on a limited basis: Ford’s Ecostar 
utility van, an electric version of the Ford Ranger pickup truck, GM’s EV1 two-seat sports car, an electric version of the 
Chevy S-10, an electric version of the Toyota RAV4 SUV, the Honda EV Plus sedan, Chrysler’s EPIC minivan, and the 
Nissan Altra EV station wagon.11 

None of these vehicles was a commercial success. Sales of electric cars were hampered by their high prices (typically 
$30,000–$40,000 before tax breaks), a small consumer market, a sustained period of low oil prices in the 1990s (with fuel 
prices as low as $1.00 per gallon), and judicial and technical setbacks for CARB as it sought to implement and enforce the 
ambitious ZEV program. By 2000, interest in electric-drive vehicles in the United States had transferred to a few bold start-
up companies (e.g., Tesla), while GM, Ford, Chrysler, Honda, and Toyota saw limited prospects.

Drivers of renewed interest

In the last decade, a variety of factors have converged to stimulate reconsideration of electricity as an alternative fuel for the 
transportation sector of the U.S. economy. Energy security concerns and environmental concerns and regulations are key 
drivers of this renewed interest in transport electrification. 

Energy	Security	Concerns

Since the world oil crisis of 1973–74, the industrial and utility sectors of the U.S. economy have dramatically reduced their 
dependence on petroleum through enhanced energy efficiency and conversion to other energy sources (largely natural gas and 
coal). However, with the exception of a modest increase in the use of biofuels, little progress has been made in reducing oil 
use in the transport sector. There have been major gains in vehicle fuel efficiency since 1975, but they have been essentially 
nullified by the prevalence of heavier cars due to consumer demand for size, luxury equipment, and performance.12 PEVs are 
seen as a promising tool to reduce oil dependence, as electricity production in the United States is virtually free of petroleum 
(petroleum constituted 1% of U.S. net power generation in 2009).13   

Transportation is critical to the functioning of any economy. With more than 90% of its transportation energy coming from 
petroleum-based fuels,14 the United States is vulnerable to any sources of volatility in the world oil market. For example, 
sudden and large increases in world oil prices have occurred previously due to wars in the Middle East, unrest in Nigeria, 
unexpected refinery shutdowns, and perceptions among market actors that oil shortages might emerge in the future. The 
United States does not import much oil from the Middle East, but our oil-based economy is whipsawed by instabilities in the 
oil-rich region because oil is a commodity whose price is determined in a global market. Thus, oil consumption from either 
domestic or imported sources creates vulnerability to oil supply disruptions. 

OPEC accounts for about 40% of the world’s yearly oil production (about 87 million barrels per day were demanded 
worldwide in 201015), and this dependence is projected to increase to more than 50% by 2025.16 While OPEC is believed 
to have two million barrels per day in spare capacity (mostly in Saudi Arabia), the Saudis have historically been quite 
ineffective in modulating the use of their spare capacity to prevent large swings in world oil prices. Thus, even if Saudi 
Arabia is seen as a country sympathetic to U.S. interests and the Saudis shared an interest in more stable oil prices, they 
have not demonstrated an ability to accomplish sustained price stability. OPEC may actually prefer price volatility because 
it undermines the confidence of investors in alternatives to petroleum.17 It is notable that OPEC countries are gradually 
gaining more control of refining operations as well as oil production facilities, which means they are acquiring more ability 
to control diesel and gasoline prices around the world.18 

While the economic impacts of oil dependence are significant, the geopolitical ramifications are arguably more important, 
and they are certainly salient to leading policymakers in the U.S. Department of State and Department of Defense. Since 
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the United States is a large consumer of oil (accounting for more than 20% of global demand,19 a share that is decreasing 
due to growth of developing countries), U.S. consumption helps boost the world price of oil, which in turn enlarges the 
flow of money from oil-consuming countries to oil-exporting countries. Foreign policy specialists, including former CIA 
Chief R. James Woolsey, 20 contend that this large transfer of wealth—sometimes managed through huge “sovereign wealth 
funds”21—produces foreign policy consequences that are harmful to U.S. interests and undercuts the values and ideals that 
the United States is striving to promote around the world.

A task force of the Council on Foreign Relations recently summarized some of the adverse geopolitical ramifications.22 Oil 
dependence induces political realignments that inhibit the United States from forming international partnerships to achieve 
common objectives. Venezuela, for example, uses its wealth to dispense patronage around South America. 23 Oil money 
certainly strengthened the hand of Russian Prime Minister Vladimir Putin, who consolidated his power, rolled back the 
tentative steps to democracy in Moscow, and opposed U.S. interests in the independence efforts of Kosovo.24 

Another perverse effect of oil dependency arises when oil-consuming countries alter their policies to better accommodate 
the interests of countries who act as their oil suppliers. High oil prices (and the appearance or perception of scarce supplies) 
diminish political confidence in the ability of open markets to ensure secure supply, leading oil importers to forge political 
arrangements outside commercial terms. These arrangements lead to special political relationships that can pose challenges 
to the advancement of U.S. interests in foreign policy. For example, achieving consensus among American allies regarding 
sanctions on Iran is difficult due to allies’ reliance on Iran’s oil supply.25 

There are concerns that wealth transfers to oil exporting countries have been an indirect source of funds for terrorists hostile 
to U.S. interests. Tracing the dollars is not easy, because there is no transparent record of how almost half of the wealth 
transfers are ultimately expended.26 But evidence suggests that oil revenues have helped finance some of the organized 
military opposition to U.S. forces in Iraq and Afghanistan.27 Based on this intelligence, it has been stated that the United 
States finances both sides of its military conflicts.28

High oil prices are also believed to cause oil-exporting countries to be less democratic and more autocratic than they would 
otherwise be. There are certainly exceptions to this association (e.g., Norway and perhaps Mexico), but a statistical study 
of 113 states from 1971–97 found a clear inverse relationship between reliance on oil or mineral wealth and democratic 
governance.29 The causal pathways are complex. When regimes are flush in oil revenue, they can keep the public content 
through low taxes and generous spending on services while quietly repressing social groups who oppose the regime.30 While 
some studies have found a significant link between oil exports and the risk of civil war,31,32,33 other studies find lower levels 
of anti-state protests and civil war,34 perhaps because oil-rich autocrats can buy a degree of domestic tranquility (at least in 
the short run). 

In summary, American opinion leaders and policymakers increasingly view U.S. oil dependence as damaging to U.S. 
interests in foreign policy. The lay public has shared this view for several decades. Given that increasing use of PEVs can 
reduce dependence on petroleum, the geopolitical ramifications of oil dependence will be a persistent and growing driver 
of political interest in PEVs. 

Environmental	Impacts	and	Regulations	

The environmental ramifications of oil-based transportation are also a major driver of interest in the future of PEVs. If 
transportation can shift from petroleum-based fuels to electric power, PEVs may have the effect of reducing water 
contamination from oil drilling, reducing the frequency of oil spills from off-shore facilities and tankers, reducing smog and 
soot in the air, and slowing the rate of global climate change by curbing greenhouse gas (GHG) emissions. In some cases, 
environmental regulations that address these concerns are already acting as a driver in favor of PEVs. 
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Environmental concerns about oil 
dependence reached a critical point 
in the summer of 2010 with the 
ecological damage wrought by the 
British Petroleum Deepwater Horizon 
oil spill. Tanker accidents also act 
as high-profile consequences of oil 
dependence, although more mundane 
spills occur frequently from pipeline 
leaks. While the United States can also 
act to reduce the likelihood of spills 
with stricter regulation, reducing the 
demand for petroleum in the United 
States would also have a beneficial 
effect.

In California, a key driver toward 
PEVs in the 1990s and a modest driver 
today, is the desire to curb tailpipe 
emissions that contribute to smog and 
soot in urban air.35 Mobile sources 
also emit air toxics that may increase 
the chance that exposed populations 
will develop cancer and suffer some 

damage to immune, reproductive, neurological, developmental, and respiratory systems.36 While smog, soot, and air toxics 
remain a serious concern, recent U.S. regulations of fuels and engines (combined with regulations from CARB) have caused 
a dramatic decline in the rate of tailpipe emissions. 

More recently, the environmental case for PEVs has shifted to their promising role as a technology to reduce the greenhouse 
gas emissions that are linked to global climate change. The U.S. transportation sector is responsible for about 27% of GHG 
emissions nationwide,37 (see Figure 1) and the use of passenger cars and light trucks is one of the most rapidly growing 
sources of GHGs. Currently, passenger vehicles contribute more than half of all domestic transportation sector emissions.38 
Without GHG controls on the U.S. transportation sector, it is likely that GHG emissions will continue to grow (even if 
modest progress is made in reducing GHGs from stationary sources). PEVs can be a part of a technology portfolio to reduce 
GHG emissions from the transportation sector.* 

The development of new regulatory programs to improve vehicle fuel economy and reduce carbon dioxide emissions is a 
key driver of recent manufacturer interest in offering PEVs. The ZEV program administered by CARB is scheduled for 
refinement this year.39 It is widely expected that compliance with new ZEV rules will entail some limited offerings of PEVs 
by all high-volume manufacturers seeking to do business in California.40 

The U.S. federal government has issued ambitious fuel economy and carbon standards for new cars and light trucks produced 
through model year 2016.41 A new process is also underway to consider how much to tighten these regulations for new 
vehicles sold in the 2017–25 timeframe. In the near term, manufacturers are encouraged to comply by offering PEVs since, 
under federal rules, each manufacturer can sell 200,000–300,000 PEVs without any compliance penalty for the upstream 
GHG emissions that these vehicles generate. 

Figure 1: U.S. Greenhouse Gas Emissions by Sector (2008)

Industrial
20%

Source: Pew Center on Global Climate Change, Transportation Emissions in the United States. Accessed Jan 
22, 2011. Adapted from: U.S. Environmental Protection Agency (EPA), 2010. Inventory of U.S. Greenhouse 
Gas Emissions and Sinks: 1990-2008 [http://www.epa.gov/climatechange/emissions/usinventoryreport.
html]. Available from: http://www.pewclimate.org/technology/overview/transportation
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*A discussion on net emission impacts of PEVs that account for “upstream” emissions increases from power plants is in the “Recent Market 
Developments” section, see p. 42.
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Enablers of Electric propulsion

Certain technological and economic factors have improved 
the commercial prospects for PEVs. These factors fall into 
three categories: battery technology, smart grid technology, 
and energy economics. 

Battery	Technology 

Advances in computer and battery technology have already 
exerted a significant impact on the automotive industry by 
helping to revitalize the hybrid-electric powertrain system, 
which was first offered at the turn of the 20th century by 
Tesla, Porsche, and Edison. In the late 1990s, nickel-metal 
hydride (NiMH) batteries were selected to propel the Toyota 
Prius, the small hybrid car with distinctive aerodynamics that 
is now in its third generation of commercial success.42 

The nickel-metal hydride electric vehicle battery was invented 
in Japan by Dr. Masahiko Oshitani of GS Yuasa Corporation 
and in the United States by Stanford R. Ovshinsky of Energy 
Conversion Devices.43 Due to the assignment of patent rights 
and subsequent corporate deals, Toyota and General Motors 
Corporation developed strong initial positions in the global 
battery industry. But Toyota did better than GM in finding 
some commercial success. In early 2007, the Prius was the 
seventh best-selling vehicle in America, and in some U.S. 
cities (e.g., San Francisco and Portland, Oregon) it was the 
top-selling car.44 In recent years, Prius sales in the United 
States have averaged 150,000 per year with a total of more 

than 800,000 sold in the United States since 2000.45

Despite the commercial success of the Prius, the revitalization of the hybrid electric vehicle (HEV) has not yet had any more 
than a modest impact on the overall U.S. vehicle market. The original Honda Insight and the larger, performance-oriented 
Honda Accord Hybrid were terminated due to poor sales.46 Among mid-sized and large sedans, the hybrid remains a small 
player. The Ford Escape and Toyota Highlander SUVs are offered with hybrid options, but fewer than 20% of buyers choose 
to pay the premium price for the hybrid.47 All of GM’s hybrid offerings to date have been commercially unsuccessful, and 
no manufacturer has successfully offered a hybrid engine in the large market for pickup trucks.

Looking over the past decade, the number of hybrid offerings in the U.S. market has proliferated from the Toyota Prius and 
Honda Insight in 2000 to more than 15 in 2011.48 Most forecasters project steady (or even rapid) growth of the HEV market 
through 2025, but in 2009, HEVs accounted for less than 3% of vehicle sales in the United States.49 In fact, the Prius accounts 
for almost two-thirds of all HEVs sold in the United States since 2000, and survey data suggest that the Prius experience will 
not be easy to replicate (e.g., more than 70% of Prius buyers earned above $100,000 per year, and Prius buyers were often 
trading down from luxury vehicles such as the Audi A6, the BMW X3, and the Acura TL).50 The Prius has proven successful 
in a niche market with distinctive characteristics from the mainstream market. PEVs may have early success in this niche 
market, but widespread commercialization of PEVs will require success with a broader range of buyers. 

California’s Zero Emission Vehicle Program

In 1990, the California Air Resources Board (CARB) mandated 
that auto companies’ sales fleets include zero emission vehicles 
(ZEVs) at 2% of their California sales mix by 1998, increasing to 
10% of sales by 2003.  At the time, expectations were that ZEVs 
would primarily be battery-powered.  In 1996, auto companies 
began leasing PEVs to the public and agencies. However, the 
ZEV mandate encountered difficulties, and automakers stopped 
producing PEVs.  On the heels of a lawsuit by automakers, the 
mandate was adjusted to allow ZEV credits for non-ZEVs and 
development of new technology ZEVs in 2003.  

The policy revisions also included a point system for increased 
flexibility in compliance. Three emissions categories qualify for 
credits: a gold level for ZEVs, a silver level for zero emission enabling 
technologies (including HEVs, PHEVs, and vehicles fueled by 
compressed natural gas), and a bronze level for gasoline vehicles 
with exceptionally low exhaust and evaporative emissions. Full 
implementation of the current mandate would result in 67,500 
zero or near-zero emission vehicles on the road by 2012. Note: 
The 2015 requirements will be updated this year.

Sources: California Air Resources Board, March 17, 2010. Zero-Emission 
Vehicle Legal and Regulatory Activities—Background. Available from: 
http://www.arb.ca.gov/msprog/zevprog/background.htm

California Air Resources Board, Sept 21, 2009. Overview of the California 
Zero Emission Vehicle Program. Available from: http://www.arb.ca.gov/
msprog/zevprog/factsheets/overview.pdf 

Webb, A. Aug 2, 2010. “California’s Zero-Emission Credits Give Startup 
EV Makers a Boost.” Automotive News, pg. 16.
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For commercial success of PEVs, major advances in battery technology are needed to ensure affordable cost, safety, 
durability, and excellent performance. The development of lithium-ion batteries is a particularly promising start because 
their cost of production has declined markedly in the last decade (in the service of non-vehicle applications), and their 
chemistry offers performance advantages regarding power and energy density optimization.* Lithium-ion batteries typically 
have half the weight and twice the power of the nickel batteries that have been used in previous electric vehicle ventures.51 
As a result, when Toyota offers a plug-in version of the Toyota Prius in 2012, it is expected to have lithium-ion instead of 
nickel batteries.52 
 
The world’s first mass-production line for automobile lithium-ion batteries opened in Japan in April 2009 as a joint venture of 
GS Yuasa Corporation and Mitsubishi Motors.53 Called “Lithium Energy Japan,” the venture’s premise is that a manganese-
based chemistry can be less expensive and more stable than the cobalt-based varieties of lithium batteries championed by 
Yuasa’s competitors.54 The world’s top producer of lithium batteries, Sanyo Electric Company of Japan (a subsidiary of 
Toyota-affiliated Panasonic Corporation), will supply lithium-ion batteries for the plug-in Prius.55 
 
Smart	Grid	Technology

Electricity distribution occurs through an electric grid, which is an interconnected network that delivers power from suppliers 
to consumers. There are some noted inefficiencies with electric distribution. The current form of the grid has contributed to 
brownouts and blackouts, most notoriously the blackout that occurred in the Northeast from overload during a heat wave in 
August 2003. 

One solution to these issues is a “smart grid,” which incorporates advanced transmission, distribution, metering, and 
consumer technologies. Although the phrase “smart grid” has no universal definition, it tends to encompass two-way 
communication between the user of electricity and the energy provider, enhanced second-by-second monitoring of electric 
loads, and the capability to manage two-way electricity flows that go from the provider to the user and from the user back 
to the provider. 

The pace of penetration of smart grid technologies is uncertain, but they are being deployed around the world today and seem 
inevitable in the long run. The current electric infrastructure is aging and will require substantial investment in upgrades and 
expansions in coming decades.56 The need for smart grid management is growing due to the increasing role of intermittent 
renewable energy sources such as wind and solar power that depend on weather conditions and the growing number of 
independent power producers that own alternative energy systems that must be integrated into the grid. The smart grid, if 
designed and operated properly, can be expected to enhance both system efficiency and reliability. 

Before the concept of the smart grid, there were fears that widespread use of PEVs would strain the grid because PEV 
owners would drive home after work and plug their vehicles into the grid during the high-demand period from 4 p.m. to 7 
p.m. on weekdays. Peak power demands determine how many new power plants must be built. Moreover, when a plant’s 
capacity is strained, disruptions and blackouts are more likely to occur. 

The deployment of smart grid technologies in coming decades may facilitate the commercialization of PEVs in several 
ways. Smart meters and recharging software will enable precise monitoring of electricity flows between batteries and the 
grid. Smart chargers can manage the power drawn by PEVs, helping to ensure battery recharging occurs outside high-
demand times. If utilities accompany smart grid technologies with innovative time-of-day pricing options, vehicle owners 
will have incentives to charge their batteries during the hours with lower demand for energy (usually overnight). Though 
not required for PEV commercialization, smart grid technologies could also provide the infrastructure—the distribution 
technologies, power conversion technologies, and consumer-utility interface systems—to help PEVs achieve higher rates 
of commercialization. At the least, smart grid technologies can enable the deployment of future electricity technologies 

*Detailed information on battery costs in the following section, “Recent Market Developments,” see pp. 36-37. 
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that may prove useful in later stages of PEV commercialization, such as quick recharging technologies and two-way power 
flow.

Energy	Economics

The economics of PEVs entail a comparison between the price of electricity and the price of gasoline. Both prices can 
change, but oil prices (which influence retail prices of gasoline and diesel fuel) have been more unpredictable. Oil price 
volatility undermines investment in alternative fuels. While the nominal price of fuel at the pump was well below $2 per 
gallon for most of the 1990s, it has been persistently above $2 per gallon (with periodic spikes above $3 per gallon) since 
2000.*  Despite the severe global recession of 2007–09, nominal fuel prices in the United States have remained well above 
$2 per gallon and, in early 2011, again passed $3 per gallon. 

Most forecasts call for rising fuel prices over the next few decades as the global economy recovers and as China and India 
claim progressively larger shares of global oil supplies. OPEC’s continued influence in the petroleum market suggests that 
the world price of oil will continue to be inflated compared to what a competitive global market for oil would produce. And, 
when the United States, European, and Asian economies are fully recovered and growing again, OPEC’s ability to push the 
world price of oil over $100 per barrel will be buttressed. 

The prices of gasoline and diesel fuel are tightly linked to the world price of oil, but electricity prices in the United States are 
only weakly related to oil. Electricity prices are determined in regional markets and are related to the prices of natural gas 
and coal, which account for about 70% of U.S. electricity production.57 The cost of electricity for electric drive is around 2 to 
4 cents per mile, which varies with regional electricity prices.58 Consequently, U.S. electricity prices are typically one-fourth 
to one-half of gasoline prices when the two prices are compared on an energy-equivalent basis. Most forecasts suggest that 
this spread will continue (and probably increase) in the decades ahead.** However, the infrastructure for driving is funded 
by the gasoline tax, while electricity is not currently subjected to any such tax. If PEV consumers had to pay their fair share 
of infrastructure costs, the gap between the costs of these two fuel sources would narrow. Overall, the basic trends in energy 
economics appear to be favorable to the commercialization of PEVs. 

*Historical, current, and forecasted future petroleum prices are available from the Energy Information Administration at: http://www.eia.doe.gov/dnav/
pet/pet_pri_top.asp

**The EIA projects a 29% increase in gasoline prices from 2007 to 2020 and a 39% increase by 2030. From 2007 levels, the EIA projects electricity 
prices to increase 3% by 2020 and 14% by 2030. See: Energy Information Administration. 2009. Annual	Energy	Outlook	2009	With	Projections	to	2030. 
Available from: http://www.eia.doe.gov/oiaf/aeo/pdf/0383(2009).pdf   
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rEcEnT MarKET DEVElopMEnTs

The U.S. PEV industry has grown from one premium sports car in 2009 to two additional passenger sedans in 2010 and will 
add at least 11 new models over the next two years. Table 1 lists the companies that have announced intentions to produce 
at least one PEV for the U.S. market in the foreseeable future. However, it is important to note that announced production 
plans can change rapidly based on market conditions, and not all product plans are announced well in advance of product 
offerings. 

The PEV industry is comprised of an interesting mix of established and relatively new market players. Interest in PEVs is 
uneven among the top 10 global vehicle manufacturers (see Table 2). Of the top 10, only three firms (Nissan, the French firm 
PSA, and GM) plan to produce more than 10,000 PEVs annually by the end of 2011.59 By way of comparison, new light-duty 
vehicle sales in the United States are projected to be around 12 million in 2011.60 Some start-up firms are striving to move 
faster than many major manufacturers in bringing PEVs to the market while several large, global manufacturers (Toyota, 
Honda, and Volkswagen) have hesitated to offer PEVs and have not yet committed to significant production volumes. 

Toyota and Honda are innovative companies. Indeed, they are pioneers of the conventional HEVs that are gaining market 
share in the United States and globally. Yet both have been cautious about the commercial future of PEVs.

In the public debate about PEVs, Toyota has emphasized that conventional HEVs have more near-term promise than PEVs. 
Only recently did Toyota announce that it would produce a PHEV version of the Prius by 2012.61 Toyota also announced 
plans to develop a BEV, but few specifics have yet been released.62

Similarly, as recently as October 2008, Honda was expressing no public interest in PEVs while expanding investments 
in conventional hybrids, hydrogen-powered fuel cell vehicles, and natural-gas powered vehicles.63 Indeed, Honda’s CEO 
argued publicly in 2007 that PHEVs are too expensive and do not deliver sufficient environmental benefits. Honda shifted 
direction by announcing in 2010 that it would produce both a PHEV and a BEV.64 But Honda emphasized that its offering of 
PEVs is motivated by regulatory considerations, such as compliance with California’s Zero Emission Vehicle program.65

Volkswagen has ambitious plans to quadruple its sales of cars in the United States by 2018, but PEVs were not central to that 
plan until very recently. Its focus seemed to be on advanced diesel engines.66 In fact, the VW Group chairman said in 2009 
that he did not expect PEVs to have a major market share for 15 to 20 years, and VW’s plan was efficiency improvements 
to gasoline and diesel engines.67 Yet VW has also hedged its bets. The company debuted a BEV at the 2009 Frankfurt Auto 
Show and has established 2013 as a date for introduction of this vehicle and several other electric models (see Table 1) into 
select U.S. markets.68

Ford has also announced plans to offer PEVs (e.g., the electric Ford Focus, a PHEV, and an electric version of the Transit 
Connect van) through its global platform for all new vehicles.69 However, this plan for PEVs is a part of a diversified investment 
strategy that includes major improvements to the gasoline engine (Ford’s “EcoBoost” program), more conventional hybrids 
(in addition to the Ford Escape Hybrid SUV), and greater deployment of diesel engines in its strong and diverse pick-up 
truck program. 

Automakers recognize that California’s ZEV program appears to be here to stay. In fact, the ZEV requirements are expected 
to be updated in 2011, with early indications that ZEV compliance credits will be more generous for BEVs than for PHEVs. 
Given this regulatory environment, any high-volume auto company interested in California’s lucrative market is essentially 
required to offer some sort of PEV in the years ahead.70 

Recognizing the difficulty of breaking into the mass retail market for cars, PEV start-ups have sought to find niche markets. 
It may be no accident that the first BEV to hit American roads in the post-1990 period was the Roadster, a luxury sports 
car from Silicon Valley’s Tesla Motors with a high price tag and impressive performance statistics. Tesla’s most prominent 
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Table 1: Plans for PEVs in the U.S. Market
 
    Car Company        PHEV BEV                  Models                    Timeline                 Planned Production Output 

Audi1  Yes Yes e-tron, A1 E-Tron 2012 “Limited”; “Small build”

BMW2 No Yes MINI-E, Active-E, Megacity Megacity: 2013 Unknown
    
    MINI-E and Active-E in pilot lease
    programs currently   

BYD3  Yes Yes E6, S6DM E6: 2012 (pilot testing in L.A.  Unknown
    began in 2010) 

CODA Automotive4  No Yes CODA Sedan 2011 14,000 cars within 12 months of debut

Chrysler-Fiat5  No Yes Fiat 500 2012 Unknown

Daimler6 No Yes Smart ED Fortwo 2012 1,500 globally in 2011, series production  
     in 2012

Fisker Automotive Yes No Karma, Nina Karma: spring 20117   Karma: 15,000 annually9

    Nina: mid-20128  

Ford Yes Yes Focus BEV, Transit Connect Transit Connect Electric: began in Transit Connect Electric: 600-700 annually
   Electric, unnamed PHEV late 201010 beginning  in April 201112

    
    Focus BEV: 2011 Focus BEV: 5,000-10,000 units annually13

    Unnamed PHEV: 201211  

GM14  Yes No Volt In serial production  2011: 10-15,000 units

     2012: up to 60,000 units

1  Williams, S. September 15, 2009. Audi e-tron: An Electric Supercar Concept. Wheels at NYTimes.com. Available from: http://wheels.blogs.nytimes.com/2009/09/15/
audi-e-tron-an-electric-supercar-concept/. 

 AND Garret, J. March 4, 2010. Geneva Auto Show: Audi A1 E-tron. Wheels at NYTimes.com.  Available from: http://wheels.blogs.nytimes.com/2010/03/04/geneva-
auto-show-audi-a1-e-tron/ 

2 Chambers, N. August 23, 2010. A Closer Look at the 2013 BMW Megacity Car. Reuters. Available from: http://www.reuters.com/article/
idUS208735539420100824 

3 Kim, C. January 11, 2011. BYD sees mass U.S. entry in first quarter of 2012 with e6. Reuters. Available from: http://www.reuters.com/article/
idUSTRE70A1EC20110111 

4  January 5, 2011. Electric Car Maker Coda Raises $76M As Competition Rises. Venture Capital Dispatch at WSJ.com. Available from: http://blogs.wsj.com/
venturecapital/2011/01/05/electric-car-maker-coda-raises-76m-as-competition-rises/ 

5  Chang, R.S. March 22, 2010. Chrysler Confirms Electric Fiat 500 for 2012. Wheels at NYTimes.com. Available from: http://wheels.blogs.nytimes.com/2010/03/22/
chrysler-confirms-electric-fiat-500-for-2012/ 

6  “Availability.” Smart USA webpage. Accessed January 15, 2011. Available from: http://www.smartusa.com/electricdrive/ 
7   Voelker, J. December 23, 2010. 2011 Fisker Karma ‘final pricing’ goes up again, to $95,500. Venture Beat for Reuters. Available from: http://www.reuters.com/

article/idUS11026997520101223
8  Squatriglia, C. December 3, 2009. Fisker Automotive Starts Plug-In Production in May. Wired Autopia. http://www.wired.com/autopia/2009/12/fisker-automotive-

starts-production-in-may/ 
9  Motavalli, J. May 4, 2010.  Fisker Karma: Ready to Roll? Wheels at NYTimes.com. Available from: http://wheels.blogs.nytimes.com/2010/05/04/fisker-karma-

ready-to-roll/
10Ford Motor Company. January 13, 2011. New Ford Focus Electric to Offer Convenient Charging Station With Plenty of Consumer Benefits. PR Newswire. Available 

from: http://www.prnewswire.com/news-releases/new-ford-focus-electric-to-offer-convenient-charging-station-with-plenty-of-consumer-benefits-113457789.html
11 Mick, J. September 3, 2010. Ford’s Electric Vision: New Hybrids, 700 Mile Range PHEV By 2012. DailyTech. Available from: http://www.dailytech.com/Fords+Electr

ic+Vision+New+Hybrids+700+MileRange+PHEV+by+2012/article19542.htm 
12Bunkley, N. December 7, 2011. “Ford Starts to Ship an Electric Delivery Van.” The New York Times. Available from: http://www.nytimes.com/2010/12/08/business/

08electric.html?_r=1&hpw 
13Champion, C. September 9, 2009. “Ford Focus Battery Electric Vehicle is Leno Show’s Car of Choice.” Car and Driver. Available from: http://blog.caranddriver.com/

ford-focus-battery-electric-vehicle-bev-is-leno-show%E2%80%99s-car-of-choice/ 
14Doggett, S. October 15, 2010. GM Says Annual Production of Chevy Volt Plug-in Hybrid Could Hit 60,000 by 2012. Green Car Advisor at Edmunds.com. Available 

from: http://blogs.edmunds.com/greencaradvisor/2010/10/gm-says-annual-production-of-chevy-volt-plug-in-hybrid-could-hit-60000-by-2012.html 
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Table 1 (cont’d): Plans for PEVs in the U.S. Market
 
    Car Company        PHEV BEV                  Models                       Timeline                   Planned Production Output 

Honda15  Yes Yes Unknown 2012 Unknown

Mitsubishi Yes Yes iMiEV, PX-MiEV i-MiEV: 201116  Unknown

    PX-MiEV: 201317  

Navistar18  No Yes eStar In serial production Unknown     
          
Nissan19 No Yes LEAF, NV200, Infiniti EV LEAF: In serial production LEAF: 500,000/year globally by 2012
    
Smith Electric20  No Yes Newton In serial production  Capacity of 30 per week as of 2008

Tesla No Yes Roadster, Model S Roadster: in serial production Roadster: 1,200 annually22 
    
    Model S: 201221 Model S: 20,000 annually
     
TH!NK No Yes City EV Current fleet sales underway, retail 300 in U.S. by early 201124

    serial production by summer 201223 

Toyota25 Yes Yes Prius PHEV, Unnamed BEV 2012 Prius PHEV: “tens of thousands” annually
    
Volkswagen26  Yes Yes Golf Twin Drive, Golf blue-e- Golf Twin Drive: Unknown
   motion/E-Up, all-electric Jetta test fleet in 2011
   
    Full production of all 
    planned PEVs: 2013 

ZAP27  No Yes Alias Unknown Unknown, currently taking orders for    
     limited edition version

15LaMonica, M. July 20, 2010. Honda to bring plug-in electric cars to U.S. CNET. Available from: http://news.cnet.com/8301-11128_3-20011116-54.html
16Glucker, J. September 7, 2010. Report: Mitsubishi i-MiEV to be upgraded for the U.S. Autoblog. Available from: http://www.autoblog.com/2010/09/07/report-

mitsubishi-i-miev-to-be-upgraded-in-the-u-s/ 
17Automotive News. September 8, 2010. “Mitsubishi turns focus to small, global cars.” CNET. Available from: http://reviews.cnet.com/8301-13746_7-20015709-

48.html 
18LaMonica, M. May 13, 2010. Navistar eStar delivery trucks get rolling. CNET. Available from: http://news.cnet.com/8301-11128_3-20004935-54.html 
19Ohnsman, A. July 26, 2010. “Nissan Sells 500 Nissan LEAF Electric Vehicles to Enterprise for Rental Fleet Use.” Bloomberg. Available from: http://www.bloomberg.

com/news/2010-07-27/nissan-sells-500-leaf-electric-vehicles-to-enterprise-for-rental-fleet-use.html 
20The Tanfield Group. December 18, 2007. Pre-Close Trading Update. Available from: http://www.smithelectricvehicles.com/newsevents_news.asp?p=n&itemid=189 
21LaMonica, M. May 21, 2010. Tesla CEO: Model S to be ‘platform’ for other cars. CNET. Available from: http://news.cnet.com/8301-11128_3-20005583-54.html 
22Berman, B. March 9, 2010. Tesla Roadster. PlugInCars.com. Available from: http://www.plugincars.com/tesla-roadster/review 
23Motavalli, J. January 13, 2011. Norwegian EV Automaker Starts Production in Indiana. BNET. Available from: http://www.bnet.com/blog/electric-cars/norwegian-ev-

automaker-starts-production-in-indiana/2979
24Gizmag Team. April 6, 2010. New York Chosen for First Wave of THINK Electric Vehicles. Gizmag. Available from: http://www.gizmag.com/think-city-evnew-

york/14727/ 
25Toyota Motor Corporation. August 25, 2010. Summary of Fifth Toyota Environmental Action Plan (FY2011-FY2015). http://www2.toyota.co.jp/en/news/10/08/

0825b.html 
26Yanca, J. May 2010. “Volkswagen Confirms Hybrid Golf, Jetta, and Passat; Electrics to Follow.” Car and Driver. Available from: http://www.caranddriver.com/news/

car/10q2/volkswagen_confirms_hybrid_golf_jetta_and_passat_electrics_to_follow-car_news 
27ZAP. April 29, 2010. Jonway to Manufacture ZAP’s Alias Electric Sports Vehicle in China. PR Newswire. Available from: http://www.prnewswire.com/news-releases/

jonway-to-manufacture-zaps-alias-electric-sports-vehicle-in-china-92404579.html
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competitor is Fisker Automotive, another Silicon Valley 
start-up. Fisker’s first vehicle is the Karma, a PHEV luxury 
sports car with a 50-mile electric range, which is set to launch 
later this year.71 Since the batteries for PEVs are expensive 
but can enhance performance, the sports car market is a 
logical place for start-ups to find interested buyers. 

An alternative niche market is mini-cars that are used 
regularly on trips with short ranges, usually in a planned 
community or city. The neighborhood electric vehicle (NEV) 
is a golf cart-like vehicle popular in many communities of 
senior citizens, which has already proven to be a successful 
niche market for battery-operated vehicles. 

Urban mini-cars are also a key niche market. The Norwegian 
company TH!NK plans to bring its City EV, a two-seat urban 
car, to the New York City market and is already selling 
the vehicles in Norway, Austria, and the Netherlands.72 In 
India, two companies are going head-to-head in the small, 
electric, low-cost car market. Tata has announced plans for 
an electric version of the world’s cheapest car, the Nano, 
while Tara International countered with the Tiny, an electric 
mini-car to be offered for 1 rupee less than the Nano.73 

Another promising application for PEVs is the urban delivery vehicle, a niche market within the large commercial truck and 
van sector. Buyers are spurred by desires to reduce noise and emissions in crowded urban areas and to reduce fuel costs, 
thanks in part to long periods of idle-off operation. Fixed routes and centralized recharging opportunities add to the appeal. 
This market for PEVs is so attractive that some of the PEVs designed for commercial truck use are beating passenger car 
applications to the market. The all-electric version of Ford’s popular Transit Connect van won the 2010 North American 
Truck of the Year Award.74 Smith Electric has been producing large electric vans for delivery purposes since 2009 and has 
sold them to large fleet buyers like Frito-Lay, which plans to have 170 electric trucks in its fleet by 2011.75 Navistar’s eStar 
is being used in Federal Express fleets.76 Phoenix Motorcars has developed an all-wheel drive electric pick-up truck for fleet 
applications.77 

Not all new market participants are sticking to niche applications of PEVs. BYD, a Chinese battery manufacturer, has 
entered the auto manufacturing world with an ambitious plan to compete directly with the offerings of GM and Nissan. 
BYD has some financial investment from Warren Buffet, as well as its own new battery chemistry—the Fe battery—that 
extends the car’s range and allows a smaller battery to power a larger car.78 BYD began production of the world’s first 
mass-produced PHEV, the F3DM, in December 2008, only five years after entering the auto business.79 BYD also has an 
all-electric model, the E6, which it plans to start selling in the United States in 2012, to be followed by a PHEV SUV called 
the S6DM. 80 However, the company has earned a reputation for setting ambitious goals that it is not always able to meet. 
Meanwhile, three-year-old start-up Coda Automotive is bringing an all-electric sedan to the U.S. market starting in 2011 on 
the heels of the rollout of the Nissan LEAF.81 The car has a higher price tag than the LEAF, but Coda claims it has a longer 
and more reliable range.82 

Forecasting future sales of PEVs is a guessing game. While sales are expected to grow rapidly over the next five years 
(domestically and globally), most global forecasts suggest limited production volume over the next two decades (see Table 
3). Since the PEV sales growth curve will likely have a high upward slope through at least 2015, the number of PEVs on 
the road in 2015 will be primarily determined by the last two years of production. It does not appear that one million PEVs 

Table 2: OICA 2009 World Ranking of Manufacturers* 

    Rank   Manufacturer                             Vehicles Produced

 1  Toyota 7,234,439

 2 GM 6,459,053

 3  Volkswagen 6,067,208

 4  Ford 4,685,394

 5  Hyundai 4,645,776

 6  PSA 3,042,311

 7  Honda 3,012,637

 8  Nissan 2,744,562

 9  Fiat 2,460,222

 10  Suzuki 2,387,537

 11 Renault 2,296,009

 12 Daimler 1,447,953

 13 Chana Automobile 1,425,777

 14 BMW 1,258,417

 15 Mazda 984,520

*World Ranking of Manufacturers Year 2009. Organisation Internationale 
des Constructeurs d’Automobiles (International Organization of Motor Vehicle 
Manufacturers). Available from: http://oica.net/wp-content/uploads/ranking-
2009.pdf
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Nissan LEAF  

Type of PEV:  BEV
Advertised all-electric range:  100 miles
EPA rating of all-electric range: 73 miles1

Price (before any tax credits):  $32,780, for LEAF SV
  $33,720 for LEAF SL
Lease Price (36 months, accounts 
     for federal tax credit of $7,500):  $349/month for LEAF SV
 $379/month for LEAF SL
Seats: 5
Doors: 5
Top Speed: 90 mph
0-60 mph Time:  Under 10 seconds2

Total Battery Capacity: 24kWh lithium-ion
Annual Production: 500,000 global production by 20123

Battery Warranty: 8 years/100,000 miles

©Nissan

Chevrolet Volt

Type of PEV:  PHEV
Advertised all-electric range:  35 miles
EPA rating of all-electric range:  35 miles4

Price (before any tax credits):  $41,000
Lease Price (36 months, accounts 
     for federal tax credit of $7,500): $350/month
Seats: 4
Doors: 5
Top Speed: 100 mph5

Time from 0-60 mph: 8-9 seconds6

Total Battery Capacity: 16kWh lithium-ion
Annual Production: 10-15,000 in 2011; 60,000 by 20127

Battery Warranty:  8 years/100,000 miles

Source: All details are from manufacturer Web sites as of January 15, 2011 unless otherwise noted.

1 Chappell, L. November 22, 2010. EPA rates the Nissan Leaf at 99 mpg and reduces range estimate. Automotive News at Autoweek. Available from: http://www.
autoweek.com/article/20101122/GREEN/101129960 

2 Lavric, D. July 27, 2010. First Drive: 2011 Nissan Leaf doesn‘t change the game, just the players. Autoblog. Available from: http://www.autoblog.
com/2010/07/27/2011-nissan-leaf-first-drive-road-test-review/ 

3 Ohnsman, A. July 26, 2010. Nissan Sells 500 Nissan LEAF Electric Vehicles to Enterprise for Rental Fleet Use. Bloomberg. Available from: http://www.bloomberg.
com/news/2010-07-27/nissan-sells-500-leaf-electric-vehicles-to-enterprise-for-rental-fleet-use.html 

4 Kranz, R. November 24, 2010. EPA rates Volt‚ ‘all-electric’ mpg at 93, range at 35 miles. Automotive News at Autoweek. Available from: http://www.autoweek.
com/article/20101124/GREEN/101129933 

5 “2011 Chevrolet Volt.” U.S. News and World Report. Last updated January 1, 2011. Available from: http://usnews.rankingsandreviews.com/cars-trucks/Chevrolet_
Volt/ 

6 AutoblogGreen Staff. August 24, 2010. Video: Translogic tests Chevy Volt, reveals Mountain Mode and 0-60 time. AutoblogGreen. Availabe from: http://green.
autoblog.com/2010/08/24/video-translogic-tests-chevy-volt-reveals-mountain-mode-and-0/ 

7 Doggett, S. October 15, 2010. GM Says Annual Production of Chevy Volt Plug-in Hybrid Could Hit 60,000 by 2012. Green Car Advisor at Edmunds.com. Available 
from: http://blogs.edmunds.com/greencaradvisor/2010/10/gm-says-annual-production-of-chevy-volt-plug-in-hybrid-could-hit-60000-by-2012.html

©GMCorps

will be sold in the United States by 2015 given current production plans and the available forecasts, but the goal could be 
surpassed within a few years thereafter. 

In summary, the PEV industry is developing in what may seem to be an uneven and unusual way, with commercial vehicles, 
mini-cars, and luxury sports models coming into production before the technology is aimed at the mainstream consumer. 
Such a beginning should be expected given the realities of the auto industry and characteristics of PEVs. Therefore, after a 
summary of the findings from this section, this report turns to an exploration of the demand-side and supply-side issues that 
complicate the future of the PEV industry. 
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Table 3.  Select Global and U.S. PEV Forecasts 

Goldman Sachs1  
(July 2010) PEVs will be about 4% of global light-duty vehicle sales by 2020.
  • PHEVs: 10,000 units (2010) to 2 million (2020)
  • BEVs: 20,000 units (2010) to 1.7 million (2020)

Pike Research2  
(September 2010) PEV sales totaling 3.2 million vehicles worldwide between 2010 and 2015 and a compound annual growth rate of 106%.
  • China: 888,000 PEVs sold by 2015 (27% of global market), by far largest BEV market
  • U.S.: 841,000 PEVs sold by 2015 (26%), by far largest PHEV market
 Over one million PEVs sold in 2015 alone (44% PHEVs). 

Strategy Analytics3 
(March 2009) BEV demand will grow but remain less than 500,000 units a year by 2015 (without business model or technology breakthroughs).

Global Insight4 
(January 2010) PEVs will comprise nearly 20% of global light duty vehicles in 2030.
  • 8.6% market share for PHEVs
  • 9.9% market share for BEVs

PricewaterhouseCoopers5 
(October 2009) In 2015, PEVs constitute 0.65% of global light vehicle assembly.
  • Over 500,000 PEVs produced
  • 100,000-200,000 PHEVs
  • 300,000-400,000 BEVs

J.D. Power and Associates6 
(October 2010)  1.3 million global BEV sales in 2020
  • 742,000 in Europe
  • 332,000 in China
  • U.S. and Japan each about 100,000

1  The Goldman Sachs Group, Inc., July 27, 2010. Americas: Clean Energy: Energy Storage.
2  Pike Research, September 2010. Plug-In Electric Vehicles. 
3 Strategy Analytics, March 2009. Battery Electric Vehicles: Will New Activity Drive Market Out Of Niche?
4 IHS Global Insight Group, January 2010. Battery Electric and Plug-in Hybrid Vehicles: The Definitive Assessment of the Business Case. Available from: http://www.

inrets.fr/fileadmin/recherche/transversal/pfi/PFI_VE/pdf/ElectricVehicleWhitePaper.pdf 
5  PriceWaterhouseCoopers, October 2009. Adopting electric vehicles: The role of technology and investment. Available from: http://www.pwc.com/ar/es/publicaciones-

por-industria/assets/adopting-electric-vehicles.pdf 
6 J.D. Power and Associates, October 2010. Drive Green 2020: More Hope Than Reality.

findings

Virtually all major vehicle manufacturers and several start-up companies are offering—or are planning to offer soon—a 
PEV for sale in the U.S. market. PEV offerings have also been announced throughout Europe and Asia. While U.S. 
automakers are working on PEVs, the U.S. electric vehicle industry lags behind other regions—particularly Asia—in the 
areas of battery manufacturing, supply chain development, and raw materials production. PEVs may never dominate the 
mass vehicle market, but it is possible—some experts say likely—that they will capture a significant share (5-15%) of the 
market over the next 15 to 20 years. 

*When the U.S. government established the goal of putting one million PEVs on the road by 2015, the future of the 
technology and the financial capability of the U.S. auto industry were uncertain. The production intentions of automakers 
are currently insufficient to meet the 2015 goal, and even the current plans for production volume may not be met.	
Automakers	could	ramp	up	PEV	production	if	consumer	demand	proves	to	be	larger	than	expected.	However,	consumer	
demand	for	PEVs	is	quite	uncertain	and,	barring	another	global	spike	in	oil	prices,	may	be	limited	to	a	minor	percentage	

*The portions of this finding in bold are supported by the preceding text, while the content of those portions not in bold will be addressed in subsequent 
sections. 
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of new vehicle purchasers (e.g., early technology adopters and relatively affluent urban consumers interested in a “green” 
commuter	car).	

Demand-side concerns

Although buying a PEV can reduce or eliminate the expense of gasoline, protect the environment, and enhance our national 
energy security, there are considerable demand-side concerns about the future of PEVs. Buying a new vehicle is a complex, 
important, and subjective decision, and consumers differ considerably in their reasons for purchasing a new vehicle and 
what they expect—and fear—about new vehicles. Thus, in order to appreciate the challenge proponents of PEVs face in 
generating a robust market, it is necessary to grapple with the diverse needs, perceptions, and preferences of all types of 
retail car purchasers.   

Early	Adopters

Early adopters of PEVs are those consumers for whom concern for the environment and/or enthusiasm for new technology 
outweigh the risks, inconveniences, costs, and uncertainty of owning a car powered by emerging technologies. The size of 
the early adopter population is much debated, and it remains to be seen how large it will be for PEVs.

Even without a complete resolution of many of the BEV-related challenges of recharging infrastructure, battery reliability, 
and uncertain resale value, Nissan received 20,000 pre-orders for the LEAF in the United States by September 2010 and 
had to stop taking orders.83 Given the enthusiasm among early adopters, selling the 10,000 Chevrolet Volts planned for 2011 
does not appear to be difficult either.84 

Although these numbers are impressive, these indicators do not demonstrate that PEVs can achieve mass commercialization, 
as one cannot assume that the sales will continue at the same rate once the early adopter market is exhausted. The initial 
LEAF and Volt owners are likely to be classic early adopters, and it would be insightful to compare their characteristics 
to the initial buyers of the Toyota Prius in the 2000–02 period. In addition, commercial prospects for the Volt have been 
hampered by the CARB ruling that the Volt was not sufficiently environmentally friendly to warrant single-occupancy 
access to HOV lanes, and by some reviewers using the word “pricey” (even after federal tax credits) to describe the Volt.85

Fleet	Buyers

A promising early market for PEVs is corporate and government fleets where a fleet manager is responsible for tracking fuel 
and other maintenance expenses. If fuel savings can pay for the extra cost of the PEV, these finance-oriented fleet managers 
may be readily persuaded.86 A fleet buyer may be particularly intrigued about PEVs if the vehicles can be recharged at 
central locations and if short and predictable routes do not exceed the electric range of the battery pack. Alternatively, 
corporate and government buyers of fleets may wish to cultivate a reputation for “green” purchasing behavior, even if the 
financial case for PEVs is not strong. Thus, commercial success in fleet markets is an important strategy for helping an 
emerging technology bridge the gap between early adopters and mass retail customers.87 The promise for electrification of 
corporate fleets was recently demonstrated by General Electic Corporation’s November 2010 announcement of its plans to 
buy 25,000 PEVs for its fleet by 2015.88 

Mainstream	Consumers

From the perspective of the ordinary car purchaser, the PEVs to be offered over the next several years are likely to be 
perceived as expensive, risky investments that could cause unexpected inconveniences. In other words, it may not be very 
easy for dealers to sell PEVs in high volume to average retail customers.89 
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The following sections describe the various hurdles to mainstream consumer acceptance.

Sensitivity	to	Vehicle	Price

Consumers shop for many items on a regular basis, and they know that it often pays to compare the prices of seemingly 
similar items. Cars are no different. All else being equal, if car A is priced at $28,000 while car B is priced at $25,000, many 
(but not all) consumers will find a reason not to spend the extra $3,000. There are ample indications of this price sensitivity: 
the frequency of customer bargaining with dealers, the array of complicated discounts and incentives aimed at persuading 
buyers that the negotiated price is reasonable, and the elaborate financing schemes—including leasing deals—designed to 
persuade consumers that a car is affordable. 

There is already a well-known consumer resistance to paying $3,000–$5,000 extra for an advanced propulsion system such 
as a conventional HEV or a diesel engine. Yet proponents of PEVs are asking consumers to contemplate an even larger up-
front investment. Given the current cost of producing lithium-ion batteries, the premium for a PEV—especially a BEV—
may be in the range of $10,000–$20,000, depending on the vehicle.* Production costs for PEVs may decline substantially 
in the years ahead due to economies of scale. But, today, the large cost premium of PEVs, if passed on to the consumer, will 
be resisted by many buyers. 

Given this price sensitivity, it should not be surprising that producers of PEVs—following the experience of conventional 
HEVs—will find their initial marketing successes among relatively high-income and/or wealthy individuals. Once this 
relatively small pool of wealthy buyers is exhausted, the PEV producers will confront the reality of the cost-conscious retail 
car buyer.

Insensitivity	to	Fuel	Savings

Although consumers certainly dislike high fuel prices, anticipated prices may not be high enough to induce purchase of a 
new PEV based on the potential savings in fuel costs. There are many schools of thought regarding drivers’ reactions to fuel 
prices and possible fuel savings.

One view argues that consumer reactions to high fuel prices are not limited to purchasing a new vehicle. Possible consumer 
responses include reducing discretionary miles of travel; shifting trips from car to another mode (e.g., bus or subway); 
relocation of work, home, and other activities (to reduce expense of transport); or the most common response, which is 
simply spending more to maintain existing behavior.90 

An alternative view is that consumers undervalue the financial benefits of fuel economy compared to what will really happen 
because consumers have a short time horizon and they may perceive the future benefits to be quite uncertain.91 The short 
time horizon, which may be three or four years (rather than the 10–15 year vehicle lifetime), is partly because new vehicles 
are typically re-sold after three or four years of ownership, and consumers may fear that fuel economy will not command 
a premium price in the used car market. Consumers may also lack the skills to perform the present-value calculations that 
supports the investment in fuel economy (Table 4). Even if a consumer appropriately values fuel economy savings, the 
benefits of these savings will likely be weighed against the consumer’s preference for fuel-consuming features such as 
horsepower, vehicle size, and safety.92

 
The consumer also faces uncertainty in knowing how much money from fuel savings will result from buying a PEV. Future 
fuel prices, electricity prices, and utility rates are an unknown, and fuel prices have proven to be especially volatile. How 
a vehicle is driven influences its mileage. Some vehicles don’t achieve the mileage in real-world driving that is suggested 

*Further discussion of battery costs in the following section, “Supply-Side Concerns,” see pp. 36-37. 
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by official government mileage ratings. In contrast to these unknowns, the upfront price of a PEV can be known with 
precision. 

Regardless of the precise explanation, consumer insensitivity to fuel prices adversely affects commercial prospects for 
PEVs, which are emblematic of higher vehicle costs in exchange for lower fuel expenditures. Thus, even if the price of fuel 
rose significantly due to market forces or higher gasoline taxes, the resulting boost in PEV sales may not be as large as some 
models might predict. 

Limited	Driving	Range

One of the reasons that BEVs failed to survive the market test in the past is that many potential consumers experienced some 
degree of “range anxiety.” The nightmare of an exhausted battery and no nearby recharging station is readily compared to 
the convenience of today’s gasoline refueling stations. A workable recharging arrangement is far more critical for BEVs 
than for PHEVs (since BEVs have no back-up gasoline engine) but all PEVs need to have a convenient, inexpensive way 
for batteries to be recharged (or replaced). 

Pilot testing suggests that range anxiety can be addressed. In BMW’s 2009–11 trial of the all-electric MINI-E, 450 motivated 
“pioneers” in Los Angeles, New York, and New Jersey leased the vehicle for $850 per month.93 This rate is more than triple 
the lease rate for a base model MINI Cooper, but it included a 220-volt home charger—plus coverage of insurance and 
maintenance—that accomplished full recharging in three to four hours.94 These users indicated that the vehicle’s 100-mile 
range was adequate to meet their needs, but they preferred home recharging over recharging arrangements at work or in the 

Table 4.  Payback Period for HEV Premium by Gasoline Price and Miles Driven per Year*

12% Discount Rate   
   
           Miles driven per year                     Cost per gallon gasoline                    Fuel savings per year                        Payback period (years)

 10000 $2.50  $375  29
 12000 $2.50  $450  15
 15000 $2.50  $563  10
 20000 $2.50  $750  6
     
           Miles driven per year                     Cost per gallon gasoline                    Fuel savings per year                        Payback period (years)

 10000 $3.00  $450  15
 12000 $3.00  $540  10
 15000 $3.00  $675  7
 20000 $3.00  $900  5
  
6% Discount Rate 
   
           Miles driven per year                     Cost per gallon gasoline                    Fuel savings per year                        Payback period (years)

 10000 $2.50  $375  12
 12000 $2.50  $450  9
 15000 $2.50  $563  7
 20000 $2.50  $750  5
     
           Miles driven per year                     Cost per gallon gasoline                    Fuel savings per year                        Payback period (years)

 10000 $3.00  $450  9
 12000 $3.00  $540  7
 15000 $3.00  $675  6
 20000 $3.00  $900 4

*Assumptions: HEV compared to conventional vehicle has 15 mpg increase and $3000 incremental vehicle cost.
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community.95 The reported negatives were the lack of a rear seat and a lack of trunk space, attributes that are salient in the 
highly competitive new-car market.96 

Range anxiety may be exacerbated if PEVs do not achieve the range that manufacturers claim at the point of sale. Many 
manufacturers use EPA Federal Test Procedure results as the advertised range of the vehicle, but, in practice, these vehicles 
are not likely to achieve the range that was possible under test conditions. During the test procedure, batteries begin at their 
maximum charge and are run until the car stops.97 This driving pattern is neither good for the battery nor how a driver is 
likely to operate his or her vehicle.98 Some speculate that a realistic average range for a PEV is approximately 70% of the 
range on the EPA test procedure.99 EPA has recently released all-electric range estimates for the Nissan LEAF (73 miles) 
and the Chevrolet Volt (35 miles) that are lower than the previously released results, apparently better reflecting real-world 
driving outcomes.100

Inconvenience	and	Cost	of	Recharging

Most utilities and automakers agree that the primary focus for PEV recharging should be at residences with workplace 
recharging a second priority and community recharging only deployed where it is likely to be widely used. This model of 
recharging is a practical reflection of where vehicles are most often parked during the 24-hour day. 

In order to recharge their vehicle at home, consumers will need to have sufficient breaking capacity (the highest level 
of electrical current a fuse can accept without breaking), an electrical connection in the garage, and a charger with the 
appropriate voltage (see Table 5). Two levels of recharging are currently standardized in the United States with a third high-
speed standard under consideration. Level 1 recharging is 120 VAC, up to 15 amps and 1.8 kW power level, which is similar 
to many home appliances today.101 Level 1 recharging is appropriate for PHEVs, though it may take 8–20 hours to fully 
charge the vehicle at that level. Level 2 recharging is a 240 VAC standard, up to 80 amp and 19kW, which will fully charge 
a PEV in three to eight hours.102 Some proponents of PHEVs hope that owners will be satisfied with Level 1 recharging, but 
PHEV owners may insist on Level 2 recharging (or better).

The costs of residential recharging systems vary depending on availability of sufficient breaking capacity in the home, 
distance from the meter to the vehicle, the speed of recharging required, and the availability of a garage or carport. Costs 
range from around $1,500 to $2,500 for a residential installation of Level 2 recharging.103 

A key question becomes who will incur the cost of recharging. Once a retail consumer realizes that they may have to pay 
approximately $2,000 for home-charging capability in addition to a $10,000 premium for the vehicle (relative to a non-
PEV of similar size), enthusiasm for the PEV purchase may wane. Used vehicle purchasers must also make this $2,000 
investment, a reality that will depress resale values. Federal tax credits to offset the costs of recharging infrastructure were 
available for up to $2,000 for residences in 2010. Congress recently renewed these credits for 2011 but lowered them to 

Table 5: Types of Recharging Infrastructure   
 

                                      Time to Charge                         Available for
                 Level                                      Volts/Amps                           Electricity Delivered                    24kWh Battery to 80%                   At-Home Charging?

 Level 1 120/15 ~1.8 kW 20 hours Yes

 Level 2 240/80 Up to 19.2 kW 7 hours Yes

 DC-DC 480 50 kW 30 minutes No

*Sources for this table include: Answers: Charging. Nissanusa.com. Accessed January 15, 2010. Available from: http://www.nissanusa.com/leaf-electric-car/faq/
list/charging#/leaf-electric-car/faq/list/charging 
AND Charging Equipment for Plug-in Hybrid and All-Electric Vehicles. Alternative Fuels Data Center, Department of Energy. Last updated Sept 8, 2010. Available from: 
http://www.afdc.energy.gov/afdc/vehicles/electric_charging_equipment.html
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the pre-2010 level of $1,000. Even if the credits are again renewed temporarily, they are unlikely to last beyond the “early 
adopter” phase of commercialization. 

Nor will a $2,000 investment be sufficient for many retail car buyers. Not everyone has a garage or parking place with ready 
access to an outlet suitable for recharging. In fact, many consumers that might otherwise find the LEAF appealing—urban 
dwellers with short commutes—are likely to lack recharging access at their home. 

The communities that were included in Nissan’s 2009 plans for the LEAF roll-out104 vary widely in their likelihood of having 
the potential for home recharging. Only 11.9% of housing structures in Boston are single-family detached homes, while 
Sonoma County has 68.8% of its housing as single-family detached homes (see Figure 2).105 All LEAF roll-out communities 
except Sonoma County have a lower percentage of single-family detached homes than the national average of 64%. A higher 
percentage of one-unit detached homes indicates, unsurprisingly, a higher percentage of garages or carports: 82% of single-
family homes have garages or carports, compared with about 25% for structures with 10–49 housing units (i.e., apartment 
complexes). For retail car buyers who share a parking area with other owners or renters, the prospect of having to negotiate 
a special parking place for their PEV will further dampen enthusiasm for a PEV purchase. 

Instead of leaving home recharging responsibilities for car buyers to arrange, alternative business models for public 
recharging have been suggested. Two competing models are the battery-switching approach and quick-charging kiosks that 
leave batteries in place. 

In the battery-switch model, the owner of a PEV would not own the battery needed to run the car. Instead, the consumer would 
sign up for a battery-switching plan at the time he purchased the vehicle and would be billed for the ability to replace the 
depleted battery at nearby stations.106 Better Place, the most prominent company in the battery-switching arena, is working with 
several countries (e.g., Israel and Denmark) to establish networks of switching stations and recently signed an agreement to 
bring an electric taxi program to the San Francisco Bay Area.107 This business model improves the speed of a non-residential 

recharge, reduces the consumer’s 
financial risk of owning an expensive 
battery pack, and eliminates consumer 
anxiety surrounding resale of the 
battery. From a load-management 
perspective, it may be easier for power 
companies to persuade a limited 
number of businesses to recharge their 
inventory of batteries in off-peak hours 
than to persuade individual motorists to 
behave responsibly. 
 
Although it is an intriguing idea, the 
business model for battery-switching 
faces formidable obstacles. These new 
businesses would have very high capital 
costs (for inventory) and would require 
all automakers to constrain the design 
of their PEVs to facilitate easy removal 
and replacement of the battery pack.108 
If new battery chemistries emerge, the 
businesses would have to stock many 
types of batteries, which would add to 
the already-high capital costs. 

Figure 2: LEAF Roll-Out Cities Percentage of Detached Housing Units

Boston 11.9%
Washington, DC 12.7%
San Francisco 16.9%
Bridgeport 25.2%
Orlando 36.4%
Los Angeles 39.8%
Dallas 45.6%
Houston 45.8%
San Diego 45.8%
Austin 47.4%
Seattle 47.5%
Raleigh 47.8%
Denver 48.8%
Tucson 51.8%
Nashville 54.8%
Sacramento 58.7%
Portland 59.7%
Phoenix 60.5%
Indianapolis 60.9%
Sonoma County 68.8%

0-20%60% and up

20-40%
50-60%

40-50%

Data adapted from the U.S. Census’ 2006-2008 American Community Survey 3-Year Estimates. Bridgeport, 
Denver, Dallas, Nashville, Raleigh, and Porltand are cities chosen as examples within the following larger 
areas that Nissan identified as a roll-out target: CT/NE Utilities, Colorado, Dallas/Ft. Worth, TN/TVA/ORNL, 
Progress Energy/Advanced Energy, and Oregon/PGE. Note that data are for city limits; the surrounding 
metropolitan areas were not included.
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The quick-charge model would leave battery ownership in the hands of car owners and allow them to recharge in a short 
period of time while away from home. A proposed system from AeroVironment, Inc. utilizes kiosks that look similar to 
gasoline pumps but instead deliver a charge of 125-250 kW.109 The company claims these stations can recharge a vehicle 
battery in minutes.110 Alternatively, motorists might recharge at kiosks strategically placed at desirable locations, such as 
shopping malls. Community recharging can also be used to “top off” the vehicle battery rather than as a source for a full 
charge after a battery is depleted.111 

There are also drawbacks to this approach. There may be a tradeoff between the speed of the charge provided on a regular 
basis and the lifespan of the battery.112 State public utility commissions and other regulatory bodies need to resolve how 
to regulate community recharging stations.113 Quick-charging stations will be very expensive ($110,000–$160,000 per 
station),114 and businesses investing in these stations would likely pass these costs on to consumers. Gasoline stations are 
poor locations for quick-charging because motorists do not want to spend time there. Alternatively, quick-charging kiosks 
may be installed at designated recharging facilities or dual-purpose locations such as parking garages near shopping malls, 
either for a fee or as a free amenity to attract customers. 

Some recharging points may be publicly provided. The state of Washington has passed legislation requiring the installation of 
recharging points at all rest stops and state parking facilities by 2015.* While most currently installed community recharging 
stations are Level 2 chargers, DC fast chargers are beginning to crop up. The town of Vacaville, Calif., recently became 
the first city in the United States to install a DC fast charger.115 With U.S. Department of Energy (DOE) funding, Ecotality 
and Nissan are partnering to bring 10,950 Level 2 chargers and 260 DC fast chargers to Arizona, Tennessee, California, 
Oregon, and Washington.116 While some early governmental investments in recharging infrastructure may be appropriate in 
demonstration communities, the PEV industry cannot thrive without a viable, private-sector model for recharging. 

In summary, a fundamental challenge for the future of the PEV industry is to overcome “range anxiety” on the part of potential 
PEV purchasers. For all PEV purchasers, the knowledge that public recharging is available may decrease this anxiety even 
if their use of public recharging is minimal. For PHEVs, the primary challenge is to accomplish home recharging at minor 
expense, at least for those who have a garage or a parking spot near an appropriate outlet. Some PHEV owners may also 
want recharging available at work and in some public places. For BEVs, the need for recharging in the community and on 
highways—preferably fast charging—is essential for mass commercialization. As of late 2009, there were fewer than 1,000 
recharging stations in the United States.117 By way of comparison, there are 170,000 gasoline refueling stations. A viable 
business model for recharging is not yet apparent.118

Ease	of	PEV	Purchase	and	Prompt	Use

When consumers buy or lease a new car, they want to use it promptly. BMW’s experience with the pilot test of the MINI-E 
revealed that many communities are ill-prepared to facilitate purchase and use of PEVs. Before any lessee could drive the 
MINI-E, the 220-volt charger had to be installed in his or her garage.119 That installation requires a site inspection of the 
lessee’s home with a vendor and a subcontractor to handle the new fuse box panel. About a quarter of the home installations 
ran into unexpected costs for upgrades. Those in condominiums or apartments often needed to renegotiate new parking 
places to make sure the electric meter was close enough to the lessee’s assigned space. 

BMW projected charger installation within 30 days of the car’s delivery date.120 While it took only a few days in California, 
it could take as many as three weeks in some areas to obtain the official approvals and the needed electrical hookups.121 
Other automakers’ experiences indicate similar problems nationwide: Until Nissan began working with city officials in 
Raleigh, N.C., it could take a week to get a permit and another week for an inspection and installation.122 All of these issues 
are resolvable, but PEV sales to consumers will be slow until they are resolved. 

*Washington	Incentives	and	Laws, Alternative Fuels and Advanced Vehicles Data Center. Department of Energy. Last updated March 2010. Available 
from: http://www.afdc.energy.gov/afdc/laws/state_summary/WA  
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Perceived	Reliability/Durability

When the Prius and Insight were first introduced, one of the barriers to sales was a perception that the batteries in these 
conventional hybrids would lack reliability and durability. In fact, the nickel batteries used in conventional hybrid vehicles 
have a strong record of reliability, but it has taken years for this record to build confidence in the car-buying public. Some 
surveys continue to show that hybrids trail conventional vehicles in perceived reliability. 

PEVs will confront a similar challenge, and the necessary shift from nickel to lithium-ion batteries for PEVs means that the 
reassuring experience with the Prius is not necessarily applicable to PEVs. For example, when Toyota offers the plug-in 
version of the Prius and shifts from nickel to lithium-ion batteries, customer confidence in lithium-ion batteries will have to 
be reestablished.

A closely related concern is that consumers want a vehicle that can be serviced promptly, competently, and inexpensively. 
Yet many car repair shops and dealers have no experience with PEVs, and it is not yet clear how quickly they will learn new 
tricks of the trade. Many consumers think carefully about servicing issues before they purchase or lease a vehicle.

Consequently, Nissan, the largest vehicle manufacturer with a big stake in the future of BEVs, is now undertaking a major 
effort to train its service personnel at Nissan dealerships, making sure they are ready for the unique service demands that 
will accompany the rollout of the LEAF.123 In 2010, Nissan began bringing each of its 1,000 dealers through a four-day 
LEAF training session at its new center outside San Francisco. The LEAF’s battery module—a large, flat component that 
weighs 600 pounds—is composed of 48 modules, and each one may need to be serviced. Dealers must have a forklift on 
their premises to move the batteries around as well as insulated hand tools for electrical safety. 

Competition	from	Alternative	Technologies

While PEVs are a prominent innovation, consumers interested in using less petroleum to drive will have a variety of 
technologies to choose from in the years to come (see Table 6). New competing technologies are also making some progress 
in bringing down costs, thereby reducing their own barriers to commercialization. Refinements to gasoline and diesel 
engines, including conventional hybrid-electric systems, are improving their fuel efficiency. As a result, the requirements 
for any PEV to enter the market are continuously becoming more demanding.124

Perceived	Resale	Value

One of the considerations involved in a new vehicle purchase decision is the buyer’s estimation of the car’s resale value. 
PEVs are perceived as a brand-new technology, so their resale value has not yet been tested. Additionally, unless a quick-
charging station is nearby, used-car buyers would need to have recharging infrastructure installed in their home and may 
be unable to use a tax credit to subsidize this expense. Used-car buyers are also likely to be concerned about purchasing an 
expensive battery that has already deteriorated 
somewhat and may need to be replaced. Any 
of these factors that suppress demand for 
PEVs in the used-car market will become 
known in the new-car market, giving new-
car buyers more reason to be cautious about 
paying a premium price for a PEV.

If early experience with PEVs is positive and 
if another global spike in oil prices pushes fuel 
prices over $4 per gallon, the value of PEVs 
in the used-car market could grow rapidly. 

Table 6: Developmental Stages of Various Engine Technologies

                       Technology                              Development Stage

Internal Combustion Engine Vehicles Mature

Conventional Hybrid Electric Vehicles Approaching maturity

Hydrogen Fuel Cell Vehicles Demonstration phase

E85* Vehicles Mature, except for cellulosic ethanol

Compressed Natural Gas Vehicles Early adopter phase

Liquified Natural Gas Vehicles Early adopter phase

*A blend of 85% ethanol and 15% gasoline.
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This was the experience with conventional HEVs such as the Prius. Their resale value has fluctuated considerably based on 
overall market conditions.125 
 
Safety

Lithium-ion batteries are associated with potential safety risks: They can potentially dispense the energy they store too 
rapidly, which has resulted in a few incidents of consumer electronics spontaneously bursting into flames.126 If real-world 
safety problems surface with the first generation of PEVs, the resulting negative impact on the technology’s reputation 
could be severe. One of the reasons that Toyota has delayed the company’s transition from nickel to lithium-ion batteries is 
a concern that lithium-ion batteries will have safety problems under unusual yet plausible conditions of use.127 

The damage that safety troubles inflict on an automaker’s (or supplier’s) reputation was demonstrated in early 2010 
when Toyota issued a widespread recall due to (allegedly) faulty gas pedals. Toyota quickly lost its top rank for both 
consumer loyalty and perceived quality among survey respondents.128 Sales declined 9% during the month of the recall, 
while competitors Ford and GM saw their sales jump 43% and 12%, respectively.129 And Toyota has incurred some lasting 
reputational damage from the incident, even though the recent investigations by federal agencies found no design defect and 
instead suggested that the incidents were caused primarily by misuse of the pedal by drivers.130 

findings

*When	the	U.S.	government	established	the	goal	of	putting	one	million	PEVs	on	the	road	by	2015,	the	future	of	the	technology	
and the financial capability of the U.S. auto industry were uncertain. The production intentions of automakers are currently 
insufficient to meet the 2015 goal, and even the current plans for production volume may not be met. Automakers could 
ramp up PEV production if consumer demand proves to be larger than expected. However, consumer demand for PEVs 
is quite uncertain and, barring another global spike in oil prices, may be limited to a minor percentage of new vehicle 
purchasers (e.g., early technology adopters and relatively affluent urban consumers interested in a “green” commuter 
car).	

Four market factors, each of which can be influenced by public policy, present the greatest potential for altering the 
competitive position of PEVs in the vehicle market: (1) energy prices; (2) battery characteristics (safety, reliability, 
and production costs); (3) the availability of convenient and affordable recharging infrastructure; and (4) the pace 
of progress with PEVs compared to competing technologies, such as refinements to the internal combustion engine, 
conventional hybrids, advanced biofuels, natural gas vehicles, and fuel cell vehicles. 

One key reason that mass commercialization of PEVs may proceed slowly over the next decade is that mainstream retail 
purchasers of new vehicles differ from the relatively small number of enthusiastic “early adopters.” Mainstream car 
buyers are careful about investing in new technologies that are not fully understood. There are a variety of uncertainties 
about exactly how much money will be saved by PEVs (savings depend on uncertain forecasts of fuel and electricity 
prices), how reliable and safe the batteries will be, how convenient and costly it will be to recharge a PEV, how easy it will 
be to have the vehicle serviced, and how difficult it will be to resell the vehicle. Although proponents of PEVs are making 
progress in resolving these uncertainties, consumers will ask many questions before purchasing a PEV and will wait to 
hear from others who choose to experiment with a PEV.

Initial consumer experiences with PEVs—their real-world driving range, cost, safety, reliability, and ease of recharging 
and resale—will exert a significant influence over mainstream consumers’ perceptions of PEVs. If customer expectations 
are inflated (by automakers, dealers, power companies, environmental groups and/or government officials) relative to 

*The portions of this finding in bold are supported by the preceding text, while the content of those portions not in bold were addressed in subsequent 
sections. 

A Practical Plan for Progress     35



what is actually experienced, the reputational damage to the technology could be significant and possibly irreparable. 
News stories are already describing the “hype” associated with the campaign for PEVs.

Both PHEVs and BEVs are designed with the intention of using residential recharging as the primary refueling method, 
but BEVs also depend on the emergence of some recharging stations in the community. The obstacles to residential 
recharging are less challenging than community recharging, but more imperative to overcome. The biggest barriers to 
residential recharging are faced by those consumers who would otherwise find PEVs most attractive: urban dwellers 
with short commutes who often lack garages or convenient access to an electrical outlet. Additionally, most municipal 
regulations and permitting processes are not yet designed with PEVs in mind and present a bureaucratic obstacle to 
the timely and efficient installation of residential recharging units. Workplace recharging will also be helpful and is 
already sponsored by some employers, but will occur less frequently than residential recharging. Retail outlets may 
have commercial incentives to install recharging facilities if sufficient demand develops, but the short-term need for 
community recharging is limited, installation remains expensive, and bureaucratic and technological obstacles persist. 

supply-side concerns

For vehicle manufacturers, suppliers of components, and venture capitalists intrigued by the future of PEVs, a central 
question is whether to test the waters as a first mover or sit back and respond later. It is one thing to offer a PEV, perhaps in 
limited volume to satisfy CARB’s requirements for ZEVs; it is quite another to do so on a profitable, mass-production basis 
in a global industry that is quite competitive. 

While most of the attention is properly focused on the need for new battery capabilities, electrification will require more 
than a dozen new systems that are not needed for gasoline-powered vehicles (e.g., special gear boxes for the higher electric 
RPMs, electric power steering, electric water pumps that can circulate coolant for the traction motor, etc.). A new supply 
chain in the manufacturing sector will be necessary to support a robust PEV industry.131 Thus, it is critical to consider the 
supplier’s perspective, both the supplier of the vehicle and the many suppliers of components throughout the vehicle supply 
chain. 

Battery	Costs

In May 2006, DOE hosted more than 120 experts from academia, government, national laboratories, and the automotive 
and electric utility industries to discuss PHEV technology and economics. The consensus was that the primary impediment 
is cost, and limitations of battery technology are a potential showstopper.132 

Since cost information is generally proprietary, only estimates of battery costs are available. For the PEVs currently being 
sold in the U.S. market, the unit cost estimates (expressed in units of kilowatts per hour [kWh]), are $680/kWh for the 
Tesla Roadster,133 $500–600/kW h for the Chevrolet Volt,134 and $375–750/kWh135 for the Nissan LEAF. The United States 
Advanced Battery Consortium has set cost-reduction targets with a mid-term goal of $250/kWh and a long-term goal of 
$100/kWh.136 A 2009 report from the National Research Council (NRC) predicted that these goals may not be realized for 
many decades. Assuming no technological breakthroughs, the NRC’s committee projected a lithium-ion battery pack cost of 
$500/kWh in 2030 (in today’s dollars). However, some manufacturers may already have met or exceeded this figure. Nissan 
has publicly stated that their battery cost per kWh has dropped 50% in the last four years.137

The conclusions of the NRC report were met with dispute from organizations such as the Electrification Coalition that 
believe the committee overestimated current battery costs and failed to account for the economies of scale that would 
be achieved at larger production volumes.138 Several other estimates of battery cost reductions support the Electrification 
Coalition’s claim that battery costs will be reduced further than the NAS report anticipates. A 2009 report from McKinsey	
Quarterly projected that battery costs could be reduced to $420/kWh by 2015 in an optimistic scenario.139 A 2010 survey of 
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experts on the subject found that there was a 66% chance that a battery cost below $200/kWh could be achieved, assuming 
sufficient government R&D funding.140

The lithium-ion battery has been the primary technology for PEV applications because it optimizes combined power and 
energy density, especially when compared to the nickel-metal hydride chemistry that powers traditional hybrids. However, 
the lithium-ion battery is limited by concerns about safety, how long the battery will last before it must be replaced, and how 
quickly the battery will deplete after each successive recharge. 

Alternate lithium-based battery technologies hold promise for vehicle applications. Stimulus funds through the DOE have 
recently invested in 20 advanced research projects that could reduce battery costs as much as 90%, if successful.141 These 
projects include semi-solid and “all-electron” batteries.142 In addition, researchers at Argonne National Laboratories are 
studying lithium-air batteries, which could substantially increase energy density.143 

In summary, the unit costs of lithium-ion battery packs for automotive applications appear to have declined significantly, but 
the pace of further decline is far from certain. Refinements of the lithium-ion technology may be sufficient to commercialize 
PHEVs, but an entirely new energy-storage capability may be necessary for BEVs given consumer demands for driving 
range and affordability. The commercial experience of Nissan with the LEAF will provide critical information on the near-
term viability of BEVs. Alternative battery chemistries are certainly worth significant R&D support. 

Battery	Production	Capacity

Korea, Japan, and China currently supply 95% of the world’s advanced batteries with Sanyo, Samsung, and LG Chem 
leading the industry.144 If consumer demand for PEVs grows more rapidly than expected in the United States or Asia, the 
PEV industry, aided by sympathetic governments, seems likely to respond and meet the demand. Large battery plants are 
under construction in the United States, Japan, South Korea, and China, where government and industry are convinced that 
HEVs—and possibly PEVs—will capture increasing shares of the global vehicle market. The European industry appears to 
be more fractious and less nimble, and both the EU and the German government continue to resist the French and Spanish 
calls for subsidies to support near-term commercialization of PEVs.* 

The United States played a leading role in the early development of lithium battery technology. In the 1980s, researchers 
at the University of Texas at Austin developed the cathode materials necessary for a rechargeable lithium battery.145 In 
1992, the United States Advanced Battery Consortium—formed by the Big Three automakers (Ford, GM, and Chrysler), 
the Electric Power Research Institute, and DOE—awarded contracts for R&D, which included funds for lithium-polymer 
development and lithium-sulfide research.146 Despite early breakthroughs, U.S. battery manufacturers did not aggressively 
pursue lithium-ion batteries, due in part to estimates of low automotive demand for batteries and low profit margins relative 
to other battery applications.147 While the United States declined to develop a domestic lithium battery industry for vehicle 
applications, the industry thrived elsewhere.

Japan was able to move ahead in this market due to its industrial-policy emphasis on growth in long-term market share 
(rather than a focus on near-term profits) and its pattern of fostering close inter-industry partnerships (e.g., the relationships 
between the Japanese battery industry and consumer electronic product designers and producers).148 Through aggressive 
implementation of this industrial policy, Japan has emerged as the world’s leading producer of advanced batteries.149

Panasonic, maker of about 80% of the world’s nickel-hydride batteries used in vehicles, is now a key player in lithium-ion 
batteries due to its purchase of Sanyo Electric Company, the world leader in lithium-ion technology for cell phones and 
computers.150 In 2009, Sanyo announced a $1 billion plan to rapidly expand lithium-ion battery production, with two new 
plants already underway.151 A complication is that Panasonic, though it has done business with GM, Chrysler and Honda, 

*Further discussion of EU PEV policy follows in the section “An International Perspective on Policy,” see pp. 53-56.
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has strong ties with Toyota.152 Toyota’s joint venture with Sanyo does not share technology with other vehicle manufacturers 
and suppliers.153

Beginning in 2008, Nissan teamed with NEC Corporation of Japan on building a new $115 million facility to make 65,000 
battery packs per year by 2011.154 Nissan and NEC have a proprietary battery technology that produces twice the power 
output of typical batteries and with less risk of safety problems due to overheating.155 The Nissan–Renault relationship is 
also helping Renault take a leadership position in the fledgling European PEV industry. 

Japan’s global leadership position is not assured in the future. South Korea and China are emerging as serious Asian 
competitors. 

South Korea recently announced a national investment equivalent to $12.5 billion, the “Battery 2020 Project,” to become the 
dominant battery producer in the next 10 years.156 This is a boost to Samsung SDI and LG Chem, South Korean-based global 
companies with strong positions in lithium-ion batteries. In fact, a subsidiary of LG Chem, Compact Power, Inc. (Troy, 
Mich.) will produce PEV batteries for both GM and Ford vehicles.157 In 2009, Robert Bosch GmbH (Stuttgart, Germany), 
the world’s largest automotive supplier, teamed with Samsung SDI to break into the battery business.158 The partnership later 
acquired the battery producer Cobasys (Detroit).159 Beginning in 2013, a new Samsung plant in South Korea will supply 
batteries for both HEVs and PEVs.160 

China has also released a national plan to become a global leader in battery technology for vehicle applications. China’s 
competitive advantages (inexpensive labor, raw material access, and favorable government incentives)161 have allowed the 
country’s global market share in batteries (of all types) to grow from 11% in 2002 to 25% in 2009.162 The lithium reserves in 
the country are the fourth-highest worldwide.163 Chinese universities are involved in spurring the technology’s development: 
Tsinghua University focuses its research efforts on PEVs, HEVs, and fuel cell vehicles and their battery applications, while 
the School of Engineering at Tongji University integrates batteries and vehicles for research, testing, and evaluation.164 The 
combined force of these factors led to 120 companies producing lithium-ion batteries in China as of 2008.165

A variety of U.S.-based and foreign companies play a role in the small but rapidly developing U.S. battery industry. Boston 
Power (Westborough, Mass.) will supply lithium-ion batteries for Saab’s first electric car. The French battery-maker Saft, 
in partnership with Johnson Controls (Milwaukee), is expanding lithium-ion battery production for automotive applications 
and has relationships with GM, Daimler, and BMW. A123 (Watertown, Mass.), a start-up with strong support from General 
Electric Corporation and the venture capital community, has recently signed battery supply contracts for Navistar’s all-
electric urban delivery truck and a Chinese automaker’s all-electric subcompact sedan (SAIC Motor). EnerDel (Indianapolis), 
arguably the pioneer of lithium-ion battery production in the United States, will supply Volvo for the electric version of the 
Volvo C30, building on its smaller relationships with TH!NK Global (Norway) and Fisker Automotive.166 KD Advanced 
Battery Group—a joint venture of Dow Chemical Company, Kokam America, and Townsend Ventures—will soon be a 
supplier of lithium-ion batteries to Smith Electric Vehicles for its all-electric trucks. 

The Obama administration, the U.S. Congress, the United Auto Workers, and the Big Three do not wish to become dependent 
on Asian battery manufacturers. In response to concerns that many of the American dollars spent on PEVs would be sent 
overseas due to an inadequate domestic battery industry, Congress allocated $2.4 billion in PEV stimulus funding, including 
grants to nine battery manufacturers.167 Due to these stimulus investments, the United States’ share of global production 
capacity for advanced batteries is projected to rise from 2% in 2010 to 40% in 2015.168 But the alignment of U.S. battery 
production capability with uncertain consumer demand is a tricky matter. 

Worldwide production capability is predicted to be 1,500,000 by 2015.169 Disagreement arises over how this number compares 
to future demand for batteries. Total Battery Consulting believes that this production level will create “overcapacity by 
2013.”170 Pike Research and Lux Research believe there could be a lithium-ion battery glut by 2012.171 However, battery 
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manufacturer EnerDel thinks that battery production capacity is a main limiting factor for growth in PEV sales and that demand 
is not a problem for battery manufacturers.172 Consulting firm PRTM does not predict any significant overcapacities.173

Access	to	Raw	Materials

If the PEV industry grows, the competition for access to vital raw materials will intensify. The need for lithium is obvious, 
but a variety of rare-earth metals also play key roles: dysprosium is used in electric motors, lanthanides (formed from 
lanthanum) are used for magnets in motor generators, and neodymium is used in high-end magnets.174   

Relatively unknown in the late 1990s, lithium batteries are now ubiquitous in portable electronic devices. The battery 
industry comprises about 23% of present lithium demand (see Table 7). By way of comparison, HEVs and PEVs are currently 
marginal contributors to global demand and are expected to 
remain below 2% of the lithium battery market in 2012.175 
One forecast calls for sustained long-term growth due to 
the expected demand for vehicle electrification, resulting 
in a $100 billion lithium-ion battery market (roughly 14 
times the 2009 size) by 2030.176 

Global lithium resources have been approximated at 
25.5 million tons, of which 2.5 million tons are in the 
United States.177 The majority rests in Bolivia and Chile, 
with 9 million metric tons and over 7.5 million metric 
tons, respectively. The majority of “recoverable” lithium 
reserves (i.e., the resource base that is economically viable 
to extract or produce) rests in Bolivia and Chile. The third-
largest holder of recoverable lithium reserves is Argentina, 
but it has less than 11 percent of Chile’s total. From 2005 to 2008, 63% of U.S. lithium imports came from Chile and 35% 
from Argentina. 

Production of lithium is currently concentrated in Chile (39.3%), China (13.3%), Australia (11.0%), Russia (10.8%), 
Argentina (9.8%), and the United States (8.4%). Sixty mining companies have lithium feasibility studies underway and 
the four largest lithium producers are expanding their operations in Argentina, Serbia, and Nevada.178 The world’s biggest 
supplier of lithium is Sociedad Quimica y Minera de Chile SA, which accounts for 30% of the global market.179 U.S.-based 
Chemtall and FMC Lithium together supply 50% of the world’s lithium, but, with the exception of Chemtall’s use of lithium 
from Silver Lake, NV, the lithium they provide is sourced from Chile and Argentina.180 

From a purely numerical perspective, there is little cause for worry about a scarce supply of lithium reserves in the near 
future. At present production levels, reserves will satisfy automotive battery demand until around 2025, even under an 
aggressive growth scenario.181 However, the concentration of lithium in South America raises concerns about political 
instability that could shrink U.S. access to lithium. Several high-level politicians, including President Morales of Bolivia, 
have openly discussed nationalizing lithium deposits due to the crucial role lithium plays in the future of the PEV industry.182 
A similar concern relates to cobalt, another cathode raw material: 30% of the world’s supply lies in the Democratic Republic 
of the Congo.183

One option for reducing U.S. reliance on lithium imports is recycling, which would lessen the demand for newly mined 
lithium. The current state of lithium reserves and the small amount of lithium being used today have not warranted significant 
investments in the costly process of lithium recycling. DOE recently provided California’s Toxco with grant funding to build 
the United States’ first lithium recycling facility.184 

Table 7: Global End-Use Lithium Uses by Market Share

                    End-use Market                                      Market Share

 Ceramics and glass 31%

 Batteries 23%

 Lubricating greases 10%

 Air treatment 5%

 Continuous casting 4%

 Primary aluminum production 3%

 Other uses 24%

Source: U.S. Geological Survey, Mineral Commodity Summaries 2010.
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Although domestic lithium recycling could reduce U.S. dependence on lithium imports and the U.S.’s vulnerability to 
sudden drops in supply, an alternative strategy in the face of a shrinking lithium supply is the use of substitutes. According 
to the U.S. Geological Survey, substitutes for lithium-ion battery applications include magnesium, mercury, calcium, and 
zinc as anode material, though these substitutes are all heavier than lithium.185

Access to a variety of rare earth materials may prove to be more challenging than access to lithium. One forecast concluded 
that global demand for rare-earth metals will exceed supply within four years, primarily due to the growing market for HEVs 
and PEVs.186 

From a business perspective, arrangements that do not create dependence on foreign countries will become increasingly 
attractive. The United States, despite having approximately 13% of the world’s rare earth metals reserve, has 100% net 
import reliance for the material.187 About 90% of these imports to the United States originate in China.188 The dangers of 
dependence became clear in the summer of 2010 when China announced it would cut exports of rare earth metals by 40%, 
citing national security and environmental concerns.189 

The price of raw materials is currently a small fraction of the cost of a PEV (e.g., lithium currently accounts for about 5% of 
the cost of large-format car battery), but input prices can fluctuate rapidly.190 The price of lithium has more than tripled from 
1999 to 2010.191 The price of rare earth metals has gone up dramatically in the last eight years (see Figure 3). In 2010 alone, 
the per kilogram price of neodymium—which is sourced predominantly from China—doubled.192 As of mid-2010, Toyota 
was the only major vehicle manufacturer to have signed corporate arrangements that secure rights to rare earth elements in 
Argentina, Vietnam, and Canada.193 

Supply	of	Other	Inputs	and	Components

Concerns about the supply of battery packs and raw materials are replicated for the many other components that go into 
making PEVs. As a result, the recent federal stimulus package included $2.4 billion for the supply chain, beyond the 
grants for battery pack assembly.194 In addition to the nine 
grants to battery-makers, 11 grants were awarded to battery 
component manufacturers and 10 to electric drive component 
manufacturers.195

The United States’ lithium-ion battery industry is currently 
focused primarily on battery pack assembly and mostly 
imports battery cells, with only EnerDel manufacturing the 
cells domestically.196 In cell components, the U.S. industry 
lags behind on cathode and anode production. 

The United States does have a hand in the other two components 
needed for cell production: North Carolina’s Celgard holds 
20–30% of the global market share for separators, and the 
Ohio firm Novolyte is a major supplier of electrolytes. Some 
researchers believe that venture start-ups will begin to emerge 
in the U.S. battery component industry in response to the 
expansion of domestic battery production. In addition, A123, 
EnerDel, JCI-Saft, and Compact Power are looking at ways to 
vertically integrate, possibly adding cell production capacity 
with assistance from DOE. 

Figure 3: Rarity Value – Rare-Earths Price Index* 
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Coordination	with	Electric	Utilities 

Large-scale commercialization of PEVs may present electric utilities with significant business opportunity as well as new 
load management challenges. 

load Effects. Most regional electric distribution systems have excess capacity available for dispatch in the event that 
the extra electricity is needed for peak loads or increased demand. One of the most important considerations for PEVs is 
whether there is enough excess capacity to accommodate recharging needs in the short run and how PEV recharging will 
affect electric loads in both the short and long run.

Many PEV owners are expected to charge their vehicles overnight when the power system commonly operates at below 
50% capacity and when electricity is the least expensive to generate. Off-peak power appears to be adequate to handle a 
large number of PEVs. The Pacific Northwest National Laboratory concluded that sufficient excess capacity exists to charge 
approximately 73% of the nation’s light-duty vehicle fleet or 84% of personal automobiles, pickup trucks, or sports utility 
vehicles between the hours of 6 p.m. and 6 a.m.197 These percentage values, however, vary by region.

Existing technologies and electric reliability capabilities—including load control and appliance timers—are adequate to 
avoid coincident peak loads in the short run. Over the long run, the application of new, emerging smart grid technologies 
will help manage the PEV-induced charging loads more efficiently and optimize the excess generation capacity while also 
using intermittent renewable solar and wind energy. It may be useful to implement some smart grid technologies at the same 
time that PEVs are deployed in demonstration communities. 

Although the overall transmission and distribution system is adequate for large-scale PEV deployment, reliability problems 
due to system overload could occur on a local basis. Statistical analysis of electric distribution systems has shown that 
spatial diversity of PEV penetration reduces the risk of overloading the primary distribution system. But, as the analysis 
moves closer to the customer, the risk of overloading local service transformers increases.198 At this local or neighborhood 
level, there is increased probability of vehicle clustering. Most utilities routinely plan the size of distribution systems for 
load growth and peak loads. But utilities in regions with high PEV penetrations or older infrastructure may need to install 
heavy-duty wires, upgrade local transformers, or invest in smart grid technology to prepare for the strain that PEVs could 
cause.199

The energy demands of a PEV are roughly equivalent to adding a new small house onto the neighborhood grid.200 Localized 
transformer overloading can occur at low PEV penetrations if the existing infrastructure is already heavily loaded or 
subjected to “clustering” of PEVs in specific neighborhoods. Given the role of neighborhood effects on new vehicle sales, 
such clustering should be expected. One study finds, however, that new generation peaks can be avoided (even at high 
levels of PEV penetration [9%]) by using advanced meters to stagger residential recharging times.201 In an effort to address 
concerns about grid overload, the Electric Power Research Institute has developed an analytical framework for utilities to 
use in determining the effect of PEVs in their distribution operation and is also working with utilities to conduct analyses to 
locate infrastructure requiring upgrades.202

pEV Effects on Electricity rates. PEVs are seen by some as a potential new load source, when used in a “vehicle-to-grid” 
(V2G) capacity. The premise behind the V2G concept is that PEVs will charge during nighttime hours, and then dispatch 
some electricity back to the grid during peak daytime hours.203 Due to the expected timing and flexible nature of PEV-
provided load, V2G operations could potentially decrease electric rates. 

Increasing electric load growth, and hence sales, without requiring additional capital investment by the utility generally 
results in lower electric rates for utility customers, assuming that there are no additional cost increases due to reliability or grid 
maintenance. The recent study from Pacific Northwest National Laboratory validates this prediction for large penetrations of 
PEVs.204 In some utility territories, the costly upgrades necessary to accommodate additional load on the distribution system 

A Practical Plan for Progress     41



may offset part of this economic benefit. But where the benefit outweighs the increased distribution system costs, the lower 
cost can be passed on to all customers in the form of lower general electric rates, rebated to PEV owners through low PEV-
charging rates, shared with utility shareholders, or some combination thereof. 
Technical and cost characteristics for V2G operations, however, are still highly uncertain. Primary uncertainties include 
methods of communication between PEVs and electric grid operators, how to aggregate multiple PEV loads to amount to 
sellable bundles of electricity, and how to bill or financially account for the electricity that PEV owners dispatch back to the 
grid. Another drawback is that there may be less expensive ways to provide these same ancillary services. Existing loads 
such as electric water heaters could provide similar services by controlling the rate of electricity provided. Large, stationary 
battery packs are much less expensive than the premium batteries required for the stressful conditions in a vehicle life of 10 
or more years. 

Despite the many benefits that PEVs theoretically could provide via V2G initiatives, these remaining uncertainties, until 
resolved, limit the opportunities for V2G operations in the near-term. Continued research on these topics as they develop 
in demonstration pilots will help confirm the technical approach and clarify the extent of economic benefits associated with 
V2G. 

Regardless of V2G potential, the advent of PEVs is expected to generate a variety of innovative retail electricity rate 
structures as utilities seek to offer incentives to PEV owners that charge during off-peak hours. Different rate structures 
include time-of-use rates, specific PEV-charging rates, or fixed monthly fees for PEVs. Time-of-use rates offer lower costs 
for off-peak and night charging. Specific PEV-charging rates are already in place in several utility territories. Some utilities, 
such as Consumers Energy and DTE Energy, are proposing fixed monthly fees for recharging PEVs.205 Thus, the deployment 
of PEVs is likely to reinforce some reforms in electricity pricing and rebates that are already underway for other reasons.

Electricity resources and Greenhouse Gas Emissions. There is a small but growing literature on the potential impact of 
PEVs on electricity demand and the resulting impacts on greenhouse gases from power production. The current blend of 
electricity sources in the United States is heavily concentrated with fossil fuels, particularly coal and natural gas, though 
this varies by location. 

In 2008, coal and natural gas accounted for 48.7% and 21.5%, respectively, of U.S. power production.206 The coal share 
is near zero on the West Coast and well below average in the Northeast. The Midwest and South have above-average 
dependence on coal. While the operating lives of existing nuclear power plants in the United States have been extended, the 
rate of investment in new nuclear plants is so modest and the lag time to operation so long that the nuclear share of the U.S. 
electricity market will at best remain stable for the next 20 years. Wind and solar power are steadily increasing their market 
shares from a very small base. 

PEVs diminish or eliminate greenhouse gas emissions from the vehicle, but they induce more greenhouse gas emissions from 
electric power plants. Modeling studies suggest that, given the current mix of electricity sources in the United States, the net 
effect of PHEVs compared to current gasoline engines is a significant net reduction in greenhouse gas emissions.207 However, 
when compared to HEVs, PEVs powered by the current mix of electricity sources are not a clear-cut improvement.208,209 As 
long as the electricity sector continues to depend on carbon-intensive fossil fuels to satisfy the bulk of electric power, the 
environmental promise of the PEV industry will be limited. Projections for the greenhouse gas emissions of future PEVs are 
optimistic, however, showing improvements that result in a 7% to 46% reduction in greenhouse gas emissions compared to 
an HEV by 2050.210 

findings

There are promising prospects for advancements in battery technology that improve performance and reduce costs, 
and breakthroughs in advanced battery chemistries remain a distinct possibility. Significant cost reductions in battery 
technology have already been achieved. Additional battery R&D may achieve even greater cost reductions, perhaps more 

42     Plug-in Electric Vehicles:



significant than the cost reductions expected through economies of scale and “learning by doing” in the production 
process. While refinements of lithium-ion battery technology may prove sufficient for mass commercialization of PHEVs, 
a new type of energy storage will likely be required so that BEVs can satisfy the cost and range preferences of mainstream 
consumers.

BEVs have some clear advantages over PHEVs: They offer greater potential for energy-security benefits by eliminating 
the vehicle’s use of petroleum; they have no tailpipe emissions; they eliminate the complexity and cost of the internal 
combustion engine; and the electric drive system is relatively simple to design, produce, and service. However, the obstacles 
to mass commercialization of BEVs are even greater than the obstacles for PHEVs. Given the high cost of battery 
production, a BEV that approaches affordability (with generous tax credits) has a driving range of about 70–100 miles 
on a full charge. The battery pack takes a long time to fully recharge (usually overnight), and even using an expensive 
commercial recharger takes considerably longer than refilling a standard gasoline tank. Although typical daily travel 
patterns in the United States lie well within the 100-mile range, most vehicle purchasers desire a full-function vehicle 
that can meet their predictable peak travel demands (i.e., their longest trips, such as weekend and holiday road trips). 
With its battery pack complemented by a small gasoline or diesel engine, a PHEV can make use of the existing refueling 
infrastructure to achieve driving ranges of 300 miles by featuring conventional refueling capabilities in addition to 
recharging the battery. An affordable BEV cannot match this range or speed of refueling, so BEVs may not achieve mass 
commercialization until there are breakthroughs in battery technology, though they may succeed in niche markets such 
as commuter vehicles for affluent multi-vehicle households or urban pick-up and delivery vehicles. 

A comprehensive environmental evaluation of PEVs must consider the fact that production of electricity will generate 
risks to the environment that will vary in nature and magnitudes depending on the source of power. The potential impacts 
of PEVs on climate change are of particular concern. Given the current mix of electricity sources in the United States, 
use of a PEV will emit far fewer greenhouse gases than the current average gasoline engine, but may not be any better 
than HEVs that do not need to be recharged. As long as electricity production depends heavily on high-carbon energy 
sources, the net effect of PEVs on greenhouse gases will be limited and will vary by region. As electricity production 
shifts to lower carbon-emitting sources, the environmental promise of PEVs will be enhanced significantly. 
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public policiEs ToWarD pEVs

There are many obstacles facing the mass commercialization of PEVs, but the fact that a product may struggle commercially 
is not sufficient grounds for government intervention on the product’s behalf. In the case of PEVs, some government action 
is warranted due to the negative environmental and security impacts of conventional vehicles, as well as the private sector’s 
consistent underinvestment in R&D caused by the inability of firms to capture all the benefits generated by their R&D 
efforts.

The energy and vehicle markets fail to allocate resources efficiently because costs are imposed on third parties without their 
consent or compensation, a so-called “negative externality.”* For example, tailpipe emissions and energy security costs 
from petroleum use impose external costs on individuals not involved in the purchase, sale, or use of the vehicle. Public 
policy offers a potential mechanism of “internalizing” such external costs (e.g., through fees on emissions of pollution). 

R&D generates “positive externalities” because there are “spillover” benefits on external parties that are not accounted 
for in the market. Under the condition of a positive externality, suppliers and manufacturers will likely under-invest in 
innovative initiatives to offer PEVs because they are undercompensated for their efforts; benefits to other entities will 
occur since the information from innovation is readily used or adopted by others.211 Intellectual property laws are designed 
to reduce positive externalities, but they are recognized to be an imperfect instrument, even in countries that have well-
enforced property laws. Considering technical knowledge as a public good,** an efficient allocation of public funds is 
achieved through expenditures that achieve the greatest positive externalities from innovation.212 Private underinvestment 
in R&D is the primary justification for public policy designed to stimulate private R&D through instruments such as low-
volume production grants and loan guarantees, tax incentives, and public-private partnerships. A similar rationale is used for 
taxpayer support of governmental R&D programs.213 

Another positive externality arises as the net value of a PEV increases with increased commercialization, also known 
as a “network effect.”*** This occurs via direct and indirect positive externalities.**** The PEV market has a network 
externality because PEVs require a recharging infrastructure.214 Additional purchases of PEVs give rise to more accompanying 
infrastructure, which in turn increases the net value of a PEV by improving the availability, performance, and affordability 
of such infrastructure. The indirect effect occurs as increases in the number of PEVs sold presumably leads to increased 
production, thereby lowering the unit price of PEVs. This effect is premised on the assumption that economies of scale in the 
PEV supply chain lower unit production costs. Economies of scale have been documented repeatedly in the manufacturing 
sector, especially at relatively low production volumes. Under these circumstances, firms have an incentive to “free ride” on 
the efforts of their competitors to attract demand for an innovative vehicle. The inevitability of some network externalities 
suggests a role for public policy in the early stages of PEV commercialization when infrastructure development is nascent, 
production volume is low, and unit production costs are highest. 

Before surveying current public policies, it is useful to consider the attributes of policy instruments that may be of interest 
to policymakers. Five attributes may be of particular interest because they have ramifications for economic efficiency or 
political feasibility. 

*An “externality” exists when the production or consumption of a market actor enters the production or utility function of another entity without 
permission or compensation of that entity. See: Kolstad, C. 2000.	Environmental	Economics. Oxford University Press, Inc., New York.   

**Pure public goods are neither rivalrous nor exclusive (Bickers and Williams 2001). R&D has some public good properties in that the use of technical 
knowledge by one entity does not diminish the ability of others to use it. Additionally, the creator of a new technology or knowledge cannot prevent 
others from using it. See: Bickers, Kenneth N. and Williams, J.T. 2001. Public	Policy	Analysis. Houghton Mifflin Company, Boston, MA.  

***Liebowitz and Margolis (1994) define a network effect as “the circumstance in which the net value of an action is affected by the number of 
agents taking equivalent actions.” See: Liebowitz, S.J. and Margolis, S. 1994. “Network Externality: An Uncommon Tragedy,”	Journal	of	Economic	
Perspectives 8, 133-150.  

****Katz and Shapiro (1986) distinguished direct and indirect network externalities by whether or not there was “a direct physical effect of the number 
of purchasers on the quality of the product.” See: Katz, M. L., and Shapiro, C. 1986. “Technology adoption in the presence of network externalities,” 
Journal	of	Political	Economy 94, 822-841.  
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Impact	on	Technology

A policy instrument that explicitly favors a specific technology (e.g., a government subsidy for new plants that build PEVs) 
is different from a policy instrument that encourages PEVs in a technology-neutral manner (e.g., a gasoline or carbon 
tax). While economists tend to favor technology-neutral policies on grounds of economic efficiency, politicians may favor 
instruments with a technological bias because it is easier to build political support and earn political credit when the bias 
is clear. A seemingly technology-neutral program, such as federal mileage standards for new cars, may in practice have a 
technological bias depending on the strictness of the requirements, the deadlines for compliance, and the current state of 
competing technologies. 

Impact	on	Government	Budget

Fiscally strapped governments at all levels need to know what the impact of an instrument will be on governmental revenues 
and expenditures. Grants for new battery manufacturing plants are a direct government expenditure, while government 
loan guarantees create financial risk. Other policies influence revenues to the government. A consumer tax credit for PEV 
purchasers reduces government revenue. More subtly, widespread use of PEVs would be a large threat to federal highway 
funds since the gasoline tax is a major source of these funds.

Impact	on	Consumer	Budget

Policy instrument choice also has ramifications for the economic well-being of consumers and may have important political 
implications. Despite the attractiveness of a policy instrument that does not negatively impact government budgets, these 
instruments often negatively impact consumer budgets instead. For example, command and control regulations may be 
cheaper to implement for the government, but costs automakers incur in complying with regulations may be passed on 
to consumers. Similarly, consumer tax credits have a positive impact on a consumer’s after-tax income while reducing 
government revenues. 

Targets	of	Behavioral	Change

Policy instruments differ in whose behavior they are trying to change. Production subsidies and vehicle mileage standards 
are aimed at vehicle manufacturers. Consumer tax credits for the purchase of new PEVs seek to influence the purchasing 
decisions of new vehicle buyers. Higher gasoline taxes encourage different choices by both vehicle producers and vehicle 
buyers.* While the initial target of behavioral change may be the consumer (e.g., a tax on gas guzzlers), manufacturers are 
likely to respond to policies that alter consumer preferences.

Nature	of	Incentives

There is a temptation to think of all incentives as financial (e.g., a tax credit for the consumer or producer). Yet some policy 
instruments deploy non-financial incentives to induce behavioral change. For example, by offering PEV owners access to 
coveted parking spaces in urban areas, government can encourage vehicle owners to purchase and use PEVs. 

In surveying government policies toward PEVs, TEP has found it useful to compare the policies using these five attributes. 
TEP makes no simple claim, however, that there is a clear relationship between one or more attributes and a policy’s 
desirability. Furthermore, the mix of policy instruments does vary in countries around the world, and U.S. policymakers may 
find it useful to consider the mix of policy instruments and associated attributes.

*Note that in the United States, gasoline taxes are primarily used to maintain the existing network of transportation infrastructure, and are thus akin to 
a user fee. Although the intention is not to discourage driving, higher gasoline taxes could have this effect by raising the cost of automobile use.  
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policy instrument options

TEP identified 10 different instruments that are being considered by policymakers to spur—directly or indirectly—the 
electrification of the transport sector. These instruments are summarized and then classified according to the five attributes 
(see Table 8).

Advanced	Battery	Warranties	or	Buyback	Guarantees

Considerable consumer anxiety surrounds the issue of potential battery failure within the vehicle’s lifetime. Batteries are 
very expensive to replace, so a warranty to protect consumers against this expense may be desirable. Buyback guarantees 
that ensure financial compensation for the depleted battery act as a safeguard against this concern. However, the incentive 
for battery suppliers to invent a durable long-life battery is reduced if the government will pay for a replacement. 

“Feebates”

A feebate program combines a tax and a rebate. A certain level of fuel economy is set as the feebate “pivot point”—
purchasers of vehicles below this point pay a tax while purchasers of vehicles above the point receive a rebate. Feebates 
may also be designed to create a middle zone; purchasers of near-average fuel economy vehicles would pay neither a tax 
nor receive a rebate.215  

Federal	Fleet	Purchasing	Agreement

The federal government is a large purchaser of new vehicles. To improve economies of scale, reduce the risk of PEV 
production in an uncertain market, and lead by example, the federal government has the option to enter into federal 
procurement agreements with makers of PEVs. 

Preferential	Parking	and	Vehicle	Access

Sales of HEVs were boosted when HEVs were granted access to HOV lanes on crowded highways. This policy can be 
expanded to include PEVs. PEVs can also be given preferential parking access in downtown areas or be allowed into urban 
centers that restrict entry for other vehicles. 

Table 8. Typologies of Policy Instrument Characteristics

                                                       Impact on                Impact on                   Impact on                       Primary Policy or
                         Technology         Government Budget Consumer Budget           Regulatory Target        Incentive Type

Vehicle and Charger Tax Credits Specifying Revenue-Decreasing Positive Consumers Financial

Production Mandates Neutral1  Revenue-Neutral Negative Automakers Non-pecuniary

Community Demonstration Pilot Grants Specifying Revenue-Decreasing Neutral Local and Regional Governments Financial

Preferential Parking and Vehicle Access  Specifying Revenue-Decreasing2  Neutral Consumers Non-pecuniary

Battery Warranties and Buyback Guarantees Specifying Revenue-Decreasing Positive Consumers Middle Ground

Federal Fleet Purchasing Agreement Specifying Revenue-Decreasing Neutral Automakers Financial

Taxes on Oil Use or GHGs Neutral Revenue-Increasing Negative Consumers Financial

Feebates Neutral Revenue-Neutral Varied Consumers and Automakers Financial

Advanced Battery R&D Subsidies Specifying Revenue-Decreasing Positive Supply Chain Financial

Vehicle Related Fee Reductions Specifying Revenue-Decreasing Positive Consumers Financial

1  Although the policy is technology-neutral, the level at which mandates are set may be influenced by the technologies currently on the market or which are favored 
by the policymakers.

2  Decrease in revenue is modest compared to other policy instruments that decrease revenue, especially vehicle and charger tax credits.
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Subsidies	for	Advanced	Battery	Research	and	Development

The government, especially the DOE, is already heavily involved in funding PEV-related R&D. With the costs of batteries 
remaining high, increasing R&D in this field could lead to significant cost-reducing advances that might spur PEV production 
and sales. 

Community	Demonstration	Pilot	Grants

This instrument choice involves providing grants to communities based on their readiness for PEV deployment. Readiness 
can be judged on criteria such as ease of the permitting process, existing incentives for PEV purchases, and coordination 
with local utilities. Grants can also be used for improving readiness, such as installing public recharging infrastructure.

Tax	Incentives	for	Purchase	of	Vehicles	and	Recharging	Equipment

Tax incentives aim to reduce the incremental cost of a PEV purchase compared to a conventional vehicle. Such price 
reductions arguably increase the likelihood that consumers will purchase PEVs. Tax incentives can also be deployed to 
lower the cost of recharging equipment for businesses or consumers. 

Taxes	on	Oil	Use	or	Greenhouse	Gases

This policy instrument is currently in existence: Taxes are paid on the gasoline to fuel internal combustion engines (ICEs). 
Currently, this tax serves as a user fee by paying for road infrastructure projects and maintenance. The tax rate requires 
adjustment to capture the cost of the negative externalities created by oil consumption. Increasing the tax rate on fossil fuels 
would give PEVs and other alternative vehicles a stronger operating cost advantage over conventional vehicles. A different 
approach would be to tax oil imports or emissions of greenhouse gases from vehicles.

Vehicle	Production	Mandates

A command-and-control policy instrument, vehicle production mandates require auto manufacturers to sell a specified 
number of low-emission or technology-specific vehicles, regardless of market demand.

Vehicle-Related	Fee	Reductions

Policymakers can reduce the financial burden of purchasing a PEV in less direct ways than providing incentives at the point 
of purchase. Some options include reducing PEV registration fees and tolls or providing an “operating cost allowance” to 
cover expenses such as vehicle maintenance. 

pEVs: a presidential pledge

Public policy interest in the future of PEVs has evolved over multiple presidential administrations. In 2007, for example, 
then-President George W. Bush instructed federal agencies to purchase and operate PHEVs for government business once 
they become commercially cost-competitive with non-PHEVs. However, President Barack Obama has given more priority 
to PEVs than has any previous president. 

During his campaign in 2008, then-Senator Obama announced intentions to: 

• “Invest in Developing Advanced Vehicles and Put 1 Million Plug-in Electric Vehicles on the Road by 2015;”216

• increase federal spending to leverage private sector funds and back domestic automakers in an effort to commercialize 
PHEVs and other advanced vehicles;
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• invest in advanced vehicle technology, particularly R&D in advanced battery technology; and
• ensure that half of all car purchases by the federal government are PHEVs or BEVs by 2012.

The singular focus on PEVs displayed by the Obama campaign differed markedly from both the policies of the George W. 
Bush administration and the campaign position of presidential candidate Senator John McCain.

In surveying federal policies related to PEVs, TEP found that the Obama administration has made significant policy changes 
in four areas: purchasing of PEVs by government fleets, income tax credits for PEVs, federal mileage and carbon regulations, 
and financial assistance for PEV manufacturing and R&D.

Government	Fleet	Purchases

In signing Executive Order 13514, President Obama required federal agencies to reduce annual petroleum consumption by 
2% per year from a 2005 baseline through 2020, resulting in a 30% total reduction. To fulfill a requirement of the order, the 
U.S. DOE issued a Federal Fleet Management Guidance document in April 2010. One strategy outlined in the document is 
to reduce fuel use and GHG emissions by purchasing PEVs.217 

Income	Tax	Credits

Working with PEV advocates in the Congress, President Obama has also expanded the tax incentives for the purchase of 
PEVs. During the Bush administration, the Energy Improvement and Extension Act of 2008 provided a tax credit of $2,500 
for PHEVs meeting a minimum battery size comparable to a PHEV with a 10-mile all-electric range. Several provisions in 
the American Recovery and Reinvestment Act (ARRA) of 2009 (the so-called “stimulus package”) have enlarged the tax 
credits for PEVs to as much as $7,500 per PEV (see Table 9).

Federal	Fuel	Economy	and	Greenhouse	Gas	Emissions	Standards

In May 2009, the Obama administration issued a joint ruling from the Department of Transportation and the EPA, which 
raised the existing federal Corporate Average Fuel Economy (CAFE) standards and aligned them with new greenhouse 
gas emissions standards. CAFE standards for new cars and light trucks were raised from an industry average of 25 miles 
per gallon in model year 2010 to 35.5 miles per gallon in model year 2016. The EPA GHG regulation compels automakers 
to achieve a 30% reduction in greenhouse gas emissions from new vehicles by 2016.218 The Obama administration has 
announced plans to further tighten these rules for model years 2017 through 2025. 

The strictness of the new mileage standards are similar to what then-President George W. Bush proposed to the Congress 
in his State of the Union address in January 2007. With regard to PEVs, what is notably different about the Obama rules is 
a program of “advanced technology credits” that was not present in Bush’s policies. In particular, the EPA GHG standard 
includes a temporary provision aimed at fostering the initial commercialization of PEVs. The key language states:

 
In this program, manufacturers who produce advanced technology vehicles will be able to assign a zero 
gram per mile CO2 emissions value to the first 200,000 vehicles sold in model years 2012-2016 (for PHEVs, 
the zero gram per mile value applies only to the percentage of miles driven on grid electricity), or 300,000 
vehicles for manufacturers that sell 25,000 vehicles or more in model year 2012. The CO2 emissions 
compliance levels for advanced technology vehicles sold beyond these cumulative vehicle production caps 
will account for the net increase in upstream CO2 emissions relative to a comparable gasoline vehicle. EPA 
will reassess the issue of how to address advanced technology vehicle emissions in future rulemakings for 
MY2017 and beyond, based on the status of their commercialization, upstream GHG control programs, and 
other factors.219
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Table 9.  PEV Provisions of the American Recovery and Reinvestment Act of 2009

Plug-in Electric Drive Vehicle Credit (§1141)  Amount: minimum amount is $2,500 with a top credit of $7,500 depending on battery size (beyond four kWh 
capacity, additional $417 per kWh available).

  Full credit amount will be reduced after the manufacturer has sold 200,000 vehicles. 

  Qualifications: 
•  Newly purchased after December 31, 2009
•  Four or more wheels
•  Gross vehicle weight rating under 14,000 pounds
•  Propulsion system uses battery with at least a four kW capacity that is rechargeable from an external electric 

source 

Plug-in Electric Vehicle Credit (§1142)  Amount: 10% of the cost of the vehicle up to $2,500 for purchases made between February 17, 2009 and January 
1, 2012.

  Qualifications:
 •  Either a low speed electric vehicle that uses at least a four kilowatt hour battery or a two or three-wheeled   

vehicle with an electric motor that uses at least a 2.5 kWh battery 
 •  Taxpayer cannot claim credit if §1141 credit is allowable 

Conversion Kits (§1143)  Amount: 10% of the cost up to $4,000 of converting a vehicle to a qualifying plug-in electric drive motor vehicle. 

  Qualifications:
 • Does not apply to conversions after December 31, 2011
 • Taxpayer can claim credit even if claiming a hybrid vehicle credit for the same vehicle in a previous year

Alternative Fuel Vehicle Refueling   The Energy Policy Act (EPAct) of 2005 (Pub. L. No. 109-58, §1342) provided an income tax credit of 30% of the 
cost of installing new alternative fuel vehicle refueling property at each location by a taxpayer (capped at $30,000 
for business property and $1,000 for residence).

  The ARRA increases the credit from 30% (capped at $30,000 for business property and $1,000 for residence) to   
50% (capped at $50,000 for business property and $2000 for residence) for property placed in service in 2010.

  If the refueling property is acquired by a tax-exempt organization, governmental unit, or a foreign person or entity, 
and the use of that property is described in section 50(b)(3) or (4), the company that sold the fueling equipment 
can claim the tax credit if they provide the customer with written notification of the credit value.

Property Credit

PEV	Infrastructure	and	R&D	Subsidies

Financial assistance for vehicle manufacturers began during the Bush administration and has been expanded by the Obama 
administration through DOE’s Advanced Technology Vehicle Manufacturing Loan Program and the Electric Drive Vehicle 
Battery and Component Manufacturing Initiative. Specifically, in the fall of 2008, Congress appropriated $25 billion in 
manufacturing loans, and DOE responded in June 2009 with $8 billion in loans to Nissan, Ford, and Tesla.220 

The manufacturing loan program was an open and competitive process. Loans were provided to vehicle or component 
manufacturers that increase fuel economy by 25% or more relative to 2005 levels. While Congress did not restrict DOE 
support to PEVs, the initial recipients are all pursuing transport electrification in conjunction with other fuel economy 
enhancements. For example, Ford was loaned $5.9 billion to help retool plants in the Midwest for 13 fuel-efficient models, 
including production of 5,000–10,000 electric cars beginning in 2011. Nissan was loaned $1.6 billion to help build 100,000 
electric cars at a new plant in Smyrna, Tenn., starting in 2013.

In August 2009, the Obama administration took a step further and allocated $2.4 billion in stimulus funds to battery 
technology development, $1.5 billion to manufacturing capacity expansion, $500 million to recycling capacity development 
for lithium batteries, and $400 million for infrastructure concepts (including recharging infrastructure).221 

Under the Electric Drive Vehicle Battery and Component Manufacturing Initiative, DOE used a competitive process to 
select 30 projects involving the manufacturing of batteries and electric drive components. The initiative will lead to more 
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than $4 billion in investments since grant recipients are required to match the government’s contribution. DOE awarded 
about 90% of the $400 million under the Vehicle Electrification Initiative to 11 grant recipients supporting deployment 
and integration projects in dozens of locations nationwide. Funds will help offset the costs of vehicle purchasing and the 
installation  of recharging infrastructure.

 
In April and August of 2009, DOE announced $777 million for Energy Frontier Research Centers over a span of five years.222 
These centers include national laboratories, universities, nonprofit organizations, and private companies. The effort targets 
the acceleration of scientific breakthroughs in a variety of energy technologies that include transportation and electricity 
storage.

 
Later in August 2009, DOE announced awards totaling $300 million in the Clean Cities program: a cost-share program that aims 
to put 9,000 electrified, alternative, and fuel-efficient vehicles on the road. 223 The government-industry partnership matches 
every federal dollar with nearly two from project partners. Eight of the 25 projects fund PEVs or related infrastructure. 

state and local policies224

Many states have introduced their own incentive programs to encourage the production, purchase, and use of electric 
vehicles. The most popular policy instrument used by states is a tax incentive aimed at reducing the incremental cost of 
purchasing an electric vehicle. These incentives can take the form of a rebate, an income tax credit, or a sales tax exemption. 
California, Colorado, Georgia, Illinois, Louisiana, Maryland, New Jersey, Oregon, Oklahoma, South Carolina, Utah, and 
Washington have incentives that range from a $750 income tax credit (Utah) to a rebate of up to $20,000 for commercial 
PEVs (California). Recently, Tennessee also announced a rebate of $2,500 on the first 1,000 PEVs sold in the state.225 New 
Jersey and Washington offer state sales tax exemptions for BEVs, a policy that DOE models suggest is quite effective at 
stimulating sales of BEVs.226 Washington offers PHEVs a more modest exemption from its 0.3% motor vehicle tax. 

Montana has chosen to offer a tax incentive of $500 for the conversion of a vehicle to run on electricity, but has not added 
any incentives for the purchase of a new electric vehicle. Similarly, Florida has used stimulus money to fund the conversion 
of 100 Priuses to run on electricity. Utah offers a larger tax credit for those who convert their existing vehicle than for those 
who buy a new electric vehicle ($2,500 compared to $750). Georgia, Illinois, Louisiana, and Oregon offer conversion tax 
credits of equal or lesser value compared to the tax credits they offer for vehicle purchase. 

Another popular option for states is policy that encourages manufacturing of PEVs or their batteries in the state. Implemented 
by Indiana, Michigan, Louisiana, New Mexico, Oklahoma, South Carolina, and Pennsylvania, these policies include property 
tax exemptions, tax credits for purchasing manufacturing equipment, and tax credits based on kilowatt hours of battery 
capacity produced. Several of these credits are not specifically targeted to promote PEVs, but apply to the manufacture of 
all alternative fuel vehicles. Other states, mainly in the Midwest and Plains states, have alternative fuel credits, but exclude 
electricity from their definition of “alternative fuels.” A related option is to provide incentives or grants for R&D to improve 
PEV technology, such as those now in place in Michigan, Vermont, California, and Wisconsin.

Several states have chosen to subsidize recharging infrastructure for PEVs, both at home and on the go. Arizona provides 
a $75 tax credit for the installation of home recharging outlets. Colorado provides recharging infrastructure grants to local 
governments based on the municipality’s energy efficiency record, and Virginia has a similar program. Louisiana offers a 
tax credit for 50% of the cost of constructing an alternative fueling station. 

Washington, in particular, has developed a suite of infrastructure policies that strongly encourage PEV use. Washington 
sales and use taxes do not apply to labor and services for installing, repairing, altering, or improving PEV infrastructure (the 
same exemption applies to batteries) or to the sale of property to be used for PEV infrastructure. All regional transportation 
planning organizations that encompass a county with a population of 1 million or more must collaborate with state and 
local governments to invest in PEV infrastructure and promote PEV use generally. Additionally, the state must provide PEV 

50     Plug-in Electric Vehicles:



recharging infrastructure at all state rest stops and fleet parking and maintenance facilities by 2015. Local governments are 
required to develop regulations that allow the installation of PEV infrastructure, contingent on federal funding. Washington 
allows leasing of state land for Better Place-style battery-switching stations for 50 years and exempts these stations from 
certain environmental regulations. 

States have also adopted policies to ease or reduce the auxiliary costs and inconveniences of driving a car powered by 
electricity. Arizona has reduced the license fee for BEVs and some PHEVs. Florida provides PEV owners with exemptions 
from most insurance surcharges. Washington exempts PEVs from emissions inspection requirements. An especially common 
practice is to allow single-rider PEVs to occupy HOV lanes—Virginia, Maryland, and California are among the states to 
adopt this policy. Delaware has a unique approach to offsetting costs of a PEV: it has passed a law requiring that PEV owners 
be credited for electricity provided to the grid by the car battery at the same rate that the owner is charged for electricity 
use. 

Finally, states have opted to provide grants and loans to local governments for various activities that will promote use of 
PEVs. These activities include electrifying school buses, purchasing PEVs for municipal fleets, and installing recharging 
infrastructure.

Local governments are also working to encourage their residents to purchase PEVs. The City of Austin’s public utility 
provides a rebate of $150–$500 to customers who buy an electric car, scooter, bicycle, or motorcycle.227 The City of Portland 
has adopted a strategic plan for PEVs, which includes streamlining electrical permitting, providing consistent signage for 
recharging points, making the municipal fleet more sustainable, and providing PEV recharging for homes without garages.228 
New York City provides grants to private firms and nonprofit groups for up to 50% of the incremental cost of purchasing 
a PEV. Houston has a similar program for governmental or private firms, and Dallas has a grant program for reducing taxi 
emissions. The City of New Haven, Conn. provides free parking on city streets to all alternative fuel vehicles. Washington, 
D.C. exempts all vehicles that achieve more than 40 miles per gallon from the excise tax imposed on an original certificate 
of title, while the town of Warren, R.I. allows excise tax exemptions of up to $100 for qualified alternative fuel vehicles 
registered in the town. This sampling of local initiatives reveals that PEV promotion policies can be found at all levels of 
government (see Figure 4).

State and local policies receive less national attention than presidential executive orders or new legislation from Congress. 
Nevertheless, state and local actions can have significant impacts. Compliance with California’s ZEV mandate, all by itself, 
is projected to compel industry to produce at least 58,000 PEVs per year by 2016.229 In addition, when state rebates are 
combined with the federal tax credit, the affordability of a PEV improves markedly. 

an international perspective on policy

Virtually all developed countries as well as China and India are instituting policies to stimulate production of PEVs. These 
policies include investment in R&D, subsidies for vehicle purchase, recharging infrastructure improvements, deployment 
initiatives, technology-specific and technology-neutral policies, and programs that help promote the growth of domestic 
PEV industries and/or achieve broader environmental goals. 

International	Transportation	Contingencies

Two major factors affecting global demand for PEVs are gasoline prices and public transportation, Figure 5 shows trends in 
gasoline prices in major world cities in June 2010. Figure 6 compares national average retail gasoline prices for countries 
in Western Europe and the U.S. since 1996. By and large, gasoline price behavior has exhibited similar trends across these 
places. Retail gasoline prices had little fluctuation through 2001, dropped in the worldwide recession in 2001-03, then rose 
steadily again until the worldwide recession of 2008. After that collapse, prices have begun to rise again. 
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Figure 4.  State Laws and Regulations Affecting PEVs

Source: The Pew Center on Global Climate Change. Plug-in Electric Vehicles. Accessed December 5, 2010. Available from: http://www.pewclimate.org/what_s_be-
ing_done/in_the_states/plug_-_in_electric_vehicles

Fleet Vehicle Acquisition Req (FVAR)
Financial Incentives (FI)
FI & FVAR
FI & Preferred Roadway & Parking Access

High gasoline prices are likely to increase PEV demand and encourage production, especially if prices surpass a threshold 
point where the purchase premium for PEVs is fully offset by the savings due to the lower costs of electricity. Worldwide 
demand for petroleum and crude oil products continues to increase, while the supply of fossil fuels is finite and remaining 
supplies are located in places that can be difficult to access. On the other hand, the efficiency of fossil fuel use continues 
to improve, and major improvements to the internal combusion engine are expected to protect consumers somewhat from 
unexpected increases in gasoline prices. Higher gasoline taxes have been recommended by many experts, but they are 
difficult to pass in elected legislatures. Gasoline taxes are already high in Europe and are generally considered too politically 
unpopular to increase in the United States.230 Furthermore, much of the funding for transportation in countries comes from 
the gasoline tax, and increasing PEV use would result in decreasing tax revenues for governments. 

The effect of mass transit systems on the PEV industry is more difficult to predict. The use of public transportation and PEVs 
might be competitive with one another, particularly among choice riders of transit who live in dense urban settings and are 
environmentally conscious. These travelers may prefer the flexibility of PEVs over the rigid timetables and routes of public 
transit. There is an opposite line of argument that mass transit users are from an entirely different population. Many people 
use mass transit because they cannot afford vehicle ownership and operation and are even less likely to pay the expected 
initial price premiums for PEVs.

Mass transit availability varies widely across the globe. In the United States, mass transit operates as a limited social 
service in most cities outside of the West and East Coasts. Some cities have instituted ambitious plans to reinvigorate 
mass transit, usually in the form of light rail, and encourage transit-oriented development. While these systems have often 
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Figure 5: Average Gasoline Prices in Major World Cities, 30 June 2010

Adapted from Lewis, L. July 22, 2010. Gas Prices Around the World: What It Costs to Fill ’Er Up. DailyFinance. 
Available from: http://www.dailyfinance.com/story/gas-prices-around-the-world/19543148/

been successful, they are limited 
in scope,231 and the overwhelming 
majority of transportation trips in the 
United States remain in passenger 
vehicles.232   

The most advanced transit 
environments in the world are in 
European countries and Japan. In 
these countries, transit accessibility is 
very high and in some places exceeds 
automobile accessibility. These 
countries also lack the social stigma 
and negative attitude toward transit 
that is found in the United States. 
Nonetheless, automobile ownership 
and use have been increasing for two 
decades in Europe at rates similar to 
that in the United States.233 China and 
India are not yet dependent upon the 
automobile, but offer less advanced 
forms of mass transit. China is 
steadily building a national high-
speed rail network and expanding 
fixed route urban transit systems; but 
both countries are still highly reliant 
on motorbus and small-vehicle public 

transit. Despite the interest in alternatives to cars, the demand for automobiles in China and India is booming. Walking and 
bicycling are also much more common outside the United States and are used for some of the short-haul trips for which 
PEVs are potentially targeted. 

European	Union	Policies

Despite the popular impression of Europe as a green, non-automotive transport environment, motor vehicles constitute a 
significant portion of travel across the continent. The transportation sector is responsible for 19% of greenhouse gas and 
28% of CO2 emissions in the EU, of which 90% is attributed to road transportation. Since 1995, car ownership has increased 
by 22% and auto use by 18%. Not surprisingly, CO2 emissions from the automotive transportation sector are up 27% since 
1990.234 

The EU recently required that 10% of transportation fuels come from renewable sources by 2020.235 The prevailing view is 
that any new electricity demand should not be met by fossil fuels. Biofuels are viewed as a vital component of renewable 
fuel targets, but there are concerns over the net greenhouse gas emission savings from biofuel sources and the impact 
on deforestation and farmland. Nuclear energy, after being shunned by most countries for several decades (France is a 
notable exception), is increasingly being seen as a potentially viable clean generator of electricity. Sweden and Germany are 
beginning to reconsider the future of nuclear power plants in their nations’ power systems.236 

A significant incentive for the adoption of PEVs in EU member states comes from the high taxes on fuel. While the U.S. 
federal gasoline tax has rested at a flat rate of $0.184 per gallon (before state taxes—which vary widely—are added), 237 in 
European countries up to 75% of the cost of gasoline is made up of taxes.238 PEVs are currently excluded from this tax. Thus, 
EU fuel taxes represent a dramatic cost incentive for PEVs, much more so than in the United States. 
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Figure 6: Gasoline prices of US and Selected Western European Countries, 1996 to 2011*

*Adapted from Weekly Retail Premium Gas Prices. Energy Information Administration. Available from: www.eia.doe.gov/emeu/international/gas1.xls

There are concerns among environmental groups and activists in Europe over the alleged bias of policymakers toward 
adoption of PEVs. Many see the EU’s preference for vehicle ownership and driving as unsustainable and would prefer to 
see continued initiatives for managing land use and investing in public transportation, walking, and biking infrastructure. 
There is concern that the adoption of PEVs will lead to net increases in certain sectors of energy consumption that will only 
exacerbate existing pressures on the environment. 

Generally, EU policy incorporates PEVs as a component of a larger scheme to meet EU targets for reducing CO2 emissions 
20% by 2020. Vehicle manufacturers are required to limit average CO2 emissions to no more than 130 g/km.239 Added to this 
minimum is a “limit value curve” that determines allowable emissions by car tonnage. This policy design gives additional 
leeway to manufacturers who produce a heavier fleet of vehicles. Policy updates are requiring automobile manufacturers to 
produce gradually increasing proportions of their fleet below the 130 g/km figure, reaching 100% of vehicles produced by 
2015.240 

Recent EU transport policies emanate from the Green Car Initiative, which is a component of the European Economic 
Recovery Plan of November 2008.241 It provides for €1 billion (~$1.3 billion U.S.) in R&D for “greening” road transportation 
plus an additional €4 billion (~$5.3 billion U.S.) in European Investment Bank (EIB) loans for technological innovation.242 
The initiative also calls for the introduction of demand-side measures to reduce GHGs and public procurement policies to 
stimulate production and sale of low-CO2-emission vehicles. The scope of research and procurement includes BEV and 
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PHEV batteries, engines, recharging systems, and grid infrastructure for both passenger cars and trucks. It also supports 
greener internal combusion engines, bio-methane, hydrogen, and fuel cells.243

The Spanish Presidency of the Council of the EU (January–June 2010) identified electrification as the key approach to de-
carbonizing road transportation. The European Commission established a vision of de-carbonizing the European energy 
system by 80% by 2050 and ending oil dependence for the transportation sector through its Second Strategic Energy 
Review.244 Support for this vision comes from the Strategic Energy Technology (SET) Plan, which includes urban mobility 
projects that focus on transport electrification. 

The EU’s technological and industrial arms have a roadmap in place for industry to produce five million PEVs in the EU 
and for annual sales to reach 1.5 million vehicles by 2020. To reach these targets, the SET Plan identified infrastructure 
and market development as key supporting policies. The EU is moving to standardize the recharging mechanisms for 
batteries and stations across all member states by 2017. The EU is also allocating monies for adoption incentives and public 
procurement of PEVs to help develop a critical mass of market demand that would otherwise be impractical for member 
states to achieve on their own.245 However, there is no EU-wide monetary incentive to purchase a PEV similar to the $7,500 
tax credit in the United States. Table 10 summarizes EU policy directions.

The “deployment community” approach to test the rollout and feasibility of PEVs is also a centerpiece of EU policy. Starting 
in 2011, the European Commission will launch “e-mobility” demonstrations in Barcelona, Berlin, Bornholm, Copenhagen, 
Cork, Dublin, Karlsruhe/Stuttgart, Madrid, Malaga, Malmo, Pisa, Rome, and Strasbourg. Each demonstration is small (10–
3,000 PEVs, 50–4,000 recharging spots) but some have DC fast-charging stations, smart grid features, battery-switching 
schemes, and billing systems.246 Thus, while the EU has appeared to be more technology-neutral than the United States, the 
EU is gradually adopting more PEV-specific policies.

EU	Member-State	Policies247

Initiatives from EU member states generally fall into one of several categories: infrastructure support, monetary and 
regulatory incentives for market adoption, public procurement of the vehicles, R&D subsidies, and domestic and international 

Table 10: EU Policies Toward PEVs

   Policy Categories                                                                             Policies and Initiatives

Regulation Manufacturers fleet average of 130 g/km CO2 emissions with adjustments based on vehicle weight
 65% of fleet by 2012
 75% of fleet by 2013
 80% of fleet by 2014
 100% of fleet by 2015

Monetary Incentives Registration tax reductions for low-carbon vehicles 
 Circulation tax reductions for low-carbon vehicles

Public Procurement Encourage public procurement of low-carbon vehicles

Infrastructure Mandate for standardized recharging stations throughout EU through 2017

Research 500 million funding for research 
 500 million matching from industry and EU member states
 4 billion in additional EIB loans for industry innovation
 PEV and hybrid cars target of Green Car Initiative funded research
 SET Plan focus on accelerated development and deployment of low-carbon technologies

Summarized from:  Green cars initiative. European Commission: Research and Innovation—Transport. Accessed January 17, 2011. Available from:  http://ec.europa.
eu/research/transport/info/green_cars_initiative_en.html

A Practical Plan for Progress     55



standardization of key technological components. Most regulations focus on CO2 emissions measured in grams per kilometer 
emitted from the vehicle, and fees on these are levied at the collection of registration and circulation (excise or licensing) 
taxes. Rather than a national distribution of vehicles, incentives, and recharging centers, most policies seem to focus on 
testing these vehicles in selected urban areas. 

Many countries have also established national targets for PEV production. These are summarized in Table 11. BEV and 
PHEV goals of EU member states add up to over 2.5 million new vehicles by 2020, approximately a 15% market share. 

State-level policies are widespread in Europe, and a summary of initiatives appears in Table 12. Key alliances between the 
PEV industry and member-state policies are found in France, Germany, Portugal, and the UK. France has deployed several 
policies to encourage development and adoption of PEVs. The government has announced plans to purchase 50,000 PEVs.248 
The French government has worked closely with the Renault–Nissan partnership to fund and develop PEV technology and 
has committed €900 million (~$1.2 billion U.S.) for recharging infrastructure.249 For consumer adoption, the first 100,000 
passenger and light-commercial vehicles classified as “green,” which would be comprised largely of PEVs, are eligible for 
a €5,000 (~$6,700 U.S.) credit through 2012.250 The tax on company cars has also been modified to account for emissions 
levels of the vehicle, implicitly favoring PEVs. 

The administration of German Chancellor Angela 
Merkel has recently rolled out a National Electromobility 
Development Plan for the incorporation of PEV 
production into the German economy. This plan largely 
focuses on R&D, and on establishing an understanding 
of market dynamics for the vehicles.251 Nearly €1 billion 
(~$1.3 billion U.S.) is being contributed by the German 
government, either directly or in association with industry 
consortiums, toward PEV R&D, demonstration projects, 
and battery development. Germany is launching its own 
“e-mobility” demonstration program with a different focus 
in each of the participating regions: Hamburg, Oldenburg, 
Rhein-Ruhr, Rhein-Main, Stuttgart, Munich, Dresden, 
Leipzig, and Potsdam/Berlin. About 2,600 vehicles from 
30 manufacturers, including 2,500 recharging spots, are 
part of the effort.252 Car tax policies have been modified to 
favor PEVs with exemption from the emissions tax for five 
years, and all cars categorized as “green” are permanently 
exempt from the tax. But these tax breaks are quite small 
compared to the large PEV purchase incentives now in 
place in the United States and France.253

The United Kingdom has deployed an array of policies to 
both encourage vehicle adoption and to stimulate economic 
growth through industrial development and location. 
PEVs are exempt from the circulation tax and parking 
fees in London, Manchester, and Richmond. They are also 
exempt from the congestion charge in central London.254 
For two years ending in 2012, a subsidy of up to £5,000 
(~$7,900 U.S.) is available for the purchase of a PEV.255 
The government has further planned the implementation 

Denmark

Germany

Netherlands

United Kingdom

Ireland

Table 11: PEV Production Targets in EU Member States
 
      Country          Target        Technology        Date

 100,000 PEV and HEV 2012

 200,000 PEV and HEV 2020

France 2,000,000 PEV and HEV 2020

 1,000,000 PEV 2020

 5,000,000 PEV 2030

 350,000 PEV and HEV 2020

 40% Market Share PEV and HEV 2030

 10,000 PEV and HEV 2015

 200,000
 (100% stock) PEV and HEV 2040

Spain 1,000,000 PEV and HEV 2014

Sweden 600,000 PEV and HEV 2020

Switzerland 145,000 PEV and HEV 2020

 1,200,000 BEV 2020

 350,000 PHEV 2020

 3,300,000 BEV 2030

 7,900,000 PHEV 2030

Adapted from: Hacker, F., Harthan, R., Matthes, F., and Zimmer, W. 2009. 
“Environmental impacts and impact on the electricity market of a large scale 
introduction of electric cars in Europe: Critical Review of Literature.”  ETC/ACC 
Technical Paper 2009/4, July 2009.  European Topic Centre on Air and Climate 
Change. Brussels.
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Table 12: EU Member-State Policies Toward PEV

 Location         Policy Instruments                              Policies and Initiatives Status

Austria Monetary incentives CO
2 based fuel consumption tax (> 160 g/km)

	 	 €500 credit for purchasing alternative fuel vehicle In place

  Electric car mobility card, car leasing, maintenance, and free recharging  Pilot projects

 Research E-connected initiative to link stakeholders and share information In place

Belgium Monetary incentives 15% purchase price reduction up to 4,540 for green car (< 105 g/km) In place
  3% purchase price reduction up to  €850 for 105 <> 115 g/km In place

  Wallonia: up to €1,000 bonus for cars < 105 g/km In place
  Wallonia: up to €1,000 penalty for cars > 195 g/km In place 

 Public procurement Wallonia: €2 million to buy PEVs for municipalities In place

Cyprus Monetary incentives 30% reduction in registration tax for green car (<120 g/km) In place

  15% reduction in annual circulation tax for green cars (<150 g/km)  In place

  €683 credit for purchase of new PEVs  In place

Denmark Monetary incentives Clean cars free of all taxes (180% registration tax, 25% VAT) Planned

  Free parking for PEVs In place

  PEVs free from registration tax In place

 Infrastructure €100 million to increase recharging speed and accessibility
  Cooperation between Danish energy corporation DONG and Better Place Planned

 Research €5.6 million to integrate recharging PEVs with wind power generation In place

 Public procurement €4 million PEV fleet trial program In place

France Monetary incentives €5,000 credit for first 100,000 purchased green passenger cars and light-commercial vehicles 
  (< 60 g/km) through 2012 In place

  Progressive company car tax: low of €2 per gram emitted < 100 g/km to high of €19 per gram 
  emitted > 250 g/km In place

  Free parking spaces for PEVs  Planned

 Public procurement 5,000 HEVs and PEVs In place

  50,000 PEVs for fleet use Committed

 Standardization National recharging network set-up   In place

 Research  €400 million fund for R&D and demonstration projects for vehicle development and recharging infrastructure Committed

Germany Monetary incentives €500 million program to support pilot projects, research, development of battery technology and vehicles  Committed

  €60 million (additional €360 mil¬lion by industry consortium) R&D for lithium-ion batteries  Committed

  Linear tax of €2 per 1g/km  In place
  Green cars exempt (< 120 g/km)  In place
  PEVs five years no tax  In place

 Infrastructure Recharging stations in Berlin and other “e-mobility” cities In place

 Standardization Common standard for plug  Planned

Greece Monetary incentives No car registration or road tax for PEVs and HEVs In place

 Non-monetary Incentives Exclusion of circulation restriction  In place

Ireland Monetary incentives Progressive vehicle registration tax: low 14% for cars < 120 g/km to high of 36% for cars > 225 g/km  In place

  €2,500 tax credit for hybrid and flexible fuel vehicles  In place
  Exemption from registration tax for PEV through 2010 In place

  Progressive circulation tax: low €104 for cars < 120 g/km to €2,100 for cars > 225 g/km In place
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Location         Policy Categories                              Policies and Initiatives Status

Italy Infrastructure 670 public and private recharging stations In place

 Public procurement 100 PEVs in Rome, Milan, and Pisa In place

Norway Monetary incentives Exemption from car registration tax, VAT and annual car tax for PEVs In place

  Exemption from parking fees and congestion charges for PEVs In place

  Free use of bus lanes and ferryboats b/t national roads for PEVs In place

Portugal Monetary incentives PEVs are exempt from circulation and registration tax
	 	 €1,000 maximum credit for purchasing green car (< 140 g/km) In place

 Infrastructure 320 recharging stations by 2010 Planned
  1,300 recharging stations by 2011  Planned

Spain Monetary incentives 15% rebate at purchase of an PEV or HEV In place

  Progressive registration tax: < 120 g/km exempt; 121 <>160 g/km 4.75%, 161 <> 200 g/km 9.75%, 
  > 200 g/km 14.75%  In place

 Infrastructure 500 recharging stations In place

 Public procurement 2000 PEVs In place

Sweden Monetary incentives SEK 10,000 credit for PEV and HEV purchase In place

  Progressive circulation tax: SEK 15 per g/km above 100 g/km, sum multiplied by 3.15 to 3.3 
  for diesel cars
  SEK 10 per g/km above g/km for alternative fuel vehicles In place

  Exemption from congestion charge in Stockholm for PEV and hybrid In place

 Infrastructure €1.5 million investment in recharging infrastructure  In place

  500 recharging points  Planned

 Monetary incentives Progressive circulation tax: low of £0 at 100 g/km, high of £400 at > 225 g/km In place

  Exemption from parking fees in London for alternative fueled vehicles In place
  Parking fees and permits tied to vehicles emission level  In place
  Exemption from parking fees in Richmond and Manchester for EV In place

  No congestion charge in London  In place
  £2,000 to £5,000 subsidy for PEV purchase 2011-2012 In place
  £250 million plan to promote low carbon transportation for 2010-2015 Committed

 Public procurement £20 million procurement program of low-carbon vehicles Planned 
  100 PEVs launched in urban areas Planned

 Infrastructure 25,000 recharging points in London  Planned

  Dedicated bays for car club PEVs in London 
  £20 million for infrastructure (and technology research) Planned

 Standardization Support development of standards for recharging infrastructure  Committed

 International collaboration Develop international standards for recharging infrastructure  Committed

 Research £350 million for demonstration projects, research  Committed

Table adapted from Hacker, F., Harthan, R., Matthes, F., and Zimmer, W. 2009. “Environmental impacts and impact on the electricity market of a large scale introduction 
of electric cars in Europe: Critical Review of Literature,” ETC/ACC Technical Paper 2009/4, July 2009. European Topic Centre on Air and Climate Change. Brussels.  
Updated from EurActiv, June 30, 2010. EU mandates standard plug for electric cars. Available from: http://www.euractiv.com/en/transportation/eu-mandates-
standard-plug-electric-cars-news-495754. 

AND Loveday, E.,May 3, 2010. French government announces plans to order 50,000 electric vehicles, offers incentives to buyers. AutoBlogGreen. Available from:  
http://green.autoblog.com/2010/05/03/french-government-announces-plans-to-order-50-000-electric-vehic/.  

AND IDC Energy Insights. July 6, 2010. New Italian Regulation Will Help Electric Vehicle Development, IDC Energy Insights Says. Available from: http://www.idc-
ei.com/getdoc.jsp?containerId=prIT22409910&sessionId=

Table 12 (cont’d): EU Member-State Policies Toward PEV

United 
Kingdom
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of 25,000 recharging points in London by 2015256 and the procurement of £20 million (~$30 million U.S.) in low-carbon 
vehicles for government fleet use.257 The UK is partnering with Nissan to establish a production plant and testing sites for 
low-carbon vehicles and is lobbying to have the LEAF manufacturing operations headquartered in Sunderland.258

PEVs in Portugal are encouraged through exemption from road taxes,259 and the first 5,000 purchasers of a PEV will receive 
a €5,000 subsidy (~$6,500 U.S.).260 Portugal is also in the process of making public access to recharging stations widespread 
with 1,300 recharging stations to be completed by the end of 2011. The end goal is to have the first standardized, nationwide 
recharging infrastructure in Europe.261 Like the UK, Portugal is partnering with Nissan to establish production plants for the 
LEAF and other cars in the country.262

China

China’s 1.4 billion citizens are currently driving only 30 million vehicles, which makes the rapidly developing country the 
world’s largest untapped automobile market.263 China’s status as the automobile market of the future was further cemented 
when it recently passed the United States in annual new automobile sales.* The central government favors motorization of 
society as a vital aspect to development and likewise views the vehicle market as a fertile one that Chinese manufacaturers 
have yet to penetrate. State control over private sector direction and energy supply, including fuel prices at the pump, makes 
China a very different environment for PEV innovation than the EU or the United States. 

China’s home-grown automakers lag significantly behind the rest of the world in their ability to produce quality petroleum-
fueled vehicles. Chinese officials view any attempt to innovate in the traditional automobile market as futile as it could never 
hope to gain a technological advantage over its seasoned foreign competitors. Consequently, innovation into the new market 
of PEVs represents the best opportunity for Chinese companies to compete in the worldwide automobile market, which 
currently lacks any dominant PEV producers. Additional motivations for PEV development include energy independence 
and urban air pollution mitigation. Domestic petroleum production in China appears to have peaked. While 75% of electricity 
production is from coal-burning plants, the central government of China feels the removal of auto emissions from gasoline-
powered vehicles has the potential to reduce the severe air pollution within its fast-growing cities.264 

The Chinese Ministry of Industry and Information Technology is currently preparing a 10-year plan to become the worldwide 
leader in the PEV market. 265 This plan includes building between three to five automobile companies and two to three battery 
companies into major competitors in their markets, where China currently lacks any such penetration.** Components of this 
plan include short-term national production goals for 500,000 to one million energy-efficient vehicles by 2015. By 2020, 
there are expectations for the production and deployment of five million BEVs, PHEVs, and other alternative fuel vehicles, 
and an additional 15 million HEVs. The combined 20 million passenger vehicles represents a 10% market share of Beijing’s 
expected 200 million passenger cars in China by the end of the decade.*** 

Beijing has also announced a 100 billion Yuan (~$14 billion U.S.) program to subsidize and encourage the development and 
adoption of PEVs and alternative fuel vehicles in China. 266 This program includes commercialization of more fuel-efficient 
powertrains; demonstration programs; infrastructure for alternative vehicles; incentives for the purchase of green vehicles; 
and funding directly to vehicle, electric motor, and battery manufacturers. 

As in the United Kingdom and Japan, a primary component of the initiative is a pilot program for subsidization of the 
purchase of PEVs. Five cities have been selected for the program: Hefei (population: 5 million), Changchun (7.7 million), 

*Lewis, L. January 12, 2010. “China passes U.S. as worlds’ biggest car market.” The	Sunday	Times. Available from: http://business.timesonline.co.uk/
tol/business/industry_sectors/transport/article 6984166.exe

**Shirouzu, N. September 16, 2010. “China Spooks Auto Makers.” The	Wall	Street	Journal. Available from: http://online.wsj.com/article/SB1000142
4052748704394704575495480368918268.html?KEYWORDS=china+electric+vehicle+policy  
***People’s Daily Online. China’s	auto	ownership	 is	 expected	 to	 exceed	200	million	 in	2020. September 6, 2010. Available from: http://english.
peopledaily.com.on/90001/90778/90860/7131189.html
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Hangzhou (8.1 million), Shenzhen (8.9 million), and Shanghai (23.2 million). Under the program, up to 60,000 Yuan 
(~$8,800 U.S.) is available toward the purchase of a BEV, 50,000 Yuan (~ $7,600 U.S.) for a PHEV, and 3,000 Yuan (~$460 
U.S.) for an HEV or a conventional gasoline vehicle with an engine smaller that 1.6 L in cubic displacement.267 Unlike 
many purchase rebate policies, here the rebate goes to the vehicle manufacturer, who then reduces the cost of the car sold 
by the size of the rebate. The manufacturer’s purchase subsidy is subject to downscaling once the manufacturer’s annual 
production capacity reaches 50,000 PEVs.268 

In addition to the national subsidy program, three of the pilot cities are offering further incentives for the purchase of PEVs. 
Shanghai is offering a reduction of 40,000–60,000 Yuan (~$6,000–$9,100 U.S.) off the purchase price, while Shenzhen 
residents are eligible for a subsidy of 30,000 Yuan (~$4,600) for a PHEV and 60,000 Yuan (~$9,100 U.S.) for a BEV.269 
Residents of Jilin, the province where Changchun is located, are eligible for a 40,000 Yuan (~$6,000 U.S.) reduction for 
purchase of a PEV.270 

The central government is also funding the construction of recharging infrastructure and has ordered its electric utility and 
grid companies to prepare for the integration of the target number of PEVs into electric demand. Four thousand recharging 
stations are targeted for construcion by the year 2015 and 10,000 by the year 2020.271 The recharging infrastructure and 
battery mechanisms are being developed in conjunction with the state’s oil companies, who view the PEV and battery 
industry as a new business opportunity for a state that imports more than 50% of the crude oil it consumes.272 Public 
transportation is additionally seen as a focus for conversion to electric and alternative energy as well, with a pilot program 
for clean energy public transportation vehicles targeted for 20 cities.

Another key component of China’s development of PEVs is international collaboration. In late 2009, the United States 
and China announced a joint PEVs initiative, designed to stimulate the exchange of technological advancement between 
the two countries.273 The initiative calls for joint development of common design standards for plugs and test protocols for 
batteries. Also planned are joint demonstrations of PEV programs in at least 12 cities in the two countries to collect and 
share data on recharging patterns, driving experiences, grid integration, and consumer preferences. The initiative proposes 
the creation of a joint taskforce, which will produce a multi-year roadmap to guide R&D needs and pinpoint key issues 
in manufacturing, introduction, and use. The roadmap is designed to be a living document, regularly updated to reflect 
technological advancement and marketplace evolution. In addition, the first “U.S.–China Electric Vehicles Forum” will 
become an annual event with the host alternating between the two countries to facilitate the meeting of key stakeholders, 
information sharing, and development of new arenas for the exchange of best practices.274 

Despite significant advancements in PEVs, obstacles to their adoption in China remain. One of these has been Chinese 
influence over domestic oil and gasoline prices. China has long controlled domestic gasoline prices through regulation 
of state-owned petroleum refining and gasoline distribution companies. This has resulted in an artificially low price of 
gasoline for consumers, which encourages consumption and development. However, the changing dynamics of automobile 
production and ownership have also meant changes in China’s energy policy. 

Recent policy changes include the adoption of a new fuel pricing system to mitigate the effects of increased integration 
between Chinese and worldwide production and consumption of petroleum. Policy was introduced in December 2008 to 
make Chinese oil and gasoline prices in line with worldwide retail prices. This was done with the introduction of a formula 
used to alter prices set by the National Development and Reform Commission of China to make adjustments to the retail 
price of gasoline whenever a baseline set of international crude oil prices change by more than 4% over the course of 22 
consecutive working days.275 The pricing structure includes a cap at $80 per barrel, where the formula may be modified or 
the retail price of gasoline left alone.276 This structure has resulted in 10 fuel price adjustments between December 2008 and 
May 2010, and a notable increase in gasoline prices paid by automobile users, as seen in Figure 7.277 

The pricing policy was partly motivated by the global recession in 2008, when the international crude price skyrocketed. 
This caused refiners to cease production, so as not to sell at a loss, and created a shortage in supply that further disrupted 
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Figure 7: China – Pump Price for Gasoline (U.S. Dollar per Liter)

Source: Data from TradingEconomics.com. Available from: http://www.tradingeconomics.
com/china/pump-price-for-diesel-fuel-us-dollar-per-liter-wb-data.html

the market. China is also concerned about 
mitigating potential inflation in its currency 
and sees energy price manipulation as a way 
to control the value of the Yuan. 278

An additional component of the oil 
pricing reform is a change in the source of 
transportation revenues, which previously 
came from fees collected from local 
authorities. These have been replaced with 
a consumption tax and a value-added tax for 
gasoline and diesel. There are also carbon 
taxes levied in 13 western provinces to help 
narrow income gaps between that region and 
the coastal provinces.279 The policy change 
is also expected to increase tax revenues 

from transportation to mitigate travel demand and to collect revenue with which to finance other transportation initiatives.

International collaboration with China may face roadblocks. The proposed 10-year plan contains a requirement that foreign 
companies wishing to sell PEVs in China engage in technology-sharing if they produce components in China (which 
would be a virtual certainty in the PEV market). The specifics call for these companies to form joint ventures with Chinese 
counterparts and cap foreign ownership in these ventures at 49%. This would give Chinese companies access to foreign 
technological innovations that would otherwise be the exclusive property of the patent-holding innovators.280 This proposal 
is similar to other trade, currency, and technological standards set by China in an effort to motivate indigenous innovation 
of industry. In effect, state controls are being used to gain access foreign intellectual property and to position Chinese 
companies at a competitive advantage. 

The potential consequences of Chinese companies capturing the PEV market have major implications for worldwide 
automobile production. China currently has more than 100 automotive companies281 and Chinese designs for its economy 
and society involve both the motorization of Chinese citizens in Chinese-produced PEVs as well as the exporting of those 
PEVs to consumers internationally. China, which is currently limited in domestic and international battery production and 
small in automobile production, is positioning itself at the forefront of those industries. 

Japan

Japan has a relatively long history of government support for alternative-energy vehicles, dating back to a leasing program 
for local governments and private businesses that began in 1978. Japanese policies include subsidies, public procurement, 
R&D grants, demonstration programs, tax incentives, regulation, standardization, and public education. In 1997, national 
targets were set for 200,000 PEVs, 1.8 million HEVs, and 1 million CNG vehicles by 2010.282 The Ministry of Economy, 
Trade, and Industry in Japan has since updated these goals with aggressive targets of 50% of all new domestic vehicle sales 
in 2020 to be from electric and conventional hybrid models.283 

Japan began using public procurement policies for PEVs in 1998. Since then, the national government has steadily replaced 
the national fleet of 7,000 civilian vehicles with PEVs and low-pollution vehicles. The recent recession has stimulated 
recent initiatives to further facilitate the production and adoption of PEVs. Japan recently completed a program designed to 
incentivize the replacement of older vehicles with newer, greener models, including PEVs. The program ran from mid-2009 
to mid-2010 and offered a rebate of up to 250,000 Yen (~$2,700 U.S.) when trading in a car that was more than 13 years old 
for the purchase of a PEV, other alternative-energy vehicle, or a high-efficiency vehicle.284 Also offered under the program 
was a 125,000 Yen (~$1,500 U.S.) rebate with no trade-in on the purchase of any new PEV, other alternative-energy vehicle, 
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or high-efficiency vehicle.284 Also offered under the program was a 125,000 Yen (~$1,500 U.S.) rebate with no trade-in 
on the purchase of any new PEV, other alternative-energy vehicle, or high-efficieny vehicle. Under a three-year program 
from mid-2009 through mid-2012, PEVs and HEVs are exempt from the country’s sales tax and the annual operating tax 
(quantified by the weight of the vehicle). Low-emission vehicles and mini-cars also receive a tax rebate of 75%.

Japan is also working to develop infrastructure for recharging stations, and battery-switching appears to have gained greater 
traction here than elsewhere. A pilot program organized through Better Place and the Economic Ministry of Japan has been 
running battery swaps in taxis since April, and the trial period was recently extended.285 In 2010, Japan has also invested 
approximately $140 million in recharging infrastructure. 

South	Korea

South Korea has become a major player in the battery market, with domestic companies Samsung and LG holding 38% 
of the world market share. South Korea seeks to further establish itself in this market with enhanced domestic production 
of component technology and parts. The recently announced Battery 2020 Project allots $12.5 billion for battery R&D to 
increase the percentage of domestically manufactured component parts from 20% to 75%.286

 
Despite wielding significant influence in the battery world, South Korea has, until recently, had limited utility for PEVs. BEVs 
have been banned in South Korea on safety grounds, and alternative-energy vehicles were focused on hybrid technology. The 
ban is being replaced with policies to instigate further R&D and to stimulate consumer demand for all kinds of PEVs.287 

The overarching goal of South Korean national policy is to eliminate dependence on foreign sources for energy. Currently 
97% of power used in the country is generated outside of its borders and over half of that is from petroleum.288 National 
policy in South Korea thus straddles incentives for battery industry, green industry, and technology-neutral development, 
as well as specific incentives for HEVs and BEVs. A major feature of South Korean policy is a recent $85 billion U.S. 
investment scheme for environmentally sustainable industries. This low-carbon and green growth investment constitutes 
2% of current annual GDP and is hoped to create nearly two million new domestic jobs. Technology-neutral components of 
the scheme include introduction of a carbon trading credit system by 2012 and increasing fuel economy standards, a move 
that was prompted by the recent changes in U.S. standards and the desire to keep domestic automobile production in line 
with worldwide trends in fuel economy.289 

South Korean automaker Hyundai is currently the world’s fifth-largest automaker, and South Korea plans to become the 
world’s fourth-largest producer of PEVs. National goals include transition of the domestic fleet of small-sized sedans to be 
made up of at least 10% PEVs by 2020. A 10% market capture of the HEV and PEV market is targeted by 2015, and eventual 
domestic goals include 1 million PEVs on South Korean roads.290 Specific measures to achieve this goal include incentives 
for fleet purchases with a subsidy for PEV purchases by public offices of up to approximately $17,000 goal beginning 
in July 2011. 291 Other proposed incentives include exemption of BEVs from registration, consumption, and acquisition 
taxes on standard automobiles. These incentives would be in addition to existing incentives for the purchase of HEVs, and 
with a total savings equal to approximately $3,000 per vehicle. There is also a deployment initiative to connect PEVs and 
recharging stations in the South Korean capital of Seoul, focusing on access to recharging in public places, particularly 
stores and shopping centers, as well as prioritization in parking facilities for PEV owners.292 

India

India has been among the world’s leaders in small vehicle and PEV production for domestic use, with the REVAi, a small 
BEV, sold commercially since 2001. The REVAi’s production was recently purchased by Bangalore-based Mahindra Reva. 
Several other Indian automakers, including Tata, Tara, and Ajanta, are also preparing to launch a PEV.293 Electric scooters 
and buses are already popular in India, and approximately 1% of the existing vehicle fleet is electric-powered. 
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The PEV market so far has been limited to the REVAi, and producers are worried about their long-term viability and 
position in the global automobile marketplace, which in India is increasingly perceived as trending toward PEVs. However, 
government intervention and incentivization in India is quite limited in all sectors of the economy. Since the initiation of 
economic reforms designed to develop the free market in India beginning in the mid-1980s, the Indian government has 
removed most of its restrictions and subsidies in the automotive industry.294 It is unclear how willing India will be to initiate 
government intervention in its fledgling automobile industry.

In 2010, India began development of a national PEV policy. As a result, the nation’s industry and government commissioned 
a policy feasibility study in April 2010.295 One of the policy components under consideration is the abatement of excise and 
state sales taxes. Nationally, an excise tax of 4% is levied on PEV production, while the imported materials for components 
of PEVs are levied at an additional 10% excise tax.296 PEVs in Delhi, Rajasthan, Uttarakhand, and Lakshadweep are exempt 
from state sales tax; other states charge 4%–15% sales tax.297 Initiatives for joint ventures, technology sharing and transfer, 
and increasing the number of recharging points in the country are also under consideration.298 

Summary	

Despite the many challenges facing proponents of PEVs, virtually every carmaker in every country in the world is planning 
some kind of PEV in the next five years, and this is occurring ubiquitously with assistance from national governments. 
Nearly all countries have established national targets for vehicle production in the next 10 years and are directing billions 
of dollars toward R&D of advanced technology and to policies that encourage vehicle deployment. While there has been no 
international treaty on PEVs, there appears to be a worldwide commitment to the commercialization of PEVs. 

findings

Recent public policies in the United States and other countries have improved the prospects for initial commercialization of 
PEVs. These policies include generous tax credits for consumers and producers, new regulations of vehicle manufacturers, 
special access to high occupancy vehicle (HOV) lanes and city parking, loan guarantees and subsidies for companies that 
produce advanced batteries and related components or assemble PEVs, grants for recharging infrastructure, and federal 
R&D support for more advanced battery technologies. Regulatory compliance with California’s Zero Emission Vehicle 
(ZEV) program has been an influential driver of the recent product offerings by some automakers. Many countries have 
established short-term vehicle production targets comparable to those of the United States. Policies in some EU member 
states (e.g., France and the United Kingdom), China, and Japan focus directly on promoting PEVs, while the EU has 
focused on technology-neutral measures (e.g., carbon-emission limitations on new vehicle sales). Japan and South 
Korea have emerged as leaders in battery research and development, with the United States also becoming a significant 
R&D supporter. 
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panEl rEcoMMEnDaTions

The members of the Transport Electrification Panel offer the following policy recommendations that apply to the national, 
state, and local levels of government. In many cases, effective implementation will entail collaboration with the many 
stakeholders interested in PEVs.

1. Technology-Neutral	Policies. Policymakers should generally pursue energy-security and environmental goals through 
technology-neutral policies, thereby allowing the marketplace for fuels and vehicles to determine which technologies 
are superior. The following fuel-saving policy instruments are typically considered technology-neutral: a gasoline tax; 
a national fuel efficiency standard that allows manufacturers to trade compliance credits; and a “feebate” incentive 
system for fuel efficiency, where buyers of high-mileage cars are awarded a rebate while buyers of low-mileage cars pay 
a fee. Policymakers must recognize that innovative, emerging technologies are at different stages along their learning 
and cost-reduction curves, and it is difficult for innovators, including commercial “first movers,” to fully capture the 
benefits of their risk-taking. Thus, technology-neutral public policies will not always be technology-neutral in their 
practical effects. Some technology-specific policies are needed to allow emerging technologies to compete with mature 
technologies. If technology-neutral policies are not adopted—perhaps due to political opposition—and technology-
specific policies are enacted instead, they should be designed to be as cost-effective as possible. Before any policies 
are enacted that might seem to promote PEVs specifically, the benefits of fleet electrification need to be compared to 
those from competing technologies. Given the technological and market unknowns, it may be wise for policymakers 
and businesses to invest in a mix of emerging technologies (non-PEVs and PEVs) until R&D and real-world experience 
establish which technologies are superior in specific applications. Any targeted public assistance for PEVs should be 
limited in both duration and production volumes. These programs should also be monitored and evaluated regularly to 
ensure accountability and effectiveness.

2. National	Demonstration	of	PEVs. A federally supported, national PEV demonstration program should be implemented 
to help overcome the information barriers faced by the PEV industry today. A de facto demonstration is already 
underway as private and governmental efforts prepare target communities for PEVs. Yet these efforts have not been 
combined and coordinated in a focused national program aimed at “learning by doing.” In order to resolve uncertainties 
about PEVs, it is crucial that the demonstrations gather data from consumers, dealers, manufacturers, utilities, retailers, 
and municipalities. Without key data, the opportunity to learn about the real-world experience with PEVs—successes, 
burdens, and mistakes—will be foregone, and unnecessary public uncertainty, confusion, and debate will continue. 
In the design of a cost-effective national demonstration program, the following program characteristics should be 
considered:

• Focus on a limited number of designated communities (five to 20, depending on community size) with a range 
of climates, demographic and housing characteristics, public transit systems, and electric utility and regulatory 
systems. 

• A strong partnership among national laboratories, universities, municipalities, and private actors is needed to 
collect high-quality data. The demonstration communities and especially the data-gathering exercises within 
them must be large enough to support statistically significant sample sizes, and the original data and findings 
must be shared widely with researchers and practitioners. 

• In order for a demonstration community to provide useful data, it should have as many of the following 
characteristics as possible:

o streamlined permitting procedures to facilitate recharging;

o time-of-use data gathering and electricity pricing capability;

o a priority placed on residential recharging infrastructure coupled with some workplace and community 
recharging; 
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o guidance materials available about niche fleet markets where PEVs may be particularly promising because 
routes are short and recharging can be performed at a central location (e.g., urban pick-up and delivery 
vehicles);

o data-gathering activity on vehicle purchasing and leasing, driving patterns, servicing and recharging 
behaviors, and the evolution of public perceptions and attitudes; and

o action plans and evaluation activities that coordinate the vital roles of motorists, car dealers, automakers 
and suppliers, utilities, regulators, fleet buyers, and universities. 

Such a demonstration program should be monitored by independent analysts to ensure that community demonstrations 
do not proliferate to the point that they represent a bias toward PEVs. 

3. Global	 Leadership	 Position	 in	 Technology,	 Manufacturing,	 and	 Public	 Policy. The U.S. automotive, battery, and 
electric power industries, in collaboration with the U.S. government and universities, should seek to establish a global 
leadership position in electric mobility, especially in advanced energy storage technologies and production of batteries 
and related components. Constructive steps have already been taken toward fostering a U.S.-based supply chain for 
PEVs and expanding R&D into advanced batteries and other powertrain components. The track record of policies 
toward PEVs needs to be evaluated and, where necessary, refined as technology and market conditions change. Thus, 
the national demonstration and R&D program should be seen not just as a strategy to pursue worthy energy security and 
environmental goals, but also as a strategy to help revitalize the U.S. manufacturing sector. 
 

4. International	Collaboration. Although the focus should be on advancing U.S. leadership and competitiveness in this 
dynamic field, there is also a need for some international collaboration. Historically, different vehicle standards have 
been a barrier to international trade, making it difficult for companies to transfer innovations from one national market 
to another. The EU, Asia, and North America are adopting somewhat different technical procedures and public policies 
toward PEVs. Areas ripe for cooperation include codes and standards for recharging, approaches to measuring vehicle 
fuel efficiency, and emissions measurement, including test conditions. A regular international exchange of information 
about the formulation of successful PEV demonstrations and public policies is also appropriate. Since China and the 
United States have some common national interests in reducing petroleum use and have facilitated constructive corporate 
partnerships in vehicle technology and production, the China–U.S. dialogue on PEVs should be encouraged to continue, 
assuming intellectual property rights are respected. 

5. Cost-Effective	Consumer	Incentive	Programs. For investors in emerging technologies, there can be a “valley of death” 
between the market acceptance of early adopters and widespread commercialization. Without some public assistance 
through this valley, emerging technologies with long-term promise may be discarded prematurely. In this regard, PHEVs 
may be closer than BEVs to overcoming the valley since the current energy storage capabilities for BEVs are inadequate. 
While generous volume-limited tax credits have already been established for consumers who purchase a PEV (e.g., up 
to $7,500 at the federal level and an additional $5,000 in a few states), the following targeted, cost-effective measures 
to boost consumer demand for PEVs are worthy of consideration:

• government and commercial fleet purchases; 

• PEV access to HOV lanes and parking in congested urban areas; 

• battery warranty adjustments or guarantees; and

• targeted public information programs to dispel myths and reduce confusion.

6. Support	for	Recharging	Infrastructure. Private investments in recharging infrastructure may prove to be too small to 
support adequate demonstrations due to high initial costs for recharging infrastructure, few “first mover” advantages, 
relatively low energy prices in the United States, long payback periods, and uncertainty about the volume of future PEVs 
on the road. Significant public funding of recharging infrastructure has already been appropriated, and it is not yet clear 
whether more funding is necessary. Since some retailers (e.g., shopping malls) may have adequate business incentives 

A Practical Plan for Progress     65



to offer recharging stations to help attract and retain customers, relatively little infusion of public funds should be aimed 
at community recharging facilities. As additional public cost-sharing of recharging is provided, the cost-effectiveness 
criterion suggests that the highest priority should be residential recharging, followed by stations at workplaces, and then 
community stations. Excessive spending on community stations may result in severely underutilized infrastructure, 
which can damage public support for PEVs.

7. Modernizing	the	Electric	Power	System. Even a partial shift from petroleum to electricity as a transportation fuel will 
have ramifications for the operation and growth of the electric power system. Detailed knowledge of the power grid is 
required to ensure that outages are avoided. To optimize the benefits of electrification, public policies should be adopted 
to: 

• accelerate “smart grid” research, standards, and implementation; 

• expand the availability of lower electricity prices during off-peak periods to enhance consumers’ willingness to 
charge their vehicles at night, and include continuous, time-of-use pricing adjustments where acceptable;

• increase the availability of metering, recharging, and vehicle technologies that will enable these time-of-use 
adjustments to electricity prices; 

• encourage or require enhanced efficiency and the movement toward a cleaner power generation system in 
order to reduce upstream emissions associated with PEVs in the form of greenhouse gases and conventional 
pollutants. 

8. Long-Term	 R&D	 Commitments. Lithium-ion batteries may never have adequate energy density to independently 
power a household’s primary multi-purpose vehicle. Although there have been significant improvements in battery 
technology since the 1990s, policymakers should consider a large increase in federal R&D investments into innovative 
battery chemistries, prototyping, and manufacturing processes. A broader selection of R&D grantees, with even more 
vigorous competition, is appropriate compared to past practices. Sustained investment in R&D, including both public 
and private funds, is crucial as the United States seeks to establish a leadership position in the growing global market for 
advanced battery technologies and related components. The potential spillover benefits in the economy from R&D and 
manufacturing leadership deserve serious consideration by policymakers, even though public R&D decisions will be 
made in a troubled federal fiscal situation. In order to determine the appropriate scale of R&D expansion, the expected 
payoffs from long-term R&D investments in energy storage techniques should be compared to the anticipated payoffs 
from R&D investments in other advanced fuels and propulsion systems.

Countries around the world are jockeying for position in the emerging PEV industry. The time for the United States to secure 
a leadership position in the global market for PEVs is now. This report provides an expert panel’s view of how the United 
States can secure this role in a cost-effective manner. 
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VERIFIED REBUTTAL TESTIMONY OF JOHN E. HASELDEN 

Q1. Please state your name, employer and business address. 1 

A1. My name is John E. Haselden.  I am employed by Indianapolis Power & Light Company 2 

(“IPL” or “Company”), One Monument Circle, Indianapolis, Indiana, 46204.  I am 3 

Principal Engineer in the Regulatory Affairs Department. 4 

Q2. Are you the same John E. Haselden who prefiled Direct Testimony in this Cause on 5 

October 15, 2010? 6 

A2. Yes. 7 

Q3. What is the purpose of your rebuttal testimony? 8 

A3.  I will address the concerns raised by Indiana Office of the Utility Consumer Counselor 9 

(“OUCC”) witness Ray Snyder in Public’s Exhibit No. 6 and those of witnesses Laura 10 

Arnold and Eric Cotton of the Indiana Distributed Energy Advocates (“IDEA”) 11 

concerning IPL’s proposed changes to Rate REP (Renewable Energy Production) and its 12 

Motion to withdraw those changes from this proceeding. I will also address the concerns 13 

raised by OUCC witness April Paronish in Public’s Exhibit No. 3 concerning Evaluation, 14 

Measurement and Verification (“EM&V”) costs and net-to-gross estimates. 15 

IPL Motion to Withdraw Rate REP Changes 16 
And Suspend Its Application 17 

Q4. Are you familiar with the Motion filed by IPL to withdraw Rate REP changes and 18 

suspend its application? 19 

A4. Yes.  IPL filed this motion in response to a significant increase in interest from 20 

developers proposing to construct multiple wind and solar arrays producing between 2 21 

and 10 megawatts (“MW”) each and sell the energy to IPL under Rate REP.  The 22 
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developers proposed to become IPL customers solely to sell energy to IPL.  The size and 1 

number of the projects proposed by a few developers would consume all of the capacity 2 

IPL agreed to purchase under Rate REP. 3 

Q5. What capacity cap did IPL adopt for Rate REP? 4 

A5. The cap is equal to 1% of IPL’s retail electric kilowatt hour sales for the previous 5 

calendar year.  IPL retail sales for 2011 were 148,698,000 kWh.   6 

Q6. Why did IPL limit the capacity it would purchase under Rate REP? 7 

A6. The rates IPL pays for energy purchased under Rate REP are greater than IPL’s avoided 8 

cost of generation.  Rate REP purchase prices are ultimately paid by IPL’s customers 9 

through the fuel adjustment clause (“FAC”).  The cap on the amount purchased under 10 

Rate REP is designed to limit the rate impact IPL’s customers incur as a result of these 11 

purchases.  The 1% limit was arrived at through informal discussions with OUCC witness 12 

Jenny Sumner as IPL formulated the version of Rate REP that was filed as Exhibit JEH-5 13 

(Revised) in Cause No. 43623.  Ms. Sumner discusses the 1% limit and discussions on 14 

pages 12 and 13 of her direct testimony in that same Cause. 15 

Q7. Is IPL investigating any changes to Rate REP to address the potential exhaustion of 16 

the Rate REP cap? 17 

A7. Yes.  The main issue that has arisen is the need to redefine the term “Qualifying 18 

Renewable Energy Power Production Facility.”  19 

Q8. How does IPL believe this issue can most effectively be addressed? 20 

A8. IPL has proposed to file a separately docketed proceeding to address the issue of 21 

redefining a Qualifying Renewable Energy Power Production Facility in terms that 22 
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reinstate the original intent of Rate REP to provide an economically viable alternative to 1 

net metering for traditional IPL customers to invest in renewable energy.  See Petitioner’s 2 

Exhibit JEH-1, pp. 25-26, submitted in Cause No. 43623.  However, time is of the 3 

essence because the 100% bonus tax depreciation and Treasury Grants are only available 4 

for 2011.  I discuss my recommendations for these changes in the next section of my 5 

testimony. 6 

Q9. Mr. Snyder testifies that he is unable to find any intent to exclude wholesale power 7 

production facilities from Rate REP.  Public’s Exhibit No. 6, p. 9.  What was IPL’s 8 

original intent? 9 

A9. IPL certainly could have made this intent more explicit.  I did much of the initial work to 10 

develop Rate REP and my vision was to attract investment in customer-sited renewable 11 

energy resources in IPL’s service territory.  I did not foresee large developers becoming 12 

interested in Rate REP.  First, the purchase prices established in Rate REP were 13 

conservative and I did not expect those prices to support multiple 10 MW facilities.  14 

Second, I would not have thought about these large developers as “customers.”  IPL’s 15 

traditional customers are paying for the energy purchased under Rate REP and IPL feels 16 

strongly that these traditional customers should have the opportunity to invest in their 17 

own renewable energy projects and sell that energy under Rate REP.  When designing 18 

Rate REP, it did not occur to me that a large scale development could claim to be a 19 

customer by taking a small amount of energy. The Indiana Utility Regulatory 20 

Commission (“Commission”) has historically asserted wholesale power merchants are 21 

public utilities subject to its jurisdiction.  See Bioenergy Power, LLC, Cause No. 43882 22 

(IURC 10/20/2010) (concluding a 26 MW biomass electric plant to be a public utility) 23 
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and Benton County Wind Farm, LLC, Cause No. 43068 (IURC 12/6/2006).  IPL thinks of 1 

wholesale power providers not as customers but as merchants of electricity.  IPL did not 2 

anticipate these entities claiming to be “customers” for purposes of making Rate REP 3 

sales.   4 

Q10. Mr. Snyder notes that IPL is using the existence of federal funding resources  as an 5 

“excuse for suspending an apparently successful program such as Rate REP” while 6 

at other times using them to achieve goals stated in IPL programs.  Do you agree 7 

that IPL is using the existence of federal funding resources as an excuse? 8 

A10. No.  IPL is not using the federal funding as an excuse—the recent unexpected changes in 9 

the federal tax code have had unanticipated consequences on requests for participation in 10 

Rate REP.  It is no coincidence that IPL received a significant uptick in interest after the 11 

availability of the federal funding.  Some of that impact has been very positive—the 12 

availability of the federal tax and other incentives has prompted interest from a number of 13 

IPL customers in installing renewable energy resources at their facilities.  IPL is trying to 14 

protect all available capacity from being used-up by a few enterprising developers.   15 

Q11. Mr. Snyder suggests IPL could have availed itself of the Commission’s 30-day filing 16 

procedure to address any issue in the energy price paid for Rate REP.  Public’s 17 

Exhibit No. 6, p. 10.  Why did IPL not utilize the 30-day filing procedure? 18 

A11. The primary concern from IPL’s perspective was not pricing but the problem of having 19 

all the capacity under Rate REP consumed by the projects of a few developers.  Mr. 20 

Snyder doesn’t suggest that changing the language in Rate REP to accommodate this 21 

concern would have been acceptable under the 30-day filing procedure.   22 
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Q12. Mr. Snyder is also puzzled as to why the cost of solar panels should impact the 1 

economics of the Rate REP purchase rate solely from IPL’s point of view.  Public’s 2 

Exhibit No. 6, pp. 10-11.  Can you address this confusion? 3 

A12. I agree with Mr. Snyder that a reduction in the cost of solar panels would impact the 4 

economics for both IPL and the investor, however the impact is different and each would 5 

prefer a different outcome.  Mr. Snyder is correct when he says that the impact of any 6 

cost decrease would be felt by the owner/investor of the solar project if Rate REP’s price 7 

remains the same—the owner’s/investor’s return on investment would increase.  The 8 

point that Mr. Snyder misses is that significant improvements in technology or declines in 9 

the costs of such projects without adjustments to pricing or other terms could  “…create a 10 

windfall opportunity for some at the expense of IPL’s other customers.” Petitioner’s 11 

Exhibit JEH S-1, p. 3, lines 9-10 submitted in Cause 43623.  This was previously 12 

recognized by the OUCC on page 13 of the direct testimony of Jenny Sumner in the same 13 

cause. 14 

Revisions to Rate REP 15 

Q13. Why did IPL clarify that entities selling power to IPL needed to be a Qualifying 16 

Facility or otherwise authorized by the Federal Energy Regulatory Commission 17 

(“FERC”) to make wholesale power sales? 18 

A13. The Federal Power Act (“FPA”), 16 U.S.C. § 824(a), declares “the business of 19 

transmitting and selling electric energy for ultimate distribution to the public is affected 20 

with a public interest, and that Federal regulation of matters relating to generation to the 21 

extent provided in this subchapter and subchapter III of this chapter and of that part of 22 

such business which consists of the transmission of electric energy in interstate 23 
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commerce and the sale of such energy at wholesale in interstate commerce is necessary in 1 

the public interest, such Federal regulation, however, to extend only to those matters 2 

which are not subject to regulation by the States.”  The FPA has been broadly construed 3 

as giving FERC jurisdiction over any wholesale sale of electricity.  Consistent with this 4 

construction, FERC recently reiterated that its “authority under the FPA includes the 5 

exclusive jurisdiction to regulate the rates, terms and conditions of sales for resale of 6 

electric energy in interstate commerce by public utilities.”  California Pub. Utils. 7 

Comm’n, 132 FERC 61,047, ¶64 (2010) (“FIT Order”).  In the FIT Order, FERC clarified 8 

it had jurisdiction over wholesale sales of energy from renewable energy projects unless 9 

the sales fall within the limited authority given to States to regulate the wholesale sales of 10 

electricity under the Public Utility Regulatory Policies Act (“PURPA”).  PURPA sales 11 

must be made at the utility’s avoided cost.  Id. at ¶¶ 64-65.  The rates IPL pays for energy 12 

under Rate REP are not based on its avoided cost.  Consequently, entities selling power 13 

to IPL under Rate REP are subject to FERC jurisdiction and must have FERC authority 14 

to make wholesale power sales. 15 

Q14. Does IPL share Mr. Snyder’s concern that requiring an entity to demonstrate they 16 

are authorized by FERC to make wholesale power sales would place an unnecessary 17 

restriction on the facilities that may otherwise qualify for Rate REP? 18 

A14. No.  The rejection of IPL’s proposed change to Rate REP will not eliminate the 19 

requirement that an entity making sales to IPL must have FERC authority to do so.  20 

Obtaining FERC authorization to make wholesale sales will not be burdensome for most, 21 

if not all, of the entities proposing to sell power to IPL under Rate REP because they will 22 

satisfy the requirements of a Qualifying Facility (“QF”).  QFs of less than 80 MW may 23 
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self certify with FERC.  47 CFR §292.207(a).  Self certification requires submission of a 1 

completed Form 556 to FERC. Completing Form 556 is a simple task that should take 2 

less than an hour to complete, if the information is at hand, and requires no fee. See 3 

Qualifying Facilities, FERC webpage, http://www.ferc.gov/industries/electric/gen-4 

info/qual-fac.asp.   5 

Q15. Are customers that net meter also subject to FERC’s jurisdiction? 6 

A15. No.  FERC has concluded that a net-metering arrangement does not involve wholesale 7 

sales subject to its jurisdiction.  See MidAmerican Energy Co., 94 F.E.R.C. 61,340, 8 

(March 28, 2001).   9 

Q16. Is IPL agreeable to adding back the provision in the tariff that the 30-day filing 10 

process may be used for adjusting the purchase rates as circumstances warrant? 11 

A16. Yes.   12 

Q17. Why is IPL proposing to include the ability to escalate the rates by 2% each year? 13 

A17. This is not a new proposal.  IPL included this change in the tariff to make it clear and 14 

transparent. The 2% per year escalation was included in the net present value calculations 15 

used to arrive at the Rate REP initial prices. This provision was included in the Rate REP 16 

contract previously approved by the Commission for The Time Factory.  The escalation 17 

in price is an incentive to customers to maintain their projects and from a cash flow 18 

perspective, offsets any increases in the cost of maintenance or degradation of electrical 19 

output over time.  20 

Q18. Ms. Arnold and Mr. Cotton recommend a number of revisions to IPL’s Rate REP.  21 

Do you have any general response to the revisions they recommend? 22 
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A18. Yes.  The IDEA has decided to utilize this proceeding, in which IPL proposed very 1 

modest changes to Rate REP, to completely re-write the provisions to benefit their 2 

constituents without regard to the rate impacts to  IPL’s other customers.  While IPL 3 

believes that its customers benefit from diversification of supply, the provisions requested 4 

by IDEA are intended to improve the profits of their members who market distributed 5 

energy products.  Ms. Arnold applauds the effort throughout Europe to subsidize 6 

renewable energy resources, but fails to acknowledge that many European countries are 7 

having second thoughts about the impact high subsidies are having on its ratepayers.  8 

Spain and Germany are both re-evaluating the price those countries pay to promote solar 9 

energy due to the impact on utility ratepayers.  Petitioner’s Exhibit JEH-R2.  There must 10 

be a balance between the interests of developers and ratepayers who ultimate pay the 11 

subsidized rates. 12 

IPL also opposes the complexity that would result from many of the proposals made by 13 

the IDEA.  IPL does not want to assume responsibility for auditing the various entities 14 

with which it is purchasing power to ensure they qualify for the various rates Mr. Cotton 15 

proposes or to contend with aggregating residential customers’ investments.  IPL cannot 16 

be compelled to purchase energy from these entities on the terms proposed by the IDEA.  17 

The FIT Order has made clear that FERC has jurisdiction over wholesale power sales and 18 

that energy sales from renewable energy projects under Rate REP are subject to this 19 

FERC jurisdiction.  FERC’s regulations recognize that IPL can voluntarily agree to any 20 

purchase price for renewable energy, but no provision compels IPL to purchase energy 21 

from renewable energy producers at a rate higher than IPL’s avoided cost.  Through Rate 22 

REP, IPL is proposing that the Commission authorize IPL to recover through its FAC 23 
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energy purchases up to the price established in Rate REP.  IPL is not willing to agree to 1 

the terms recommended by the IDEA. 2 

Q19. Ms. Arnold notes that only one IPL customer has filed and received approval under 3 

IPL’s Rate REP.   IDEA Exhibit LAA-1, p. 7.  Please update the status of interest in 4 

Rate REP. 5 

A19. Aside from the flood of applications for interconnection from developers, there has been 6 

a renewed interest in Rate REP from traditional IPL customers. I have had numerous 7 

discussions with existing IPL customers about Rate REP and the recent developments.  A 8 

recent public example of this interest is a solar photovoltaic project proposed by the 9 

Indianapolis International Airport.   10 

Q20. Why has IPL imposed a minimum size of 20 kW for solar PV projects to qualify for 11 

Rate REP? 12 

A20. Ms. Arnold incorrectly asserts that this minimum size “…prohibits the majority of IPL’s 13 

residential customers to participate in Rate REP.”  IDEA Exhibit LAA-1, p. 8.  There is 14 

no such prohibition of any class of customer to participate.  IPL has over 31,000 15 

residential customers who each used more electric energy in 2010 than the expected 16 

output from a 20 kW solar PV array on an annual basis. Regardless, IPL had several 17 

reasons for setting a minimum size and focusing on commercial customers in this pilot 18 

offering. First, the tax advantages available for commercial businesses are different than 19 

for residential customers. The significant differences are in the tax rates and the tax effect 20 

of depreciation that is not available to individuals. Rate REP rates would need to be 21 

significantly higher to account for the lower tax advantages and the inherently higher cost 22 
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of smaller renewable energy systems.  IDEA Exhibit CEC-1, pp. 7-8.  Second, larger 1 

commercial-scale projects can be financeable over a time period generally not available 2 

for this type of equipment on a residence.  Third, as more and larger commercial-scale 3 

projects are developed, installed prices for all installations may be driven down and a 4 

competitive business infrastructure that constructs and maintains these projects may 5 

develop with attendant job creation. Fourth, rate impacts are minimized by starting this 6 

effort with these types of customers. It should be noted that smaller customers have not 7 

been ignored. IPL offers cash incentives to customers who install small-scale solar PV or 8 

wind projects that additionally can take advantage of net metering if they so choose. 9 

Q21. Is IPL open to allowing communal customers, both residential and commercial, to 10 

purchase a renewable energy system and qualify to sell the output under Rate REP? 11 

A21. Not at this time.  This type of arrangement is very complex and ultimately looks like a 12 

stand-alone wholesale power generating facility. 13 

Q22. Why does IPL not have a simple payback goal in years for an average system under 14 

Rate REP? 15 

A22. IPL devised Rate REP to provide a reasonable return over the life of a project. Simple 16 

payback ignores the value a project delivers over its life. Short payback periods are 17 

desirable for risky projects but are a poor measuring stick for long-lived projects. 18 

Q23. Do you agree with Ms. Arnold that IPL’s process for handling those that wish to 19 

interconnect with IPL and sell power under Rate REP is clouded and less than 20 

totally transparent?  IDEA Exhibit LAA-1, p. 10. 21 

A23. No. Ms. Arnold’s allegation is based on hearsay with individuals she has refused to 22 
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identify. IPL has worked diligently to create a process for handling interconnection 1 

requests. Please see Petitioner’s Exhibit JEH-R3 for a description of the interconnection 2 

process.  3 

Q24. Does IPL support an Advisory Committee to implement Rate REP? 4 

A24. No. It is not necessary. By its order in Cause 43623, IPL must file a docketed proceeding 5 

with the Commission no later than June, 2012 concerning modifications to Rate REP.  6 

Moreover, should the Commission approve IPL’s request to initiate a separate proceeding 7 

to address these issues, the parties will have an opportunity to provide input to 8 

modifications that are proposed for Rate REP. 9 

Q25. Is Rate REP designed to provide a reasonable return to investors in renewable 10 

energy projects? 11 

A25. Yes.  However, it is important to consider this return over the life of the asset, not the 12 

term of an initial contract as delineated by Mr. Cotton. If the analysis is required to be 13 

performed over a period shorter than the asset life, then the net present value of the 14 

salvage value must be included in the analysis. Mr. Cotton omitted this conventional 15 

treatment in all of his analyses. 16 

Q26. Is IPL open to tiered pricing based on technology, size and location? 17 

A26. Yes.  IPL has tiered pricing based on technology and project size.  IPL did not 18 

differentiate based on location because of the relatively small geographical coverage of 19 

its service territory. 20 

Q27. Do you agree with Mr. Cotton that Rate REP is flawed because it has no definitive 21 

simple payback goal?   22 
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A27. No. An internal rate of return analysis is appropriate in this situation. 1 

Q28. Please respond to Mr. Cotton’s criticisms on IPL’s capital costs assumed in its 2 

models.  IDEA Exhibit CEC-1, p. 7. 3 

A28. Mr. Cotton stated that, in his opinion, IPL significantly underestimated the cost of solar 4 

and wind systems but did not offer any evidence for his opinion or for the capital costs he 5 

assumed in his analyses used in Exhibits CEC-002 through CEC-006.  He did note on 6 

pages 7 and 8 of Exhibit CES-001 some solar PV costs range from $7.16/KW to over $11 7 

per Watt for Indiana installations.  However, Mr. Cotton used neither figure in his 8 

exhibits. IPL used $5/Watt for PV systems of 100 kW and greater and Mr. Cotton used 9 

$5.80/Watt for a 100 kW system and $4.20/Watt for a 1 MW system.  For wind projects, 10 

IPL used $4.20/Watt for a 50 kW system (actual installed cost for a 50 kW turbine in 11 

Indianapolis); and $3.40/Watt for a 500 kW wind system.  Mr. Cotton used $5.50/Watt 12 

for a 50 kW system and the same number as IPL for the 500 kW system.  IPL does not 13 

see a significant disparity when these two estimates are compared. 14 

Q29. Have you reviewed Mr. Cotton’s Exhibits CEC-002through CEC-007? 15 

A29. Yes. 16 

Q30. Do you have any concerns with Mr. Cotton’s calculations? 17 

A30. Yes.  Mr. Cotton used the same spreadsheets that I created and most of the same 18 

assumptions such as the discount rate, tax rates, and depreciation schedules. He made 19 

minor adjustments to the capital cost and capacity factors. He added an O&M expense 20 

but neglected to take the net tax effect of the expense. However, I disagree with his 21 

assumption of only a 15 year life which ignores the earning power of the asset over the 22 
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remainder of its useful life or, alternatively, crediting the analyses with a salvage value.  1 

Mr. Cotton himself admitted in response to IPL’s discovery requests that the useful life of 2 

solar is 30 years and wind is 20 years.  See Petitioner’s Exhibit JEH-R4.  3 

Q31. Do you agree with Mr. Cotton’s recommendations on accounting for the value of the 4 

Renewable Energy Credit?  IDEA Exhibit CEC-1, pp. 13-14. 5 

A31. No.  The prices in Rate REP are set to allow a reasonable return on the renewable energy 6 

generating project over its useful life. The prices are already set significantly higher than 7 

IPL’s avoided cost of electricity, the difference of which is paid for by all other 8 

customers. Adding the value of the REC to the price would result in windfall profits to 9 

participants. Mr. Cotton is correct that if the value of the REC is greater than the Rate 10 

REP price, then they may consider not participating in Rate REP and sell the REC to the 11 

market. Mr. Cotton did not include the value of a REC in his analyses in Exhibits CEC-12 

002 through CEC-007.  Moreover, the long term value of the solar REC market is 13 

difficult if not impossible to quantify with any degree of certainty.  The prices he noted in 14 

his testimony were spot prices. There is no ten or fifteen year market for solar RECS and 15 

projects are not financeable based on spot prices. Mr. Cotton fails to recognize that the 16 

source of funding Rate REP is IPL customers and it is they who should benefit from any 17 

sales of RECs. Indeed, if IPL can register and sell RECs at the prices Mr. Cotton quotes, 18 

all customers will benefit by lower rates to the extent the RECs are sold for more that the 19 

Rate REP price. 20 

Q32. Earlier in your testimony, you noted that IPL had a recommendation for redefining 21 

the term “Qualifying Renewable Energy Power Production Facility.” What is that 22 
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recommendation? 1 

A32. IPL proposes to add to the definition of “Qualifying Renewable Energy Power 2 

Production Facility” (“QFREPPF”) contained in the current tariff, the following 3 

additional qualifications: 4 

 5 
1. The expected annual output from any project shall not exceed the annual 6 

consumption of the host Facility. Biomass Facilities are exempt from this 7 
qualification. 8 

2. A host Facility is defined as a building, production equipment or collection of 9 
same in the same area such as a campus.  The surrounding land owned or leased 10 
by the host customer is part of the Facility.  11 

3. The maximum nameplate capacity of any QFREPPF associated with a Facility is 12 
10 MW. 13 

4. The footprint of an RE project must be wholly within the boundaries of the 14 
Facility and IPL’s service territory. 15 

5. Host customers may contract with third parties to own and operate RE projects at 16 
their Facility.  These third parties will be responsible for the interconnection 17 
agreement and the host Facility will additionally sign the interconnection 18 
agreement and be responsible in the event of a default by the third party. 19 

 20 
Examples of host Facilities: The buildings comprising a college or school campus is a 21 

Facility. The collection of buildings and production equipment operated by a 22 

manufacturer is a Facility. The collection of buildings and land owned by the 23 

Indianapolis Airport Authority are a Facility. 24 

Q33. Please explain the basis for these added qualifications. 25 

A33. Certainly. I will address the rationale for these qualifications in the order presented: 26 

1. The expected annual output from any project shall not exceed the annual 27 
consumption of the host Facility. 28 

This qualification will serve to stop gaming by developers seeking to use IPL Customers as a 29 

means to qualify what would be, essentially, stand-alone projects. In later years, such projects 30 

could serve as net metering resources for Customers, depending on the size restrictions or other 31 



Petitioner’s Exhibit JEH-R1 
 

 

Haselden -- 15 

criteria in effect at that time. Biomass Facilities are typically, by their nature, stand-alone 1 

generating facilities. Examples are anaerobic digesters and landfills the utilize methane for 2 

electric generation. 3 

2. A host Facility is defined as a building, production equipment or 4 
collection of same in the same area such as a campus. The surrounding 5 
contiguous land owned or leased by the host customer is part of the 6 
Facility.  7 

 8 

Customers may have many different electric services serving their buildings or factories although 9 

they may be contiguous to each other. For example, a hospital complex or college campus may 10 

have many buildings, stadiums and parking garages. The tops of parking garages may be the 11 

most feasible location for a large solar PV array but the electric consumption of the parking 12 

garage may be very small. It would be appropriate to include the parking garage site in aggregate 13 

to the customer’s Facility. 14 

3. The maximum nameplate capacity of any QFREPPF associated with a 15 
Facility or any one IPL customer, its parent, subsidiaries or affiliates, is 10 16 
MW. 17 

 18 

Some IPL customers may have large annual energy consumption and large amounts of land that 19 

could be rented from the customer by developers. This qualification will serve to stop gaming by 20 

developers seeking to use the IPL Customers as a means to qualify what would be, essentially, 21 

multiple stand-alone projects. 10 MW is a large renewable energy project by any standards and is 22 

an ample share for any one Facility. This limit will serve to make Rate REP available for more 23 

IPL customers. 24 

4. The footprint of a QFREPPF project must be wholly within the boundaries 25 
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of the Facility and IPL’s service territory. 1 
 2 

This qualification is another protection from possible legal complications and possible gaming 3 

associated with projects located in other electric utility territories connecting to IPL customers 4 

for the purpose of seeking to use IPL Customers as a means to qualify what would be, 5 

essentially, stand-alone projects. 6 

5. Host customers may contract with third parties to own and operate RE 7 
projects at their Facility. These third parties will be responsible for the 8 
interconnection agreement and the host Facility will additionally sign the 9 
interconnection agreement and be responsible in the event of a default by 10 
the third party. 11 

 12 
IPL recognizes that tax incentives are an important part of the financial aspect of a QFREPPF 13 

and that some customers do not have a tax position that would otherwise make a QFREPPF 14 

project financially feasible. For this reason, such customers may align themselves with a third 15 

party who can realize the tax benefits and share the project returns with the customer. Because 16 

such a QFREPPF would be located on the IPL customer’s property and associated with the 17 

customer’s electric service, the IPL customer must also sign the IPL interconnection agreement.  18 

Rate REP Purchases Satisfy DSM Energy Savings Targets 19 

Q34. Why does IPL believe energy purchased from Rate REP should count towards the 20 

energy savings goals established in the Commission’s December 9, 2009 Phase II 21 

Order in Cause No. 42693 (the “Generic DSM Order”)? 22 

A34. The Generic DSM Order set-forth a non-exhaustive list of potential programs to meet its 23 

energy savings goals.  Among the listed programs are “incentives for customer-sited 24 

renewable energy technologies which reduce electric use.”  Generic DSM Order, p. 32.  25 

Rate REP provides an incentive in the form of guaranteed energy purchased at prices 26 
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intended to provide a reasonable return on investment in renewable energy projects.  The 1 

energy produced by these facilities also reduces electric energy that otherwise would be 2 

supplied by IPL’s traditional generating resources.  Therefore, it is consistent with the 3 

Generic DSM Order to count energy purchased under Rate REP by customer-sited 4 

renewable energy technologies.  IPL also believes that counting this energy towards the 5 

energy savings targets is in the best interest of its customers.  The cost of achieving the 6 

DSM energy savings is expected to be paid by ratepayers through Rider No. 22.  7 

Counting the energy purchased under Rate REP will offset the need for investing in 8 

additional DSM. 9 

Q35. What concern does Mr. Snyder raise in counting Rate REP purchases as DSM? 10 

A35. Mr. Snyder notes that 170 IAC 4-8-1.1(e) defines DSM as a deliberate intervention by a 11 

utility to alter load shape.  Public’s Exhibit No.6, p. 6.  I agree with Mr. Snyder that the 12 

Commission’s rules define DSM as a deliberate intervention by a utility to alter load 13 

shape.  However, the Generic DSM Order also makes it clear that efforts to reduce 14 

energy qualify as DSM by concluding that the energy savings targets “will be based on a 15 

reduction of electric sales rather than peak electric demand.”  Generic DSM Order, p. 32.  16 

The Generic DSM Order (p. 36) specifically identifies “…incentive for customer-sited 17 

renewable energy technologies which reduce electric usage” as a potential Core-Plus 18 

Program.  Rate REP (as envisioned by IPL) is an incentive for customer-sited renewable 19 

energy technologies which reduce electric usage.  Mr. Snyder’s conclusion that such 20 

incentives are not DSM demonstrates that his definition of DSM is too narrow and 21 

inconsistent with the Commission’s interpretation.  See Petitioner’s Exhibit KF-R3. 22 
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Net Metering 1 

Q36. Ms. Arnold recommends that IPL modify the provisions in its tariff addressing net 2 

metering.  How do you respond to her recommendations? 3 

A36. The issue of net metering has not been raised in this proceeding and for that reason the 4 

Commission should reject her modifications in this proceeding.  I also oppose her 5 

recommendation to have IPL modify its tariff to match the Commission’s draft rule.  In 6 

many respects, IPL’s tariff is already consistent with the proposed net metering rule.  7 

However, it is unwise to modify IPL’s tariff now to match or go beyond a draft rule that 8 

is still subject to comment and revision.  This same logic applies to the other resources 9 

Ms. Arnold advocates qualifying for net metering to IPL’s tariff and her proposal to 10 

allow aggregation of meters.  These very issues are being debated in the Commission’s 11 

rulemaking and it would be premature to determine these issues in advance of finalization 12 

of the rules.   IPL also finds it ironic that IDEA’s witness Cotton recommends that 13 

renewable energy production be compensated as high as $0.68/kWh (IDEA Exhibit CEC-14 

007) while Ms. Arnold suggests that expanded net metering, with attendant net 15 

compensation (retail rates) of a fraction of Rate REP prices, will make any difference in 16 

the justification of renewable energy projects. 17 

DSM EM&V 18 

Q37. Do you agree with Ms. Paronish that all net-to-gross calculations in IPL’s 3-Year 19 

Program need to be re-evaluated? 20 

A37. Yes, but not at this time. IPL and the OUCC staff have finalized a Request for Proposals 21 

(“RFP”) document for comprehensive EM&V services that will be issued pending 22 

approval by the IPL Oversight Board.  It is expected that the EM&V contractor will 23 
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complete an evaluation of DSM programs currently being offered and revised impacts 1 

and net-to-gross will be reported and used going forward.  Requiring IPL to invest time 2 

trying to create more exact estimates when the RFP will provide a better estimate is not a 3 

good investment of time and resources.  While net-to-gross ratios are important for 4 

program impact and benefit/cost evaluation, they do not impact IPL cost recovery 5 

because IPL is not recovering lost revenues at this time.   6 

Q38. Do you agree with Ms. Paronish that IPL’s EM&V budgets lack transparency? 7 

A38. No. The estimated costs of EM&V for each DSM program are clearly delineated in 8 

Petitioner’s Exhibit LHA-3.  More accurate estimates will be available at the conclusion 9 

of the EM&V RFP process previously mentioned.   10 

Q39. Does this conclude your prepared rebuttal testimony? 11 

A39. Yes, at this time.  12 
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Spain's Cuts to Solar Aid Draw Fire
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By GUY CHAZAN

A group of international investors has called on the Spanish government to reconsider plans to cut costly subsidies for
solar power, saying they would cause a wave of defaults and more bad loans for Europe's banks.

Tom Murley, head of the renewable-energy team at U.K. private-equity
firm HgCapital, said the changes represented a "breach of trust" that
would increase regulatory uncertainty in the Spanish renewables
industry.

"If they proceed on this path, they'll endanger not only our investment,
but the whole sector," said Mr. Murley, who represents a group of 20
pension-fund managers and strategic investors in the Spanish solar-
photovoltaic, or PV, industry.

The Spanish government is expected to adopt a proposal in the next
few days that will cut solar-PV subsidies by as much as 30%—including
for existing power plants, according to industry officials.

A government spokesman couldn't be reached to comment.

Spain is one of aA number of cash-strapped European countries that have been forced to review their generous system
of subsidies for renewable energy, in order to lower electricity bills for consumers struggling under austerity measures
and public spending cuts.

Like Germany, Spain has long had feed-in tariffs, which guarantee prices for low-carbon electricity and so assure
renewables companies a higher return than they could expect from the free market. They were seen as crucial if
European countries were to meet tough targets for cutting greenhouse-gas emissions.

In Spain, solar-PV plants connected to the grid by September 2008 receive a feed-in tariff of €450 ($589) per megawatt
hour of electricity for 25 years—roughly 10 times the price utilities pay for power produced from conventional sources
such as gas and coal.

Small investors poured in to take advantage of the incentives, building huge installations of photovoltaic panels across
Spain. The country now has 3,200 megawatts of solar capacity, more than six times what the government expected to
have by the end of 2010. Last year alone it handed out €2.6 billion in subsidies for solar power.

Agence France-Presse/Getty Images

A man cleans snow from solar panels in central Spain

earlier this year.
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Since the financial crisis and ensuing recession hit in 2008, Spain has been seeking to reduce the cost of the handouts.
In July it reached agreement with the renewables industry to cut the feed-in tariff for wind and solar-thermal projects—
but only for new projects.

However, Spain took a different tack with solar photovoltaics. The cut it is planning for this sector will affect feed-in
tariffs for existing power plants as well as new ones.

Investors say the cut is retroactive—a claim the government denies. Under the current regime, solar-power generators
are entitled to be paid the feed-in tariff for all the electricity they produce. The government is proposing placing a cap
on the number of subsidized hours of generation that solar plants can sell to the grid.

Mr. Murley said some €20 billion has been invested in the solar-PV plants in Spain, with at least€8 billion of that
coming from international investors such as banks and pension funds, and the rest from Spanish banks and private
investors.

He said the tariff changes could force many solar producers into default on their debts, which would mean big write-
downs for Spanish banks already saddled with bad loans in the real-estate sector.

—Juan Montes contributed to this article.

Write to Guy Chazan at guy.chazan@wsj.com
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German tariff cuts to spark solar sector bloodbath
Fri, Jan 15 2010

By Christoph Steitz and Leonora Walet - Analysis

FRANKFURT/HONG KONG (Reuters) - A potential deep cut in feed-in tariffs in Germany
will hit solar companies around the world and increases pressure on large players to
reduce exposure to the world's largest photovoltaic market.

Analysts say that lower prices could result in a shakeout in the industry that drives higher
cost players out of business and dissuades new entrants.

Shares in solar firms plummeted after a Reuters report that the German government
plans to chop feed-in tariffs -- prices utilities pay generators of renewable energy -- as
early as April, much more deeply and sooner than the market expected.

Analysts agree that the plans, which envisage a one-off cut of 16-17 percent on top of
the 10 percent already set out in the German Renewable Act, will deal a major blow to

the sector, which the German government thinks is overly subsidized now.

Most of the industry's leaders -- such as Yingli and Suntech from China, Q-Cells and SMA Solar from Germany and U.S. groups First Solar
and SunPower -- have big sales exposure to Germany.

"This is negative for the whole sector as the mentioned cuts are not only higher than the 10 percent expected, but in particular would also
be implemented one quarter earlier," UniCredit analyst Michael Tappeiner wrote to clients.

"In addition, the subsidy cuts would initially reduce investment returns in the ground-mounted solar park segment to unattractive levels," he
added.

The solar industry depends on generous feed-in tariffs as long as grid parity -- the point at which energy from solar modules costs the same
as that won from fossil fuels -- has not been reached.

Large utilities must pay producers of solar power the feed-in tariffs, which have gradually fallen from 57 euro cents per kw in 2004 to 39
cents this year. The utilities then pass the higher costs to consumers.

"The biggest sufferers in our universe would be Q-Cells, Solon, SolarWorld, and SMA Solar," said DZ Bank analyst Sven Kuerten.

Germany's biggest solar companies are highly dependent on the domestic market. Q-Cells made 56 percent of its sales in the first nine
months of 2009 in Germany, SolarWorld 67 percent and SMA Solar more than 70 percent.

Analysts said foreigners would suffer too.

"With a possibly disproportionate decline in demand ... we cannot exclude effects on Chinese companies as well," LBBW analysts said,

calling the report "devastating news."

NO WAY AROUND GERMANY

Germany accounts for about half of global panel sales at China's Yingli and more than half at Suntech. U.S.-based First Solar, which is set
to become the world's biggest maker of solar cells and has a manufacturing site in Germany, made 60 percent to 70 percent of its sales
here last year.

"For the big players, there is no real way around Germany, to be honest," said SES Research analyst Karsten von Blumenthal.

"Sure, companies try to enter markets such as France, Italy, Spain and the Czech Republic. But we're talking about markets that are way
smaller than Germany," he added.

European solar industry association EPIA expects that combined installation volume in those four countries will total up to 1.96 gigawatts in
2010, or 18 percent of estimated global 2010 output, compared with 2.8 gigawatts for Germany.

Blumenthal said it was doubtful whether other European countries could offset a large market slump in Germany.

Europe excluding Germany accounted for 32 percent of Q-Cells sales in the first nine months of 2009. The respective share for SolarWorld,

whose chief executive, Frank Asbeck, described the planned cuts as unacceptable, was 19 percent.

"The problem for some of the German producers such as the country's No.1 SolarWorld as well as Q-Cells is that they are quite pricey and

have high fixed costs," said an analyst who declined to be named.

Pricing could be decisive when it comes to snapping up orders in Germany, even though the overall market is likely to decline if a significant

cut in tariffs materializes.

"The flip side to that is for the Chinese such a large cut means they'll have significant advantage in terms of pricing," said CLSA analyst

Charles Yonts.

Chinese manufacturers produce at much lower prices than German peers and analysts have pointed out that they have less difficulty in

securing credit lines from domestic banks.

Any significant one-off cuts, however, would have a positive effect in the short term as customers rush orders to benefit from tariffs before
they fall even more.

"The steeper the digression, the more front-half loaded the year's installations will be as people take advantage of the higher feed-in tariff,"
said John Hardy, analyst at Broadpoint AmTech.

(Additional reporting by Erik Kirschbaum in Berlin, Victoria Bryan in London, Laura Isensee in Los Angeles and Matt Daily in New York;
Editing by Sitaraman Shankar)
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German Solar Feed in Tariff additional cut in mid 2011 almost certain unlike
2010 Drama
15 Dec, 2010 || by Abhishek Shah
Germany, Solar Energy

Germany is almost certain to cut the solar feed in tariff in 2011 on top of the regular 13% decrease.Note Germany is the largest
solar market in the world by far and installed an astounding 8 GW of solar panels in 2010.With almost 18 GW of total solar
installations,the German solar energy capacity is almost half of the world’s capacity despite bad conditions for solar
energy.Germany had set a target of around 4-5 GW of solar energy this year in the upper case and this has been vastly exceeded
as solar module price cuts have made it attractive to install solar panels.

Now the Opposition coalition has agreed in principle to change the feed in tariff law for solar energy.Note Feed in Tariffs are a
mechanism by which electricity generated from renewable energy sources are given higher tariffs.2010 was a tumultous year for
German Solar Industry as policymakers negotiated almost for the whole year before cutting feed in tariffs by an additional 10-
16% on top of the regular 10%.This means that in 1 year solar feed in tariffs in Germany will decrease by almost 35% and still
more cuts are needed.

Here is how the 2010 feed in tariff story for Germany unfolded seeing numerous twists and turns with strong industry
protests and a number of changes.

Germany solar FIT reduction seems final after 6 months of speculation

German Solar Feed in Tariff Story gets another Twist as Upper House refuses to pass the Law

German Solar FIT Reduction Compromise proposed between Bundesrat and Bundestag

Germany’s 2010 one off Solar Feed in Tariff Cuts finally pass after 9 months of Negotiations

German opposition backs new cuts for solar power aid

Germany’s main centre-left opposition parties have backed calls to make further cuts in support for new solar power
installations, which may help the government to bring forward reductions in aid.Both the environmentalist Greens
and Social Democrats (SPD), who enacted legislation under ex-chancellor Gerhard Schroeder that created the basis
for a boom in solar investment, said they were open to paring back assistance the industry receives.

“In view of recent developments, a measured reduction in allowances for photovoltaics is definitely possible,” said
Baerbel Hohn, deputy head of the Greens in parliament.The SPD is also open to the option of cutting back support,
according to internal papers seen by Reuters on Tuesday.Germany’s Environment Ministry welcomed the news.
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IPL Level 3 Interconnection and Queue Process Summary

1. Preliminary Discussions
a. Applicants identify general locations for interconnection points. Pole

numbers, transformer numbers, street addresses, roadways and
intersections are helpful in determining a likely point of interconnection.
The applicant should verify the potential location is wholly within the IPL
service territory at https://myweb.in.gov/IURC/EstRead

b. The identity and location of potential points of interconnection are
provided to the customer. The general results may include location
characteristics, such as near the main line, single phase tap, etc. and
possible capacity available.

2. Applicant submits an application for interconnection that should, at minimum,
contain the information listed in Attachment A, IPL Level 2-3 DG Application.
The application will include a check in the amount prescribed by170 IAC 4-4.3-4.

3. IPL review of the submitted application for completeness
a. The documents are reviewed for omissions and obvious problems or

deficiencies.
b. The documents are reviewed for compliance with standards.
c. The proposed generating equipment is reviewed for compliance with

standards and as qualifying equipment for the purpose intended (back-up
generators, renewable energy generators, etc).

4. IPL may notify Applicant of deficiencies in the application or, if complete,
notifies the Applicant that the application is complete and deposits the Applicants
check.

5. IPL will make an estimate of the cost of a System Impact Study (SIS) and submit
this estimate and an Interconnection Study Agreement to the Applicant.

6. Upon receipt of the executed Interconnection Study Agreement, IPL will deposit
the Applicant’s check for additional SIS fees, if needed and commence the SIS.
Additional information may be required from the Applicant. At this point, if the
Applicant meets the SIS study requirements, a position in the
Interconnection Queue is established for the Applicant that is project
specific. The queue position may not be traded or alternative projects substituted.
Failure of the Applicant to provide requested information necessary for the study
in a timely manner may result in removal from the Interconnection Queue.

7. IPL will notify the Applicant of any remaining study costs due and deliver the
results of the SIS upon receipt of any amounts due. If necessary and requested by
the Applicant, IPL will make an estimate of a Facilities Study. Upon receipt of
payment for the estimated cost of the Facilities Study, IPL will conduct the
Facilities Study. Failure of the Applicant to provide authorization to proceed in a
timely manner may result in loss of position in the Interconnection Queue.

8. IPL will notify the Applicant of any remaining study costs due and deliver the
results of the Facilities Study upon receipt of any amounts due.

9. Upon request of the Applicant, IPL will provide an Interconnection Agreement
(IA) detailing the requirements identified in the Facilities Study.
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10. Upon execution of the IA and payment of any fees or costs due as identified in the
IA, IPL will commence construction or installation of any improvements
identified in the IA.

Revision 1
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Generator Interconnection Process
Level 3 Application

Rev. 01-12-2011 1

A. Generator Interconnection Process Overview

Screening Phase
A general screening of the proposed generation and location is requested by the
Applicant to determine if the proposed location(s) are feasible.
1. The Applicant provides proposed generator locations by IPL map and pole

numbers, Customer meter number, street address or latitude and longitude,
and preliminary generator MW capacity and AC voltage rating.

2. IPL performs a general screening and notifies or meets with the Applicant to
review the results. The general results may include location characteristics,
such as near the main line, single phase tap, etc. and possible capacity
available. IPL may suggest the applicant submit an application for the
maximum capacity they prefer but the maximum capacity should not exceed
10 MVA on the general distribution system. The System Impact study
process will then determine the actual capacity available. IPL may inform
the Applicant of basic types of facilities used to connect typical generation to
the system, such as disconnect switches, wire, poles, breakers, reclosers,
revenue meters, protective devices, etc.

3. IPL may provide the Applicant with interconnection process information as
follows.
a. Reference to the Indiana Utility Regulatory Commission (IURC)

interconnection requirements contained in the Indiana Administrative
Code, Title 170, Indiana Utility Regulatory Commission, Rule 4.3,
Customer-generator Interconnection Standards, 170 IAC 4-4.3. See the
following link to the State of Indiana web site for the requirements:
http://www.in.gov/legislative/iac/T01700/A00040.PDF

b. Application process and the Initial Review fee. A portion of the Initial
Review fee used for processing, recording and initial review of the
application is not refundable. The remainder of the Initial Review fee is
applied toward the System Impact Study fee.

c. Information on additional fees for the System Impact Study (SIS) and
Facility Study. Actual costs will be billed or credited to the Applicant
following completion of the SIS and Facility study.

d. Requirement that the application for interconnection must contain a
single interconnection point. Any additional engineering studies and cost
estimates needed to analyze multiple interconnection points is the
responsibility of the applicant.

e. Discussion of IPL Rate options such as Renewable Energy Production,
Net Metering, etc.

Application Phase
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Generator Interconnection Process
Level 3 Application

Rev. 01-12-2011 2

An application for Interconnection including an Initial Review fee is submitted to
IPL.
1. Upon receiving an application for interconnection, IPL will process and

record the application. IPL will begin to perform an initial review of the
application to determine if the Interconnection request is complete including
eligibility of the applicant per IURC Interconnection standards. A portion of
the Initial Review fee used for processing, recording and initial review of the
application is not refundable. The remainder of the Initial Review fee is
applied toward the System Impact Study fee.

2. The Applicant must meet the application phase requirements including
selection of a single interconnection point in order for the application to be
considered complete by IPL. If the application is complete, IPL will perform
the following.
a. Begin management of the project by assigning a project number and

depositing of the Initial Review fee into the project account.
b. Move the Interconnection Request to the Study Phase process.

However, the Application is not assigned a Queue position until the
requirements of the Study Phase are complete.

3. If the application is incomplete, IPL will notify the customer of the
deficiencies. The deficiencies may include missing or incomplete
information on the application. IPL may elect to return an incomplete
application and the Initial Review fee if the deficiencies are not addressed
by the Applicant.

4. IPL may schedule a scoping meeting to discuss the application.

Application Phase Requirements
 Completed Application
 Completed Application Phase Attachment A Information
 Payment of Initial Review Fee
 Selection of a single interconnection point

Study Phase
Studies are required to assess the impact of the proposed generator
interconnection on the IPL system. The Interconnection Application can only
progress to the System Impact Study (SIS) Phase by completion of the
requirements of the Application Phase process.
1. The System Impact Study scope, estimated schedule and a good faith non

binding cost estimate to perform the study will be determined in the study
phase. Actual costs will be billed or credited to the Applicant following
completion of the SIS study. The scope may consist of the typical types of
system studies shown below.
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Generator Interconnection Process
Level 3 Application
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2. The System Impact study will begin after the Applicant has executed the
Study Agreement and met the SIS Requirements including payment of fees.
The Study Agreement includes the terms and conditions for IPL to perform a
System Impact Study and if elected by the Applicant, a Facility Study.

3. The Application is not assigned a Queue position until the requirements of
the SIS phase are complete. The original Queue Position will be used to
determine the order for the System Impact Study. The Queue rules are
provided below.

4. IPL will perform the System Impact Study and notify the customer of the
results. IPL will also provide a preliminary cost estimate for network
upgrades and interconnection facilities based on the SIS results.

5. The applicant may request that IPL perform a Facility Study. The Facility
study can only be performed after completion of the System Impact Study.
IPL will provide a good faith non binding cost estimate and schedule to
perform the Facility Study. Actual costs will be billed or credited to the
Applicant following completion of the Facility study. The typical Facility
Study scope is described below.

6. The Facility study will begin after the Applicant has made the request in
writing to IPL and met the Facility Study Requirements including payment of
fees. The Study Agreement, executed by the Applicant and IPL during the
SIS Phase includes the Facility Study terms and conditions.

7. Upon completion of the Facility study, IPL will provide the Applicant with the
study results. The Facility Study will clearly describe, list and determine the
cost, schedule and time estimate to construct the Network Upgrades and
Interconnection Facilities and other requirements as necessary to physically
and electrically interconnect the proposed generating facility.

8. If the Applicant withdraws during the System Impact Study or Facility Study,
unused portions of the study fees are refundable based on costs incurred to
date.

System Impact Study Requirements
 Completed Application Phase Requirements
 Completed System Impact Study Attachment A Information
 Payment of System Impact Study Fee.
 Signed Study Agreement
 Letter of Intent or Verification of Property Owner Consent

Facility Study Requirements
 Completed System Impact Study Phase Requirements
 Completed Facility Study Attachment A Information
 Payment of Facility Study Fee
 Request in Writing for IPL to Perform a Facility Study
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 Submitted Necessary Permit Applications
 Proof of Site Control

Proof of site control consists of documentation demonstrating ownership,
leasehold interest in, or right to develop a site for the purpose of
constructing a generating facility.

Interconnection Agreement Phase
An Interconnection Agreement is required prior to interconnection of the
proposed generator to the IPL system. The Interconnection Application can only
progress to the Interconnection Agreement Phase by completion of the
requirements of the System Impact Study or Facility Study Phase.
1. IPL and Applicant develop an Interconnection Agreement (IA).
2. The development of the Interconnection Agreement will begin after the

Applicant has met the Interconnection Agreement Requirements except for
payment of all network upgrade and interconnection costs.

3. Payment for construction of all network upgrade and interconnection costs
is required prior to signature of the IA.

4. After execution of the IA, the applicant may only suspend the construction of
network upgrades and interconnection facilities for Force Majeure reasons.

Interconnection Agreement Requirements
 Completed System Impact Study or Facility Study Phase Requirements
 Payment of Actual System Impact Study and Facility Study Fees
 Submitted Necessary Permit Applications
 Proof of Site Control
 Equipment Ordered
 Requested Regulatory Approval
 Proof of Adequate Insurance

Interconnection Agreement Signature Requirements
 Payment for all Network Upgrade and Interconnection Costs

B. Generator Interconnection Process Description

System Impact Study
The System Impact Study will identify electric system impacts that will result from
the proposed generator interconnection. Standards such as IEEE Std 1547, UL
1741 and others will be used as guidelines to perform the study. The study will
determine final Interconnection and Network Upgrades, O&M, metering,
protection, etc. requirements and other needs. The study will be conducted for a
single interconnection point. The study will include preparation of draft
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documents and appendices to the Interconnection Agreement and Facilities
Construction Agreement.

Typical Study Type
1. Develop IPL and Applicant One-Line Diagram
2. System Studies

Power Flow and Power Factor
Capacity
Short Circuit
Power Quality Flicker
Power Quality Harmonics
Stability
Transients

3. Engineering Studies and Review
Voltage Regulation
Grounding and Overvoltage
Synchronization
Monitoring/SCADA Provisions
Isolation Device
Reclose Coordination/Reconfiguration
Protection for Voltage and Frequency
Reconnection
Unintentional Islanding
Transformer Connections Effects
System and Customer Protection and Coordination

4. Construction, O&M and Ancillary Requirements
Operational Guidelines – Normal and Emergency Requirements
Unique Characteristics of the Interconnection Point
Maintenance and Periodic Testing per IEEE 1547 and IURC Requirements
Construction – IPL Gold Book and Good Utility Practice Requirements
Revenue Metering
Rate Review

5. Preliminary Cost Estimate and Schedule
Interconnection Facilities
Network Upgrade Facilities

Facility Study
The Facility Study will clearly describe, list and determine the cost, schedule and
time estimate to construct the Network Upgrades and Interconnection Facilities
and other requirements as necessary to physically and electrically interconnect
the proposed Generating Facility. The study will include preparation of draft
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documents and appendices to the Interconnection Agreement and Facilities
Construction Agreement.

Typical Study Objectives
1. Development of detailed cost estimates based on the proposed commercial

operation date of the project showing a detailed breakdown of facilities by
major component.

2. Identification of the electrical switching configuration of the connection
equipment including transformers, switchgear, reclosers, meters and other
equipment.

3. Identification of equipment and estimated cost of interconnection facilities,
network upgrades, system protection and SCADA facilities, etc.

4. An estimate of the time required to construct the facilities
5. Development of One-Line diagrams and other drawings needed to show the

new and modified facilities.

Interconnection Queue
The Interconnection Queue consists of a first in - first served process. The first
Applicant ready to move ahead in the process based on completion of the
requirements of each phase of the interconnection process will move ahead in
the Queue. The original Queue position for Interconnection requests will be
based on the date and time the System Impact Study requirements are deemed
complete by IPL. The original Queue position will be used to determine the order
for the System Impact Study Phase. If additional information is requested from
the Applicant during any study phase, the applicant must respond within ten (10)
business days in order to maintain Queue position.

The Queue position for Interconnection requests will be determined based on the
date and time the applicant met the last Requirement in the process. IPL will
record the date and time of completion of each Requirement for each
interconnection request. The Queue position for an interconnection request can
change based on actual completion of the Requirements by the Applicant. IPL
will notify applicants of any change in Queue position.

Upon withdrawal from the interconnection process, the Applicant will be shown
as withdrawn in the Queue.

Rate REP Queue
Refer to the Renewable Energy Production (REP) Rate Queue policy document
for specific information regarding the application, requirements and procedures.
The Rate REP Queue is separate from the Interconnection Queue.
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References
1. Indiana Utility Regulatory Commission Customer-Generator Interconnection

Standards, 170 IAC 4-4.3, Web site address:
http://www.in.gov/legislative/iac/T01700/A00040.PDF

2. IPL Level 3 DG Application
3. IPL Level 3 DG Application for Interconnection Attachment A
4. IPL Level 3 DG Application Study Agreement Attachment B
5. IPL DG Interconnection Queue
6. IPL Rate REP Queue Policy
7. IEEE Std. 1547, Standard for Interconnecting Distributed Resources with

Electric Power Systems
8. IEEE Std. 1547.1, Standard for Conformance Test Procedures for Equipment

Interconnecting Distributed Resources with Electric Power Systems
9. IEEE Std. 1547.2, Application Guide for Interconnecting Distributed

Resources with Electric Power Systems
10.IEEE Std. 1547.3, Guide for Monitoring, Information Exchange and Control of

Distributed Resources Interconnected with Electric Power System
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Application Phase Requirements
1. Completed Application
2. Completed Application Phase Attachment A Information Listed Here
3. Payment of Initial Review Fee
4. Selection of a single interconnection point
5. Single-line diagram of the customer’s system showing all electrical

equipment from the generator to the point of interconnection with the IPL
system, including generators, transformers, switchgear, switches, breakers,
fuses, instrument transformers, auxiliary equipment, etc.

6. Site Plans showing the physical location of major equipment.
7. Relevant ratings of equipment. Transformer information should include

capacity ratings, voltage ratings, winding arrangements, and impedance.
8. Protection system description including protection package, disconnecting

means, synchronizing capabilities, etc.
9. For Certified* equipment, documentation confirming that a nationally

recognized testing and certification laboratory has listed the equipment.
10.A description of how the generator system will be operated including all

modes of operation.
11.This interconnection request is for (identify one):
o A proposed new generating facility

Provide maximum AC kVA/kW output
o A change in the existing capacity of a single generator

Provide maximum before AC kVA/kW output
Provide maximum after AC kVA/kW output

o Additional new generation at a site with existing generation
Provide maximum existing AC kVA/kW output
Provide maximum additional AC kVA/kW output

12.Proposed Generator Commercial Operation Date
13.Proposed Interconnection Facilities In-Service Date

System Impact Study Phase Requirements
1. General - All Generation Types
o Completed Application Phase Requirements
o Completed System Impact Study Attachment A Information Listed Here
o Payment of System Impact Study Fee
o Signed Study Agreement
o Letter of Intent or Verification of Property Owner Consent
o Description of how the installation will meet the requirements of IEEE Std

1547 and UL 1741.
o Three line diagram of generator and auxiliary system package
o Control drawings for relays and breakers.
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o If protective relays are used, settings applicable to the interconnection
protection. If programmable relays are used, a description of how the
relay is programmed to operate as applicable to interconnection
protection.

o Current harmonic spectrum in accordance with IEEE Std 1547 and IEEE
Std 519 at the output terminals of the total generator or inverter system
package or at the low voltage side of the transformer that provides power
to the facility from the IPL system. Provide the Individual and total current
spectrum over all operating output.

o Generator models and parameters for use in power flow and other
simulation programs

2. Inverter Generation
o For inverters, the manufacturer name, model number and AC power rating

and all other nameplate ratings. Operating manual or link to
manufacturer’s web site containing such manual.

o Describe how the installation will meet the requirements of UL 1741.
o Short circuit current from Inverter or Inverter isolation transformer and

associated time of injection of fault current. Identify peak or momentary
fault current injection and time duration.

o Provide the power factor over the range of inverter output.
o Provide associated impedance information of intermediate equipment from

the inverter output such as the line reactor, transformer, cabling, etc. to
the low voltage side of the service transformer to IPL system.

3. Synchronous Generation
o For Synchronous generators, manufacturer and model number and all

other Nameplate ratings and impedance data.
o Machine data (per unit)

Synchronous Reactance Xd
Transient Reactance X’d
Subtransient Reactance X”d
Negative Sequence X2
Zero Sequence X0
Armature Winding Resistance R1, R2 and R0

o Machine Capability Curves
4. Induction Generation
o For induction generators, manufacturer, model number and all other

nameplate ratings and locked rotor current.
o Machine data (per unit)

Stator Reactance and Resistance
Rotor Reactance and Resistance
Magnetizing Reactance
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Short Circuit Reactance
Grounding Method and Grounding Impedance
Reactive Power Required at No Load
Reactive Power Required at Full Load
Locked Rotor Current

o Additional Wind Generator Data Listed Below
Type – Induction or Inverter
Voltage and Frequency Dropout limits
List of Adjustable Settings for Protective and Control Functions

5. Interconnection Transformer
o Nameplate Ratings

Capacity Self-Cooled/Maximum Nameplate KVA
Winding Voltage (Low V/High V/Tertiary V)
Winging Phase Relationship (Delta or Wye)
Fixed Taps available/Present Tap Setting
Automatic Tap Changer available Taps/Present Setting

o Impedance
Positive Z1 (% on self cooled kVA rating) and X/R
Zero Z0 (% on self cooled kVA rating) and X/R

Note: Applicable data sheets are required for multiple transformers and
for multiple winging transformers

Facility Study Phase Requirements
1. Completed System Impact Study Phase Requirements
2. Completed Facility Study Attachment A Information Listed Here
3. Payment of Facility Study Fee
4. Request in Writing for IPL to perform a Facility Study
5. Submitted Necessary Permit Applications
6. Proof of Site Control

Proof of site control consists of documentation demonstrating ownership,
leasehold interest in, or right to develop a site for the purpose of
constructing a generating facility.

Interconnection Agreement Phase Requirements
1. Completed System Impact Study or Facility Study Phase Requirements
2. Payment of Actual System Impact Study and Facility Study Fees
3. Submitted Necessary Permit Applications
4. Proof of Site Control
5. Equipment Ordered
6. Requested Regulatory Approval
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7. Proof of Adequate Insurance

Interconnection Agreement Signature Requirements
1. Payment of all Network Upgrade and Interconnection Costs



Application For Interconnection
Level 2**- 2MW or Less or Level 3**- All Other Facilities

* Certified as defined in 170 IAC 4-4.3-5
** Level 2 & Level 3 as defined in 170 IAC 4-4.3-4(a)

10-09-06

Customer Name:

Customer Address:

Project Contact Person:

Phone No.: Email Address (Optional):

Provide names and contact information for other contractors and engineering firms involved in the
design and installation of the generation facilities:

Total Generating Capacity of Customer-Generator Facility:

Type of Generator: Inverter-Based Synchronous Induction

Power Source: Solar Wind Diesel-fueled Reciprocating Engine

Gas-Fueled Reciprocating Engine Gas Turbine Microturbine

Other (Specify)

Is the Equipment “Certified” * as defined by 170 Indiana Administrative Code (“IAC”) 4-4.3-5

Yes No

Indicate all possible operating modes for this generator facility:

Emergency / Standby – Operated when Indianapolis Power & Light Company service
is not available. Paralleling is for short durations.

Peak Shaving – Operated during peak demand periods. Paralleling is for extended

times.

Base Load Power – Operated continuously at a predetermined output. Paralleling is
continuous.

Cogeneration – Operated primarily to produce thermal energy. Paralleling is

extended or continuous.

Renewable non-dispatched – Operated in response to an available renewable

resource such as solar or wind. Paralleling is for extended times.

Other – Describe:

Will the Customer-Generator Facility export power? Yes No If yes, how much?
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Application For Interconnection
Level 2**- 2MW or Less or Level 3**- All Other Facilities

* Certified as defined in 170 IAC 4-4.3-5
** Level 2 & Level 3 as defined in 170 IAC 4-4.3-4(a)

10-09-06

Level of Interconnection Review Requested:

Level 2** for nameplate rating 2MW or less
Level 3** for all other facilities

Fees

Level 2 Initial Review $50 plus, $1/kW of nameplate capacity.

Additional Review
1

Non-binding, good faith estimate provided to customer.

Level 3 Initial Review $100 plus, $2/kW of nameplate capacity.
Impact Study Non-binding, good faith estimate provided to customer.

Facility Study Non-binding, good faith estimate provided to customer.
1

Additional Review may be elected by the customer for the case where the facility failed
to meet one or more of the applicable requirements and the Initial Review indicated that

additional review may enable the Company to approve the application with minor
modifications.

For this application to be considered complete, adequate documentation and information must be

submitted that will allow Indianapolis Power & Light Company (“IPL”) to determine the impact of
the generation facilities on IPL’s electric system and to confirm compliance by Customer with the

provisions of 170 IAC 4-4.3 and IPL’s requirements. Typically this should include the following:

1. Single-line diagram of the customer’s system showing all electrical equipment from the

generator to the point of interconnection with IPL’s distribution system, including
generators, transformers, switchgear, switches, breakers, fuses, voltage transformers,

and current transformers.

2. Control drawings for relays and breakers.

3. Site Plans showing the physical location of major equipment.

4. Relevant ratings of equipment. Transformer information should include capacity ratings,
voltage ratings, winding arrangements, and impedance.

5. If protective relays are used, settings applicable to the interconnection protection. If

programmable relays are used, a description of how the relay is programmed to operate
as applicable to interconnection protection.

6. For Certified* equipment, documentation confirming that a nationally recognized testing
and certification laboratory has listed the equipment.

7. A description of how the generator system will be operated including all modes of

operation.

8. For inverters, the manufacturer name, model number, and AC power rating, Operating
manual or link to manufacture’s web site containing such manual.

9. For synchronous generators, manufacturer and model number, nameplate ratings, and

impedance data (Xd, X’d, & X’’d).

10. For induction generators, manufacturer and model number, nameplate ratings, and
locked rotor current.

This application is subject to further consideration and study by IPL and the possible need for

additional documentation and information from Customer.

Submittal of Fees, Application and Documentation
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Application For Interconnection
Level 2**- 2MW or Less or Level 3**- All Other Facilities

* Certified as defined in 170 IAC 4-4.3-5
** Level 2 & Level 3 as defined in 170 IAC 4-4.3-4(a)

10-09-06

Fees - Payment for the Initial Review shall be sent to IPL Distributed Generation

Interconnections, Attn: Sonya Kunkel, 1230 W Morris St., Indianapolis, IN 46221. Please
make checks payable to Indianapolis Power & Light Co. and include the customer’s

name and address on the check.

Application and Documentation - Please send the application and all documentation

electronically to Sonya Kunkel using the standard e-mail formatting. All paper copies of
documentation should be scanned electronically prior to submittal to IPL.
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STATE OF INDIANA

UTILITY REGULATORY COMMISSION

VERIFIED PETITION OF INDIANAPOLIS )
POWER & LIGHT COMPANY REQUESTING )
THE INDIANA UTILITY REGULATORY )
COMMISSION TO APPROVE (1) NEW AND )
ENHANCED DEMAND SIDE MANAGEMENT AND )
ENERGY EFFICIENCY PROGRAMS; (2) )
RATEMAKING RECOGNITION OF SUCH )
COSTS, INCLUDING TIMELY RECOVERY OF )
ASSOCIATED COSTS, INCLUDING LOST )
REVENUE AND PERFORMANCE INCENTIVES ) CAUSE NO 43960
PURSUANT TO STANDARD CONTRACT RIDER )
NO. 22 IN ACCORDANCE WITH INDIANA CODE )
8-1-2-42(a) AND 170 IAC 4-8-1 ET SEQ.; (3) )
ASSOCIATED ACCOUNTING AUTHORITY, )
INCLUDING AUTHORITY TO DEFER COSTS )
INCLUDING CARRY CHARGES INCURRED )
TO IMPLEMENT CORE DSM PROGRAMS AND )
OTHERWISE COMPLY WITH THE PHASE II)
ORDER IN CAUSE NO. 42693; AND (4) )
REVISIONS TO RATE REP. )

Comes now the Indiana Distributed Energy Advocates, Inc. (IDEA) second set of

objections and res

GENERAL OBJECTIONS

1.

the discovery of documents which are not material or relevant to the subject matter of this

proceeding and which are not reasonably calculated to lead to the discovery of relevant or

admissible evidence.
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2.

information that is outside the scope of these proceedings, and as such, the requests seek information not

reasonably calculated to lead to the discovery of relevant or admissible evidence.

3.

confidential or privileged information that is either not relevant to the subject matter of these proceedings,

or is not admissible evidence.

requests, IDEA sets forth the following in response:

Request 2-1 Please describe Mr. training and qualifications in the areas of
financial analysis, discounted cash flow analysis, and net present value analysis.

Response:

My qualifications are twofold. First, as the founder and CEO of ECI Wind and Solar, it has been
my one of my primary professional responsibilities to perform payback analysis, including
discounted cash flow analysis and net present value calculations, for renewable energy systems.
These skills have been used internally by ECI Wind and Solar to examine potential capital
investments and customer systems financial performance. Furthermore, ECI Wind and Solar has
been contracted directly to perform third party financial and project feasibility studies for
proposed renewable energy projects. Secondly, my educational back ground is as a
computational astrochemist; I am currently a PhD candidate at Purdue University. During my
ten years of collegiate education, my course work has included full semesters in Differential and
Integral Calculus, as well as course work involving multivariate calculus, differential equations,
and linear algebra. My day-to-day research, involves computational quantum mechanical
calculations using various ab inito (and other density-functional) methods to approximate
explicit solutions to the correlated multi-variable differential equation to describe the electronic
structure of astrochemical complexes. In summary, for the last 10 years, I have spent my day to
day life learning and speaking the language of mathematics, and for the last 5 years this has
extended to these financial calculations. Because the DCF and NPV calculations are trivial, I am
well within my training to analyze and comment professionally on the resulting data.

Request 2-2 Please provide the dates or approximate dates when Mr. Cotton served as
President of the Indiana Renewable Energy Association and indicate whether Mr. Cotton is
currently a member.
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Request 2-8 What is the estimated productive life of a typical renewable energy project in

Response

Solar: 30 years
Wind: 20 years

Request 2-9 Please provide Mr. estimate of the estimated net present value of the
salvage value of a renewable energy project at the end of 10 years and at the end of 15
years.

Response

Since the General Expression for NPV is:

Expanded this is:

Since the net cash flow for scrap value is zero at all years except the year of the scrap sale, then
all of the terms before the term for the year of the sale are zero. This allows us to simplify the
sum to one term such that the NPV at year t is:

Where Rt is the estimated value of the scrap, t is the year of the sale and i is the discount rate,
such that given a present day estimated scrap value of 5% of the original capital costs, then the
NPV of the scrap at the 15th year can be generalized to be 1.81% of the original capital costs for
any project scraped in the 15th year or 1.29% of the capital costs for any project scraped at the
20th year.
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VERIFIED REBUTTAL TESTIMONY OF JAMES L. CUTSHAW 

Q1. Please state your name, employer and business address. 1 

A1. My name is James L. Cutshaw.  I am employed by Indianapolis Power & Light Company 2 

(“IPL” or “Company”), One Monument Circle, Indianapolis, Indiana, 46204.  My 3 

position is Revenue Requirements Manager. 4 

Q2. Are you the same James L. Cutshaw who prefiled Direct Testimony in this Cause on 5 

October 15, 2010 and Supplemental Direct Testimony on December 10, 2010? 6 

A2. Yes. 7 

Q3. What is the purpose of your rebuttal testimony? 8 

A3.  I am responding to comments in the direct testimonies of Industrial Group Witness Mr. 9 

Nicholas Phillips, Jr. and OUCC Witness Mr. Greg Foster. 10 

RATE DESIGN ISSUES 11 

Q4. Do you agree with Mr. Phillips that the proposed addition of costs to Rider No. 22 is 12 

an unwarranted expansion to a tracker?  (Direct Testimony of Phillips, p. 8) 13 

A4. No.  The Indiana Utility Regulatory Commission’s (“Commission”) demand side 14 

management (“DSM”) rules provide that a utility is entitled to cost recovery of planning 15 

and implementing DSM.  170 IAC 4-8-5(a).  Traditionally, this has been done through a 16 

cost recovery mechanism approved by the Commission.  IPL has long used a rider 17 

(previously Rider No. 3 which was recently superseded by Rider No. 22) to recover costs 18 

of DSM programs approved by the Commission, so including the DSM costs whose 19 

recovery is proposed in this proceeding is consistent with past practice.  However, the 20 

Commission’s December 9, 2009 Phase II Order in Cause No. 42693 (the “Generic DSM 21 

Order”) requires a significant expansion of DSM and, because of that expansion, an 22 
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increase in DSM costs.  Given this expansion, now is not the time to discontinue recovery 1 

of DSM costs through a cost recovery mechanism like Rider No. 22.  Requiring utilities 2 

to absorb these significant, varying costs that are largely outside their control or obtain 3 

recovery only through a rate case will discourage support for the DSM expansion the 4 

Commission is targeting. 5 

Q5. Do you believe granting approval to recover the costs of IPL’s proposed DSM 6 

programs through Rider No. 22 reduces traditional business risk as advocated by 7 

Mr. Phillips?  (Direct Testimony of Phillips, p. 8) 8 

A5. No.  Mr. Phillips focuses only on the ability to recover costs, ignoring the significant 9 

additional risks the Commission’s Generic DSM Order imposes on IPL.  IPL faces a new 10 

mandate to achieve DSM energy savings targets.  Many factors beyond IPL’s control 11 

may cause it to fall short of those targets and the Commission has not made clear what 12 

consequences a utility may face for failing to meet the targets.  The Generic DSM Order 13 

also requires IPL to significantly increase spending on DSM programs with the goal of 14 

reducing sales.  This is exacerbated for IPL because, unlike other utilities in Indiana, IPL 15 

has not been authorized to recover lost margins.  Allowing cost recovery only addresses 16 

the mandated cost increase.  The other significant risks remain and on balance IPL is at 17 

greater risk, not less, as a result of the Generic DSM Order.   18 

Q6. How do you respond to the Industrial Group’s contention that DSM may provide 19 

greater opportunities for off-system sales?  (Direct Testimony of Phillips, p. 9) 20 

A6. If the efforts in Indiana and surrounding states to increase DSM efforts succeed, there 21 

may not be much opportunity for sales outside IPL’s service territory.  But even if Mr. 22 

Phillips is correct that IPL would have greater opportunities for off-system sales, IPL 23 
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faces an earnings test, as a tool to guard against overearning, in each fuel adjustment 1 

clause proceeding under Ind. Code §§ 8-1-2-42 and 42.3.  If the additional sales result in 2 

IPL’s earnings bank, calculated in accordance with Ind. Code § 8-1-2-42.3, becoming 3 

positive, IPL will be required to reduce its fuel charge. 4 

COST RECOVERY OF EVSE THROUGH RIDER NO. 22 5 

Q7. Why is IPL proposing cost recovery of the EVSE pilot project through Rider No. 22 6 

if it does not deem the costs material, volatile or largely out of IPL’s control 7 

(Public’s Exhibit No. 5, p. 7)? 8 

A7. Many of the individual costs of IPL’s DSM program, standing alone, would not be 9 

deemed material, volatile or largely out of IPL’s control.  The Commission evaluates the 10 

aggregate costs together.  A contrary result would allow any set of costs for which 11 

recovery is sought to be broken down into their individual components to claim this 12 

standard is not satisfied and evade the purpose of the standard.  Moreover, recovery of 13 

the EVSE should be permitted as a matter of good policy.  IPL has cooperated with 14 

Project Plug-In and other efforts in the State to create an environment that encourages 15 

electric vehicles.  IPL has stepped forward to make this equipment available because, as 16 

Ms. Soller notes, IPL is well equipped to use advanced Smart Grid technology and to 17 

mitigate costs through Department of Energy grants, and other local entities have not 18 

expressed an interest in doing so. 19 

Q8. Do you believe IPL’s proposal to recover the EVSE cost is inconsistent with the 20 

regulatory compact (Public’s Exhibit No. 5, p. 6)? 21 

A8. No.  The EVSE costs that IPL is proposing to recover does not fall under the umbrella of 22 

the regulatory compact.  Mr. Foster notes that “[t]he regulatory compact outlines the 23 
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obligation to serve in exchange for the opportunity to earn a fair return on investment in 1 

utility infrastructure.”  Public’s Exhibit No. 5, p. 6.  The OUCC argues that IPL should 2 

not be the exclusive provider of EVSE (Public’s Exhibit No. 1, pp. 7-8) and IPL does not 3 

believe it is required to provide EVSE to satisfy its obligation to serve.  IPL has proposed 4 

to install the EVSE to help it evaluate the impact of electric vehicles (“EVs”) on its 5 

service territory but also due to the desire of the State and organizations like Project Plug-6 

In to ensure EVSE is available to foster the adoption of EVs.  Cost recovery eliminates 7 

the disincentive IPL would otherwise face to invest its capital in equipment it is not 8 

required to provide. 9 

Q9. Is Mr. Foster’s Schedule GAF-1, which provides a breakdown of total consolidated 10 

permanent equity for IPALCO Enterprises, Inc (“IPALCO”) and for IPL for 11 

multiple years, complete? 12 

A9. No. This schedule excludes the Preferred Stock of IPL, which appears in the total 13 

capitalization on the consolidated IPALCO Form 10-K.  Also, Mr. Foster’s schedule 14 

shows an increase in long-term debt from December 31, 2007 to December 31, 2008.  15 

However, this increase is attributable to the fact that at December 31, 2007, one of the 16 

IPALCO notes ($375 million) was recorded in Current Maturities, rather than long-term 17 

debt, because it matured in 2008. The increase in 2008 results from the refinancing of this 18 

maturing amount, including transaction costs, with $400 million of new long-term debt 19 

due in 2016. 20 

Q10. How do you respond to Mr. Foster’s statement that IPALCO’s capital structure has 21 

a negative balance of common equity of about $9 million?   22 

A10. As mentioned in the last paragraph of first page of the Standard & Poors Credit Profile 23 
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attached to Mr. Foster’s testimony as Public’s Attachment GAF-2, p. 1 of 5, “[t]he high 1 

leverage ratio [for IPALCO] reflects the use of the pooling accounting method associated 2 

with AES’ original stock transaction acquisition of IPALCO versus the current purchase 3 

accounting method, in which the assets are stepped up to fair market value”.  At the time 4 

AES acquired IPALCO on March 27, 2001, Generally Accepted Accounting Principles 5 

(“GAAP”) as promulgated by the Financial Accounting Standard Board (“FASB”) 6 

allowed acquiring companies to use either the pooling of interests method or the 7 

acquisition (also known as the purchase) method to account for their investment in the 8 

acquired subsidiary.  AES used the pooling of interests method under which the parent 9 

company (AES in this case) records its investment in the subsidiary (IPALCO) as the 10 

amount equal to the book value of the acquired subsidiary’s (IPALCO’s) net assets.  In 11 

other words, IPALCO’s book value capital structure was unaffected by the AES 12 

acquisition.  Under the acquisition method, the acquiring company records its investment 13 

in the subsidiary at the purchase price.  Subsequent to the AES acquisition, for 14 

transactions initiating after June 30, 2001, the FASB eliminated the pooling of interests 15 

method and required use of the acquisition method for business combinations.   16 

Because the new FASB rules were prospective only, IPALCO’s balance sheet continues 17 

to reflect the pooling of interests method used at the time of the AES acquisition.  Under 18 

the acquisition method, the assets, liabilities and common equity balance in IPALCO’s 19 

capital structure would have been stepped up to reflect IPALCO’s fair value at the time 20 

of acquisition, and the negative equity balance to which Mr. Foster refers would not 21 

appear in the IPALCO financial statements.  22 
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Q11. Does the investment community recognize the difference between the book value 1 

and the fair value of IPALCO’s assets? 2 

A11. Yes.  Attached as Petitioner’s Exhibit JLC-R2 is an excerpt from the IPALCO indenture 3 

which describes the determination of Adjusted Total Capital used for analyzing debt 4 

covenants.  In addition to debt, preferred stock, and common (stockholder) equity, item 5 

(4) states that total capital should include “any excess of the value of the assets of the 6 

Company when acquired by AES over the book value of such assets at such time, which 7 

for the purpose of this definition is agreed to be $1.5 billion”.  Once such amount is 8 

added to the IPALCO’s capital structure, the capital ratios are much closer to industry 9 

norms, as shown below using information for the latest year shown in Mr. Foster’s 10 

Schedule GAF-1: 11 

 
 

IPALCO Enterprises, Inc. and Subsidiaries 

 
Per 10-K 

12/31/2009

 
 

Adjustment

Adjusted 
Total 

Capital 

 
 

% of Total 

Common Equity 
 

$(9,058)   $1,500,000 
  

$1,490,942  45.77%
 
Cumulative Preferred Stock of Subsidiary       59,784       59,784  1.84%
 
Long-Term Debt   1,706,695   1,706,695  52.39%
  
Total Capitalization 

 
$1,757,421   $1,500,000 

  
$3,257,421  100.00%

 12 

CONCLUSION 13 

Q12. Does this conclude your prepared rebuttal testimony? 14 

A12. Yes, at this time. 15 
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