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Tuesday, July 16, 2019
--- On commencing at 9:34 a.m.

MS. ANDERSON:  Please be seated.

Too much paper to shuffle.  Good morning, everyone.

We're here today for Day 11 of an oral hearing for Toronto Hydro for a rate application for the period 2020 to 2024, OEB file number EB-2018-0165, and we anticipate this will be the last day of the hearing.

Just before we begin with Ms. DeMarco, are there any other preliminary matters we need to discuss?  I see -- Mr. Millar.
Preliminary Matters:


MR. MILLAR:  Madam Chair, only that I understand Mr. Brett will not be cross-examining today.  He was scheduled to go first, so that would move Energy Probe up first.  I also had a quick discussion with Toronto Hydro this morning and suggested that they -- my understanding is -- and Mr. Sternberg can speak to this -- that they may have no cross at all, but to the extent they do they should probably go last or at least last before redirect from DRC.  I think they were agreeable to that, so that is just a scheduling issue.

MS. ANDERSON:  That makes sense to the Panel.

Okay.  So Ms. DeMarco, can you introduce your witness.

MS. DeMARCO:  Thank you, Madam Chair.  I intend to tender Dr. Petrunic as an expert in electric mobility and electric mobility-related energy and transportation modelling in Canada, and she has not been qualified as an expert before this Board.  So if I may ask her first to introduce herself.

DR. PETRUNIC:  Certainly.

MS. ANDERSON:  We will get her affirmed, Ms. DeMarco, as well.

DR. PETRUNIC:  There we go.

MS. DeMARCO:  I would ask that she be affirmed at this point in time.
DISTRIBUTED RESOURCE COALITION - PANEL 7
Dr. Josipa Petrunic, Affirmed.

MS. DeMARCO:  So if I can start then with her attestation, which I believe you now have before you, but for ease of reference let's mark it as an exhibit.

MR. MILLAR:  K11.1. 
EXHIBIT NO. K11.1:  DR. JOSIPA PETRUNIC'S ATTESTATION.

MS. DeMARCO:  Dr. Petrunic, can you please introduce yourself to the Panel.

DR. PETRUNIC:  Yes.  I am Josipa Petrunic.  I am the director and CEO of the Canadian Urban Transit Research and Innovation Consortium.

MS. DeMARCO:  And you have been engaged by the Distributed Resource Coalition to provide evidence in this proceeding?

DR. PETRUNIC:  Yes, I have.

MS. DeMARCO:  And if I can ask you to look at that acknowledgement of expert's duty that you signed.  You acknowledge that it is your duty to first provide opinion evidence that is fair, objective, and non-partisan?

DR. PETRUNIC:  I do.

MS. DeMARCO:  And to provide evidence that relates only to matters within your expertise?

DR. PETRUNIC:  Correct.

MS. DeMARCO:  And to provide additional assistance to the Board?

DR. PETRUNIC:  Correct.

MS. DeMARCO:  And that includes independence from external influence or bias.

DR. PETRUNIC:  Correct.

MS. DeMARCO:  And in fact, you signed the Board's attestation form to that effect.

DR. PETRUNIC:  I did.

MS. DeMARCO:  Can I ask you now to turn to your curriculum vitae.  I believe the Board has it in front of it as well.  This is the updated curriculum vitae of Dr. Petrunic submitted by letter dated June 26th, and for ease of reference shall we mark that as an exhibit as well?

MR. MILLAR:  K11.2. 
EXHIBIT NO. K11.2:  CURRICULUM VITAE OF DR. PETRUNIC.

MS. DeMARCO:  And Dr. Petrunic, I would like to ask you a few questions about your background and expertise.

Can we start with your education and training.  Can you describe that, please.

DR. PETRUNIC:  So I would direct the Board to page 6 of the extended CV, the final page, and there, in terms of educational background, I will take you through -- my background is commencing with a Bachelor in political science and journalism at Carleton University, and then I moved to do a Master's of political theory at the London School of Economics.  My second Master's degree was in science and technology studies at the University of Edinburgh, and my Ph.D. was in science and technology studies at the University of Edinburgh as well.

I then subsequently served as a post-doctoral research fellow, and there I would direct the Board's attention to page 4 of the extended curriculum vitae.  Finishing my Ph.D., I did work as a post-doctoral research fellow at the University College, London, and subsequently served as a researcher.

And there I will also direct the Board's attention to page 3.  Subsequent to the University College, London I served as a post-doctoral research fellow at the University of Toronto in transportation and technology research.

So that summarizes my educational background.

MS. DeMARCO:  And the areas of research for each and all of those post-doctoral fellowships was what?

DR. PETRUNIC:  For all of my background educationally and the post-doctoral research fellows, the post-doctoral research fellowships in particular really focused on technology and transportation innovation, and my Ph.D. focused specifically on the mathematical foundations of transportation in shipping, rail, and transportation of the 19th and 20th century.  My post-doctoral research then focused more on contemporary and modern applications, so transportation technologies, so really looking at researching and analyzing the application of transportation technologies to modernizing in urban environments.

So both post-doctoral research fellows, fellowships, focused on aspects of transportation applications, and most recently -- in fact, I was remiss to mention my post-doctoral research work at McMaster University.  That research work at McMaster University focused specifically on electric vehicles and specifically on electrification of vehicular technology.

MS. DeMARCO:  And can you highlight your prior positions relevant to the work done here?

DR. PETRUNIC:  Yes.  In terms of previous positions held, professionally, those positions, again, relate to the post-doctoral fellowships.  The most relevant one would be the most recent post-doctoral fellowship at McMaster University, where I also served as a research fellow exploring electric vehicle technology road mapping, and that is on page 3 of the extended curriculum vitae.

And in the past also I have operated as a lead consultant on a driver and rider preferences analytical research project, and that is on page 2 of the extended curriculum vitae.  That was a project funded by the Toronto Atmospheric Fund, which really focused on trying to create a survey that would understand driver preferences, why people take electric vehicles or use them, why they don't, and why folks still drive gasoline vehicles and why they don't or why they're transitioning.  Those would be the most relevant past experiences.

In addition, I did serve -- following my post-doctoral fellowship and at the very end of it I served in a dual role as executive director at McMaster University.  That is on page 3 of the extended curriculum vitae.

And there I was the executive director of a very large multi-million-dollar project funded by the federal government, focused on the social costs and benefits of electric mobility in Canada, performing research, establishing analytical models to really understand what the impacts were and the challenges were of electric mobility integration across light-duty and heavy-duty platforms.

MS. DeMARCO:  And can I ask you, what is your current title and position?

DR. PETRUNIC:  My current title is documented on page 1 of the extended curriculum vitae.  I am currently the chief executive officer and executive director of the Canadian Urban Transit Research and Innovation Consortium, and there I do lead major initiatives in research projects, strategic development around electrification of transportation.

And I also concomitantly continue to lecture at two universities, so for several years and still currently I do lecture at McMaster University.  That's on page 2 at the very bottom. I do lecture in a course I developed on globalization economics, and within that course there is a component dedicated to the globalization of the automotive supply chain and transportation.

And I currently also teach at Athabasca University, which is a very large digital online university in Canada, based in Alberta, and that is on page 3.  And there I lecture on a course I also developed on quantitative and qualitative research methodologies for all manner of graduate level research.

MS. DeMARCO:  And how long have you been in your current CUTRIC position?

DR. PETRUNIC:  CUTRIC is an organization that is coming up to its 5-year anniversary, and I have been only executive director and CEO.  So my current role started in February 2015.

MS. DeMARCO:  And how are you paid?

DR. PETRUNIC:  I am paid a salary.

MS. DeMARCO:  Can I ask you a few questions about CUTRIC specifically?  Who, or what is CUTRIC?

DR. PETRUNIC:  CUTRIC is an independent, not-for-profit research-oriented organization, a consortium, an innovation consortium, whereby our focus is really to develop analytically based strategies and assess analytically.  So from a science perspective, electrification strategies and mobility strategies in Canada.

So set up as a not-for-profit, we do focus on major initiative areas where stakeholders are struggling to understand the science behind applications of mobility technologies.  For example, our major initiatives are documented on page 1 and 2 of my curriculum vitae.

And if I may, I will take you through a few examples of those.  The first is of course the Pan-Canadian Electric Bus Demonstration and Integration Research Project, and that project CUTRIC has lead from a research perspective for several years.

It is focussed on analyzing and researching independently the technical integration of high powered charging systems for electric transit buses.

The second major research project that CUTRIC developed and currently develops and works on is a pan-Canadian hydrogen fuel cell electric bus research initiative, and there we focus on analyzing independently and neutrally the costs and benefits, challenges and efficiencies associated with hydrogen fuel cell electric propulsion technologies specifically applied to buses.

The third large research project we have underway focuses on the national smart vehicle initiative, also starts on page 1 and continues on to page 2, and in that research project we look at the energy consumption and energy efficiency and performance of electric shuttles that carry between six and 20 people for first mile, last mile applications.

And then there are several additional research projects that we developed, one of which is an Ontario public transit agency carbon pricing analytical model, and in that model we developed for the first time ever an analytical method of assessing the GHGs out of the tail pipe of transit fleets, and then associating that with efficiency variables within the transit fleet, including passenger kilometres and revenue kilometres travelled.

The final three projects include an Ontario power providers working group research initiative that we developed over several years, and which we have now grown into a national research project.

This started in 2015, sponsored by the Ministry Of Energy in Ontario, and the focus there of that research project was to understand strategically the gaps in our utilities in Ontario, in terms of their readiness for electrification of transportation.

That project has now been grown into a national initiative, a national research project with utilities around the country.

And that project was originally supported by the participation of entities like the IESO, and Ontario Power Generation among dozens of others, utilities.

The penultimate project is a project that we finished, which is a light-weight electrified automated and cyber secure road map research project to identify essentially the supply chain in the electrification landscape in Ontario.

And the final project that defines what CUTRIC does is an Industry Canada project similarly on automotive and transportation initiative or innovation, where our job was to effectively document what the supply chain in electric vehicle and automated vehicle technologies would be in Canada in the future and in the past.

So that defines essentially what CUTRIC does as a research -- an independent and neutral research consortium that is intended to allow for science-based decision-making and transportation strategy development.

MS. DeMARCO:  And can I ask you, what is TRIPSIM©?

DR. PETRUNIC:  TRIPSIM© is a mathematical tool we developed in-house at CUTRIC.  It is based in Python code. Essentially, it is tool that allows us to neutrally assess how different manufacturer vehicles, chargers, different types of products operate actually on roads and in operation.

It allows us to measure the efficiencies associated with the application of electrified or hydrogen fuel cell electric vehicle technologies on roads and on routes, in order to really give databased evidence around the application of these technologies.

MS. DeMARCO:  And is there any other organization in the country doing this type of independent transportation and energy related research?

DR. PETRUNIC:  Not that I know of.  Certainly not in the not-for-profit sector.  We're the only ones that offer a neutral not-for-profit modelling tool for multiple stakeholders, and for the public good.

There are several universities that do research in this space and all of them are members of our consortium, and I generally hire all of their best talent on to our team.  So universities do little bits of this research, but no one university does the entire modelling effort.

There are private sector consulting firms that have started in recent years to offer modelling that I guess would be comparable to TRIPSIM©, but I can't speak to the robustness of what they offer or the quantitative validity or the input variables.  I don't know what their proprietary tools are.

MS. DeMARCO:  So is there any other Canadian transportation or energy modelling program like TRIPSIM©?

DR. PETRUNIC:  No.  And the reason we actually developed it was because nobody else was doing this type of work, certainly not at the level of precision and accuracy that we have developed.

The only other body that has historically engaged in this from a neutral standpoint is the National Research Council, historically.

But their tool is not as precise as what we have developed, and typically the NRC does it on a client basis and not in general to inform strategies based in society overall.

MS. DeMARCO:  And can you describe CUTRIC's membership?

DR. PETRUNIC:  So CUTRIC's membership is composed of a wide spectrum of stakeholders.  We represent or have represented in our membership over 100 members nationally.  They're all institutional and so they are coming from the academic sector, universities and colleges, transit agencies, cities and regions, and the private sector, as well as utilities and some allied not-for-profits, or not-for-profit associations or industry organizations.

MS. DeMARCO:  And why does CUTRIC have members from all interested and often opposing electric mobility interests?

DR. PETRUNIC:  So we made a concerted effort since starting to ensure neutrality and independence of our strategic orientation in our research.

And to achieve that, you essentially have to capture everybody at the table to make sure you have democratic overview of all the considerations.

And that includes opposing manufacturers, opposing entities within the energy sector, and even universities sometimes that have opposed views about how to approach research.

So we've been able to assure independence and neutrality of our research based on bringing in a wide spectrum of stakeholders, and I believe we have captured if not everybody, almost every organization in the country that has something to say or do with electrification of transportation or mobility applications.

MS. DeMARCO:  Is Toronto Hydro a member of CUTRIC?

DR. PETRUNIC:  Toronto Hydro is a member of CUTRIC.

MS. DeMARCO:  Did Toronto Hydro have any role in this evidence, including the decision to provide it or its substance?

DR. PETRUNIC:  No.  They had no role.

MS. DeMARCO:  Can you provide a high-level summary of your research and publications that are relevant to this evidence --


DR. PETRUNIC:  Certainly.

MS. DeMARCO:  -- or refer the panel to the relevant section of your curriculum vitae.

DR. PETRUNIC:  Certainly.

MR. LADANYI:  I thought we were first going to qualify Dr. Petrunic as an expert witness.  She appears to be now giving direct evidence.  I thought we were not going to move to direct evidence until we have a decision on the qualification.

MS. ANDERSON:  We're still presenting the witness.  We haven't made the decision on qualification yet.

MR. LADANYI:  This is a very lengthy presentation of the witness.

MS. ANDERSON:  I think because we know there is an objection.  I think it is fair for her to present her qualifications before we hear any objections.

DR. PETRUNIC:  And if I may, I was remiss and forgot to mention an aspect of our membership, if I may extend then, which is pretty critical because of the governance of the organization.

So we do have -- if it helps the Board to understand, we do have over 100 members, but we are run by a board of directors, and that board of directors is governed by a set of by-laws that are publicly available.

The by-laws are very clear:  25 percent of our governance, our board of directors, has to come from the academic sector.  25 percent comes from transit, 25 percent comes from industry, and the other 25 percent is open to Board decisions and the membership decision per annum.

And so currently we have a board of directors of 15 individuals, and that board of directors and the by-laws ensures, again, neutrality across the sectors that are implicated.

So then if I may, to your question, about publications.  I would refer the Board to page 5 of the extended curriculum vitae.  There are several publications there.  The most relevant ones to this particular hearing are the following ones:  The very first one in the refereed publication section, this is a recent chapter that I co-published with my co-author, Michael Roschlau, who was formerly the executive director and CEO of the Canadian Urban Transit Association, and that is a chapter where we analyze the future of mobility technologies, electrification, and other modes of mobility as they apply to mass urban centres in particular, like Toronto.

There is then following that, if you move forward, there's an article by Ali Emadi and myself from 2014 and a subsequent article by myself on advanced automotive systems, these coming out of my post-doctoral research at McMaster.

And these are articles specifically analyzing the trends in electrification and the technologies required as well as the underpinnings of the data analytics required to understand the efficiencies at play in electrification of transportation.

And then subsequently, moving down further, there is an article by myself and co-authors Garret Duffy, Anahita Jami, and Anaissia Franca.  This was Oxford County feasibility study, which is in the public domain, and that was specifically building a new analytical model to assess in Oxford County how many electric vehicle chargers are required to electrify the county, including all EVs in the community and all incoming electric vehicles from commuters and visitors to the jurisdiction, and then to optimize the distribution of those charging systems.

And then there are a few other publications there of relevance that emanate from the research experience I mentioned before, including the publication around carbon pricing and its effect on the transit sector in terms of GHG emissions.

There is the Ontario Power Providers' EV working group, final report, which documents all of the proposed ideas and strategies that emanated from that research project, including the IESO, among other utilities and local distribution companies in Ontario completed several years ago, and last but not least, there is the report to the Ontario Ministry of Economic Development and on the following page the report to Industry Canada outlining essentially the automotive and transportation supply chain in electrification and automated vehicle technologies.

MS. DeMARCO:  Thank you.  And can you provide a very brief summary of your other memberships, appointments, and awards that are relevant to your evidence in this proceeding?

DR. PETRUNIC:  Yes, I may.  There I would direct the Board to look at the bottom of page 4 and the top of page 5, and there you will see a list of the voluntary roles I have played as a director on boards and voluntary advisory roles I have played to various groups, some of which are ongoing and some of which have been completed.

I will just review the list, if it helps the Panel.  Here the first one is the Carve the Future Group, and it is actually now called the Vehicle of the Future Group.  That is an expert advisory group that was pulled together by the federal Ministry of Innovation, Science, and Economic Development in Canada, and that group which I currently serve on is meant to advise the federal government on what it needs to be prepared for, from an innovation standpoint and an investment standpoint, federally, to support not just electrification but automated electrification of smart mobility technologies and automated vehicles.

The next, I currently serve as a director on the International Women In Transportation Seminar Foundation, and that is a global organization dedicated to advancing and ensuring that more women are in decision-making positions in transportation, which is a heavily, heavily skewed industry.

And in that role, my specific directorship position is to inform the subcommittees on intellectual property development and research development that helps to understand the technical aspects of new mobility technologies such as electrification for women in the transportation domain.

The third role is I currently serve as an advisor to the International Association of Public Transport, the JIVE Group, which is the world's most advanced hydrogen fuel cell electric grouping, pulled together by the European Union and the European Commission to really technically understand the efficiencies and challenges associated with hydrogen fuel cell electric vehicle applications, specifically buses and transit applications.

The fourth is I currently serve as an expert member of the Society of Automotive Engineers Standards Group on the J3105 Standardization Committee, which is a committee dedicated over the last three years to publishing a standard which should be coming out this year that defines the technical parameters and the engineering parameters around high-powered charging systems for trucks, camions, and buses in electrification.

And if you turn to page 5, at the top, historically I did serve as a director on InnovÉE's board of director.  And InnovÉE is a government agency in Quebec.  It is funded by the Government of Quebec, and it is the research and development funding agency of the government dedicated to electric vehicle research with universities and industry partners and now also utility research insofar as it relates to electrification.  That board position finished last year.

Number six, up until recently I was a volunteer advisor on the Sidewalk Labs and Waterfront Toronto Initiative, where I was asked to serve as an expert on mobility and transit applications in a car-free environment on waterfront, and so that was my role in that particular group.

And then I have served historically as a volunteer advisor of the City of Vancouver's Electric Vehicle Strategy Group and advisor to the Ontario Ministry of Environment and Climate Change, Climate Action Group, an advisor to Plug'n Drive's board of directors, and I served as a director on the board of directors of Electric Mobility Canada, so those would summarize all of the volunteer advisory board directorship roles that I've played that are linked to the current hearing.

MS. DeMARCO:  Were any of those positions paid?

DR. PETRUNIC:  No.  They were all voluntary.

MS. DeMARCO:  In each of those positions were you asked to provide independent objective advice?

DR. PETRUNIC:  In all cases that is my role.

MS. DeMARCO:  Are you now or have you ever been a paid advocate for commercial interests?

DR. PETRUNIC:  No.

MS. DeMARCO:  Are you now or have you ever been a paid lobbyist?

DR. PETRUNIC:  No.

MS. DeMARCO:  Is any part of your salary or remuneration tied to those activities?

DR. PETRUNIC:  To paid lobbying?  No.

MS. DeMARCO:  Is your evidence and analysis in this proceeding influenced or dictated by any outside interest?

DR. PETRUNIC:  No.

MS. DeMARCO:  Madam Chair, based on the foregoing information and qualifications and expertise and subject to any objections, I would ask that Dr. Petrunic be qualified as an expert in electric mobility and electric mobility-related energy and transportation modelling in Canada.

MS. ANDERSON:  Okay.  Just so people are clear what the process we want to do, we do know that there has been a written objection, and thank you, it was actually helpful to see the written objection.

What I was planning to do was first open it up to see if anybody had just questions, and we're at the qualification stage.  So we are not at the cross-examination.  Just, are there any questions about the qualifications at this stage before I move on, and then I will -- I was going to allow Ms. DeMarco, if you had any -- anything to say specifically about things we should take into account before we hear the objections and then you could have the right to -- I guess to respond to those objections, if that sounds like a fair process?

So the first step, are there any questions just about the qualifications?  You will have an opportunity to have comments on those.  Any questions?

MR. LADANYI:  I have a question.  Your Ph.D. is essentially in the field of sociology; is that right?  It is actually from the Department of Sociology --


DR. PETRUNIC:  No, it's --


MR. LADANYI:  -- it says sociology in your CV.  Am I missing something?

DR. PETRUNIC:  Yes.  So if I may, the field of science and technology studies is a stand-alone interdiscipline. So it is both mathematics, engineering, and sociology, and as a field it's known as science and sociology of scientific knowledge, SSK, in the U.K.  It is generally known as science and technology studies in North America.

These departments are stand-alone interdisciplines, so they are meant to be fundamentally interdisciplinary.  It wouldn't be recognized as a stand-alone sociology degree, it wouldn't be recognized as a stand-alone mathematics degree.  It is recognized as an interdisciplinary degree  with both influences.

MR. LADANYI:  But it operates out of the department of sociology at the University of Edinburgh, does it?

DR. PETRUNIC:  No.  It operated historically out of its own department of science and technology studies.  Since I have graduated, whether they have merged faculties, I don't know.

MR. LADANYI:  And your degree was in journalism or political science?  Which was it?

DR. PETRUNIC:  Both.  I had a double major.

MR. LADANYI:  You have never worked for a utility, have you?

DR. PETRUNIC:  No.

MR. LADANYI:  Okay, thank you.

MS. ANDERSON:  Okay.  Ms. DeMarco, are there any things that you think we should take into consideration here?  I almost consider this almost like an argument in-chief, even though I don't know if that is a proper term.  I just want to hear if there is anything we should consider.  I will hear the objections and then give you the right to reply.

MS. DeMARCO:  Madam Chair, I will look to you for direction as to whether I should get into the law at this point, or ...

MS. ANDERSON:  What I think would be helpful -- and I don't know if you are prepared, or anyone else.  But we did see that Dr. Petrunic is a registered lobbyist.

So is there anything around that in particular about qualifying witnesses who are in that position?  We have seen the education and the experience.  I think independence appears to be the issue.  So if there is anything that we should take into consideration around that, I think that might be helpful.

MS. DeMARCO:  So why don't we proceed in this way.  Why don't I put the question very directly to Dr. Petrunic about her lobbying activities, and then secondly I can go into what should frame your consideration of the issue.  Is that fair?

MS. ANDERSON:  Sure.

MS. DeMARCO:  So Dr. Petrunic, can you provide the Board with further assistance on why or what you are doing as a registered lobbyist?

DR. PETRUNIC:  Certainly.  So we've registered -- CUTRIC is registered, and myself, in various jurisdictions -- Ontario, British Columbia, Quebec and federally -- and also at certain cities where there is lobbyists legislation in place.

And there are two specific reasons for that.  One is an abundance of caution.  To be fully transparent as a not-for-profit association in terms of what we do, we register every activity.  Whether it actually constitutes lobbying or not, we register all activities for full transparency.

And the second reason is because of best practices.  So when we started CUTRIC, I looked around for best practices in the not-for-profit and research domain to see what universities do, to see what colleges did, and we were advised by the Canadian Urban Transit Association and by our university partners that they too register.  And again, out of an abundance of caution, it is always best to register as a lobbyist, whether your activities serve as the definition of lobbying or not.

So it is really a matter of transparency and best practice in the not-for-profit and research sectors.

MS. DeMARCO:  And just to be clear, are you or CUTRIC a paid lobbyist?

DR. PETRUNIC:  No.

MS. DeMARCO:  So shall I get into the law at this point?

MS. ANDERSON:  Well, again if there is anything around that -- we can hear the objections and come back to you at the end, if that makes sense.

So let's -- I am not sure if there is anyone else.  Let's start with you, Mr. Ladanyi, if you make a submission on this.

MR. LADANYI:  Well, I sent a letter in on July 8th outlining my objections, Energy Probe's objections.

And I have also read the court decision that Mr. Millar sent out.  I don't want to read my letter again.  I am just going to read essentially one paragraph from my letter.  It says:
"Membership of CUTRIC includes manufacturers and suppliers of rechargeable battery powered vehicles, rechargeable batteries, battery charging equipment, contractors that build charging stations and engineering companies that design them.  These commercial entities would profit from large scale adoption of rechargeable battery-powered vehicles.  Dr. Petrunic, whether she is paid or not to do it, she promotes their commercial interest at industry conferences lobbies on their behalf various Ontario government ministries, including the Ministry of Energy, Northern Development and Mines, which is of course the parent ministry of the Ontario Energy Board."

Now, I am not a lawyer.  I am an engineer and accountant.  I have been in the utility industry for 45 years, and have been involved in regulatory hearings at the Ontario Energy Board, the National Energy Board, and the NERC State Public Service Commission as a witness, case manager and intervenor.

I do not recall a single case where a lobbyist for commercial interests was accepted as an expert witness.

If you accept Dr. Petrunic as an expert witness, you will be crossing a threshold.  Be sure you understand what the world beyond that threshold looks like.  If you approve this lobbyist as an expert witness, it is likely that lobbyists for other commercial interests will appear in future proceedings to promote various products and services of their clients.

The OEB will become no different than the lobbyist-infested Queen's Park.  OEB decisions will appear to be influenced by politically connected lobbyists.  Your foremost duty is to protect captive customers of monopoly utilities from being exploited by commercial interests.  You should not be -- you should not just protect them, but be seen to protect them.  These are my comments.

MS. ANDERSON:  Thank you.  Does anyone else have any 

-- I will say comments.  Those could be objections or any other sort of comments.  Anyone else?  Mr. Millar?  I am looking to anyone else.  You're the only one who touched your microphone.

MR. MILLAR:  I did do a bit of research into this in the event it might be helpful to the Panel.  I did circulate a single case.  Frankly, Ms. DeMarco has circulated many more cases than I did, and in fact a helpful overview of the topic.

If it is helpful to the Panel, I can provide a brief rundown on some of the things you should consider when qualifying experts with reference to the case.  I provided -- but again, I am in your hands, Madam Chair; I think Ms. DeMarco's cases cover many of these things anyway, and I don't want to waste the Panel's time, but I can do whatever you like.

MS. ANDERSON:  I think something would be helpful, because I am hearing about things being circulated.  I haven't seen them and I don't know -- did we miss them?  Were they just emailed amongst the parties?

MR. MILLAR:  Yes.  I think Ms. DeMarco has provided paper copies of hers there.  I wasn't actually even sure if I would be called on, so I did circulate by email.  I did not provide paper copies.  We may be able to pull the case up if it is necessary.

Again I am entirely in your hands, Madam Chair.  I don't have to say anything if you are not interested.

MS. ANDERSON:  I think given the comments made by Mr. Ladanyi about potentially precedent setting, I think it is helpful for us to know -- because he indicated he is not aware of any time a registered lobbyist had been qualified.  Is there anything we should be considering with that?

MR. MILLAR:  Well, Madam Chair, the case I provided doesn't speak directly to that issue.  It talks about how you consider independence.

I did do a bit of other research.  There appear to -- first, we've heard the specifics about Dr. Petrunic's lobbying activities, which frankly don't seem to be terribly significant and are not paid.

There were cases I ran across where lobbyists had been qualified as experts.  These were paid lobbyists in those cases.  They had been qualified, and it went to weight at the end of the day with respect to those cases.

I am not sure how analogous those are to this case, because again that was paid lobbying for a direct interest and that person called them as a witness in that case.

So I don't think that is exactly what we have here, but the point does still stand that lobbyists are not prohibited from becoming -- there is no rule against a lobbyist being an expert.

There may be cases where it is not appropriate, but it is not an outright bar by any stretch.

MS. ANDERSON:  And the case that you circulated that talks to independence, is there anything helpful from that that we can take?

MR. MILLAR:  Madam Chair, if you would like, I can take five minutes just to go through it.

MS. ANDERSON:  Five minutes.

MR. MILLAR:  In the back and forth we've had, I could read you some extracts from the case.

Is it possible to have it pulled up?  I circulated it around 5 o'clock yesterday to all parties.

MS. DeMARCO:  Madam Chair, I am wondering if we actually speak to the law, and that case is in fact included in our package of materials.  So I am happy to have Mr. Millar do it, if you want him to give a general framework.  But we have that as part of our ...

MS. ANDERSON:  Sure.  We can have Mr. Millar start and if you have any follow-up comments, we will conclude with you.

MR. MILLAR:  I will just go first, Madam Chair.  Again I am providing very high level overview.  My guess is Ms. DeMarco will get into much more detail than I have, and just to myself seem useful, maybe I will provide some high-level overview.

What I propose to do is rather than taking you directly -- I will look largely at the head note.  You are not really supposed to do that, but I think it provides a very good overview.

If we can scroll down a little bit, please a little further.  A little further.  Okay.  Just a little bit more.

So first just to provide some general context, this will be a bit of a review, I think, for the panel.  But you will be familiar -- you can see starting under the "held" line.  Held: The appeal should be dismissed.

The first step in any consideration of experts, it goes back to a case called R v. Mohan, which is very well-known, but it sets out the basic test for what a tribunal 

-- it was written for courts, but it also applies to tribunals -- what you should consider when you are considering whether you should qualify an expert.

Essentially there is four tests.  The first is relevance; whether or not the person is speaking to things that are relevant to the issues in the case.  Second is described here as necessity, but what it really means is does the person who is being qualified have expertise that is beyond what the panel already has.  The third is absence of an exclusionary rule.  That doesn't arise very often in tribunal proceedings.  It would be if they were relying excessively on hearsay or something like that.  It is not something that is -- that comes up at the tribunal.  I don't think it is an issue here.  And the final one is a properly qualified expert.

So with respect to this test, I think there is -- the first three I haven't heard any objections about.  The last one, the properly qualified expert, that is where you would get into issues of independence.

If we could scroll down a little bit further, please.  Okay.  Back up a little bit.  The paragraph that starts "expert witnesses".  And it simply says:

"Expert witnesses have a duty to the court" -- in this case the tribunal -- "to give fair, objective, and non-partisan evidence.  They must be aware of this duty and able and willing to carry it out.  The expert's evidence must be impartial in the sense it reflects an objective assessment of the questions at hand.  It must be independent in the sense that it is the product of the expert's independent judgment, uninfluenced by who has retained him or her or the outcome of the litigation.  It must be unbiased in the sense that it does not unfairly favour one party's position over the another.  And the acid test is whether the expert's opinion would not change regardless of which party retained him or her."

And in the interests of time let me skip down two paragraphs that starts "imposing", and then the second sentence:

"The trial judge" -- or here the tribunal -- "must determine, having regard to both the particular circumstances of the proposed expert and the substance of the proposed evidence, whether the expert is able and willing to carry out his or her primary duty to the court."

Which is the impartial matters we discussed before.

Then if you skip to the last sentence of that paragraph:

"Exclusion at the threshold stage of the analysis should occur only in very clear cases in which the proposed expert is unable or unwilling to provide the court with fair, objective, and non-partisan evidence.  Anything less than clear unwillingness or inability to do so should not lead to the exclusion, but to be taken into account in the overall weighing of costs and benefits of receiving the evidence."

So Madam Chair, I won't make a submission on whether 

-- where Dr. Petrunic falls within this test, but I thought it might be helpful just to provide that very high-level overview.  I think Ms. DeMarco may get into more detail than that, but those are my submissions.

MS. ANDERSON:  Thank you, Mr. Millar.  That was very helpful.

So Ms. DeMarco, that provided some pretty clear guidance to us.  Is there anything that is missing from this that we would need to know before we make our decision?

I know there is a huge amount of case law.  I just don't -- in the absence of going through every single aspect of it, is there some other key point beyond this?

MS. DeMARCO:  There is, and at risk of illuminating my OCD tendencies, there are a few things I would like to highlight.

First let me speak to the fact Mr. Ladanyi asserts, without factual basis whatsoever other than a NOW magazine article, that Dr. Petrunic is a promoter of commercial interest, is a lobbyist for commercial interest, and representing commercial interests.  The facts as you have heard them, under oath, I might add, are not that.  They directly controvert those bald assertions.

I think it behooves this Board and its integrity and reputation to rely on a source such as NOW magazine as authoritative in the presence of sworn evidence.  It behooves this Board to rely on conjecture instead of fact.

So let me start there.  And certainly you have 
heard --


MR. LADANYI:  Madam Chair, I never in my objection mentioned NOW magazine.  That is actually completely false.

MS. DeMARCO:  Madam Chair, if I might, the NOW magazine article is on the record as submitted by Mr. Ladanyi and Dr. Higgin, and was referred to very specifically in terms of the conjecture.  That is included in the letter.  So let the facts stand as facts.

Secondly, you have heard very directly from Dr. Petrunic that the registration as a lobbyist is as a best practice abundance of caution, not as a paid lobbyist, and in my legal view, certainly not meeting the definition of lobbyist in the Lobbyist Registration Act.

In terms of the law itself, while I never like to disagree with Mr. Millar, those OCD tendencies would have you see the test as set out in Burgess in two ways.  There are two steps to that test.

The first is the threshold requirements of admissibility, and there are four elements of that.  And Mr. Millar spoke very specifically to the relevance, the qualifications, the necessity, and the absence of an exclusionary bar.

The fifth -- the second aspect of the test and the fifth criteria for you to consider is set out in Burgess, and that is, is the evidence sufficiently beneficial to warrant admission.  So is it helpful to the process?  And it is in that step that you consider the independence, impartiality, and the absence from bias.  So that is the new step that Burgess added to the law.

So our submission is certainly that Dr. Petrunic has met, not to get dramatic, but with flying colours all aspects of the four admissibility criteria, and certainly the fifth criteria in relation to independence, impartiality, and the absence of bias.

Certainly her evidence in our view is fair, objective, and non-partisan and meets the asset test that it would not change regardless of who was commissioning it.

The other element of Burgess -- White and Burgess is that it has been applied very specifically by energy regulators, and you have a fantastic summary of that law in a review article that we have given you by Philip Tunley, and it sets out precisely what your duty is and how it's been applied by the Alberta Utilities Commission in the TransAlta decision, where TransAlta was under investigation for certain practices and expert witnesses were adduced.

I have that case before you.  It is the AUC case in decision 3110-D01-2015.

MR. MILLAR:  Can we mark that as K11.3, Madam Chair.

MS. DeMARCO:  I am not sure if the Burgess case or Tunley has been marked as an exhibit as well, but 
perhaps --


MR. MILLAR:  It hadn't, but it should be, thank you.  Okay.  So first the AUC case is 11.3. 
EXHIBIT NO. K11.3:  AUC DECISION IN 3110-D01-2015.

MR. MILLAR:  And the Burgess case is 11.4.  White Burgess. 
EXHIBIT NO. K11.4:  WHITE BURGESS CASE.

MS. DeMARCO:  So in applying the White Burgess case to an expert energy regulator and expert testimony in energy regulatory matters, the AUC was faced with two experts, being employees of the specific interests that they were representing, paid employees.  And they went through the White Burgess test and found that the experts met all of the criteria, particularly in a testing, as they had.

And secondly, that given the specialized expertise of the tribunal, it had the ability to ascertain, to bring to bear expertise, so it wasn't going to be unduly swayed in a naive manner, knowing nothing about the subject matter, which is the reason behind the White Burgess test as applied to courts.

The mischief that the White Burgess test is seeking to remedy is a situation where an impartial, inexpert court is faced with expert testimony and relies solely on that without having expertise of its own.

So in reviewing those criteria and applying them in the TransAlta case, the AUC found that both experts were qualified, regardless of the fact that they were in fact paid employees of the entities.

So with that being the threshold and the requirement of the test, I would note that Dr. Petrunic, again, more than satisfies those criteria.

And I hesitate to raise it, but after 20-odd years of being one of the few female litigators before this tribunal, we went back and did a little research last night and we note that this is one of the first and few instances where a female expert witness has been qualified by this Board.  And we note that in the last 10 years of Toronto Hydro regulatory litigation, there has not been another female expert witness qualified by this tribunal.

And in that it's very important to note that other expert witnesses, who in fact have a relationship with each other -- specifically Dr. Fenrick and Dr. Lowry, who were employee/employer related -- have both been qualified without undue objection.

And we certainly do not in any way or shape quarrel with any party's right to probe and probe aggressively the qualifications of an entity.  But it must be done with candour, with fact, with respect, and based on reliable sources of information.

It is our submission that in this case, that is certainly has not been source of the objection by Energy Probe.  And we would ask, therefore, that Dr. Petrunic be qualified as we have requested.

MS. ANDERSON:  Thank you, Ms. DeMarco.

MR. LADANYI:  Madam Chair, may I make an correction, because of an inaccuracy of what ...

MS. ANDERSON:  And then Ms. DeMarco will have the right of reply.

MR. LADANYI:  Kathy McShane was the cost of capital witness for Consumers Gas and Enbridge for a period of about 10 years.  She is definitely female, Dr. McShane, and she was here in front of this Board for a period of almost 10 years.  And she had also testified at the National Energy Board as a cost of capital witness for TransCanada when I worked there.

This is just so unfair, what she said about --


MS. ANDERSON:  Mr. Ladanyi, the Board is not taking gender into account in its decision at all.  So we are not going to take Ms. DeMarco's comments into account or -- so your objections aren't necessary there.

Gender is not a criteria for how we qualify our experts, and we will not take it into consideration.

Mr. Ladanyi, does that conclude?

MR. LADANYI:  Well, what I would like to say is this, that the issue, for example, of employees being treated as experts, nobody has challenged the expertise of witnesses of Toronto Hydro.  People have testified here and they have various degrees, various responsibilities, and nobody has challenged their expertise about technical things they're discussing.  That is not an issue in this case.

Applicant's witnesses were not being challenged at all.  So the analogous to the Burgess decision is, I think, not relevant.

The other one, the decision that Mr. Millar brought up is really a case between two parties.  It is not a utilities case whatsoever.

In this particular proceeding, we're dealing with rates paid by hundreds of thousands of ratepayers, so there is not just two parties here.

This is a much bigger issue here.  And I think you should be seen to be protecting public interest and not to be influenced by lobbyists, whether they're paid or not paid. It is an appearance.

Moreover, the NOW article, I should tell you, is not something that I am using as, particularly, a reason for the objection.  I have actually asked the witness, if I am allowed to cross-examine later, or if I do, to whether she agrees with the NOW article, so I -- and she can disagree with it.  So that is my point.

MS. ANDERSON:  Thank you, Mr. Ladanyi.  I think the Panel is going to take -- yes, the Panel -- I think it is best if we take a ...

MS. DeMARCO:  I'm sorry, Madam Chair.  I believe I have a right of reply, given that he is not the applicant trying to qualify the witness at this point, and it would be out of procedural order to allow the objector to have the final word on the law at this point.

MS. ANDERSON:  You have something further to say?

MS. DeMARCO:  I do.  Mr. Ladanyi spoke very specifically to the qualification of Toronto Hydro witnesses as experts.

In fact they weren't qualified as experts, they were qualified as part of the fact-based evidence that was given.  They were not independently qualified as an expert, which has a different threshold.

Secondly, the AUC case is not just between two parties.  It is an energy regulator applying the law broadly.  And we've heard that he's not going to refer to the NOW article, yet he is going to refer to the article in putting it to the witness.  So I am confused on that point.

And last, certainly, but not least, we did not raise gender for the purpose of adding a criteria to the test, only noting that this is an interesting systemic development.

MS. ANDERSON:  Thank you.  We will take however long we need to make our decision, so I can't commit to exactly that time.  Thanks.
--- Recess taken at 10:30 a.m.
--- On resuming at 10:55 a.m.
DECISION:


MS. ANDERSON:  Please be seated.

The OEB has made its decision.  There is a lot of material that we've just received and clearly haven't had an opportunity to thoroughly review, so our decision is based on the materials that were filed in advance and what we have heard this morning.

The OEB has concluded that it is sufficiently beneficial to warrant hearing the evidence from Dr. Petrunic.  The OEB finds the extensive education and experience of Dr. Petrunic is appropriate to qualify her as an expert witness in electric mobility and electric mobility-related energy and transportation modelling in Canada.

We acknowledge the objections filed by Energy Probe related to independence.  Dr. Petrunic is a registered lobbyist for a not-for-profit organization.  The OEB finds the nature of Dr. Petrunic's role as a lobbyist does not preclude her from qualifying as an expert witness presenting evidence.

Intervenors may submit in their final arguments as to the weight that the OEB should give that evidence in our decision.

So with that, Ms. DeMarco, we would like you to begin with your direct.

MR. MILLAR:  Madam Chair, if I may, it is Michael Millar.  Just a very minor housekeeping issue.  I neglected to mark one of the exhibits filed by Ms. DeMarco, and it was the article by Mr. Tunley on expert evidence, so since you have it before you I just propose to mark it.

MS. ANDERSON:  Okay.  Mine is marked K11.5.  Did I jump ahead?

MR. MILLAR:  Well, then somehow I marked it without even -- it has become so automatic for me -- regardless, that is what it is supposed to be, and maybe I just neglected to write down that I had marked it, but it is Mr. Tunley's article --


MS. ANDERSON:  Reading your mind.

MR. MILLAR:  -- K11.5.  Thank you.  
EXHIBIT NO. K11.5:  MR. TUNLEY'S ARTICLE.
Examination-In-Chief by Ms. DeMarco:

MS. DeMARCO:  Thank you, Madam Chair.  I hope to be very brief on direct.

Dr. Petrunic, you prepared and submitted evidence in this Toronto Hydro rate proceeding?  Is that right?

DR. PETRUNIC:  Yes, I did.

MS. DeMARCO:  And that included both the written evidence and the responses to interrogatories?

DR. PETRUNIC:  Yes.

MS. DeMARCO:  Marked as Exhibit M2 and the L2 interrogatory responses?

DR. PETRUNIC:  Correct.

MS. DeMARCO:  Do you adopt that evidence as your own?

DR. PETRUNIC:  I do.

MS. DeMARCO:  Do you have any clarifications or updates to that evidence?

DR. PETRUNIC:  I do have a clarification I would like to note, and it is a clarification related to the interrogatory response to Staff 2, that is MS-Staff-2, on page 2, and then on page 4, and I will first point out on page 2, just right at the top there, there is a reference on page 2 and on page 4 to two particular numbers -- sorry, it is just at the bottom of the first paragraph.  You will see a reference to 140 percent.

So cumulative year-over-year EV growth is now estimated to be in the range of 140 percent, and there is a footnote.  And then if you scroll to page 4, you will see at the top that there is similarly a reference saying cumulative year-over-year EV growth is now estimated to be in the range of 200 percent.  So it may help the Panel to understand the context of seemingly different references, and in fact there is a clarification that will help.

The reference is related to research performed by FleetCarma, which analyzes electric vehicle sales, and the 140 percent reference refers to normal state of electric vehicle adoption in Ontario at the time of assessment.

Assuming there was not the bumper crop of electric vehicle purchases that occurred last year as the electric vehicle incentive in Ontario disappeared, 200 percent is the actual rough adoption rate -- it is actually about 214 percent -- is the adoption rate, based on the fact there was a bumper crop of electric vehicle purchases in the run-up to the end of the electric vehicle incentive.

So I think it probably would help to clarify why there is two numbers there.  The actual expected rate of adoption had that EV incentive not been cancelled was more around the 140 percent.

MS. DeMARCO:  Thank you.  Can you briefly summarize the conclusions of your evidence?

DR. PETRUNIC:  Yes.  So I was asked to prepare an overview, a high-level macro-level analysis of the impacts and analysis of electrification on customer efficiencies.  I was specifically asked by counsel to the DRC to review four particular aspects of this analytical work, and you can find them on page 1 of the evidence that I submitted, in bold.

I was asked to review customer efficiencies that may be affected through the progressive integration of electric vehicles and distributed energy resources, including charging infrastructure.

I was asked to review electric buses, electric vehicle technology, and distributed energy resource charging infrastructure as a reliability resource.

I was asked to review the integration of battery electric buses and EVs and related charging infrastructure into local distribution systems.

And lastly, I was asked to review battery electric buses and EV-related considerations for distribution rate base design.

In that review and the evidence provided I come to several conclusions, and I will summarize those key conclusions here.  There are four key conclusions.

The first is that there are several efficiencies to be gained through the integration of electrified transportation technologies, vehicles, and heavy-duty buses, and those efficiencies emanate in the form of cost efficiencies, specifically cost savings to the Toronto Hydro fleet itself, as well as long-term OM&A asset savings and optimization savings, as well as the fact that these integrated technologies will result in more load across existing wires.

So those are some of the cost-saving efficiencies that evidently are emerging from the significant uptake of electric vehicles and electric transit buses.

The second conclusion is that there are significant expected inefficiencies from ignoring this very clear and real trend line.  And so the inefficiencies arise from missing out on those long-term cost savings, as well as the secondary inefficiency is the potential fragmentation if Toronto Hydro plays no role, the potential fragmentation of charging infrastructure and energy storage devices which may lead to inefficient and non-optimized usage of these distributed energy resources across the entire network.

The third overall summary conclusion point is one about reliability.  The integration of electric vehicles and electric buses along with distributed energy resources does lead to reliability opportunities that are missed if those integrations do not occur, specifically reliability and resiliency around surplus load absorption and the absorption of intermittent renewables and allowing optimized exchange of energy in local communities as a mechanism for overcoming emergency or climate events or any other event that may put reliability at risk.

And so that is the third conclusion.

That all leads to the fourth conclusion, which is, I have concluded in this evidence that Toronto Hydro certainly shouldn't be precluded from considering the significant uptake of electric vehicles and electric vehicle technology and their integration into a distribution plan, and the Board may well want to direct Toronto Hydro to collect data and report on the analysis of those data around its own electrified vehicle fleet and the electrified vehicles in its electricity grid right now.

Finally, that those in reporting that may lead very clearly to an assessment that upfront capital investments in distributed energy resources will result in long-term operations, maintenance, and administrative savings.

So those are the four major conclusions from the activities I was asked to pursue.

MS. DeMARCO:  Madam Chair, I offer Dr. Petrunic as an expert witness open for cross-examination on her evidence.

MS. ANDERSON:  Thank you, Ms. DeMarco.

The schedule, Mr. Ladanyi.
Cross-Examination by Mr. Ladanyi:

MR. LADANYI:  Thank you, Madam Chair.  Good morning, Dr. Petrunic.

DR. PETRUNIC:  Hello.

MR. LADANYI:  Would it be possible to turn to Exhibit K8.1, which is the cross-examination compendium of panel 3, which was distributed by Distributed Resource Coalition.  You should have copies of this document.  It was handed out a few days ago by Ms. DeMarco.

Particularly, I would like to go to tab 1, page 005 at the bottom.

Now, this document appears to be a copy from the Alectra case, which is currently before the Board.  And I wasn't going to introduce it until Ms. DeMarco introduced it, and it is actually a very helpful document for us to think about.

Can we go to the bottom of the page, where it discusses the need to proactively manage DERs with Alectra Utility's distribution system.  The second to last sentence says:
"DERs pose potential challenges in terms of increased intermittent generation, unexpected fluctuations in supply and demand, and potential for stranded assets."

Do you see that, Dr. Petrunic?

DR. PETRUNIC:  I do.

MR. LADANYI:  Do you agree with that statement?

DR. PETRUNIC:  I would qualify that statement, and direct the Board's attention potentially to our response in an interrogatory to EP-13A.

And there you will see in that response that one of the conclusions of my work is looking at the integration of distributed energy resources and energy storage in cases where they are efficient and effective.

There are cases where efficiency and efficacy will certainly arise.  There are potential cases where those efficiencies will not arise, if not properly planned.

And I would in fact direct the Board -- or the Panel and Board's attention to the evidence that I have provided on page 11.  At the very bottom in the final paragraph, part of my evidence is reviewing the potential for efficiencies that could be gained through a widespread network of energy storage devices and charging devices, so distributed energy resources, in a way that specifically, if digitally managed and smart-controlled, would accommodate and support the grid.

And specifically in this case, I am referencing the influence of transit fleet energy resource integration through smart controls and artificial intelligence that allow for optimal applications.

And finally, I would direct the Board's attention to the interrogatory response I provided in EP-16A.  There, in the conclusion that I shared with the Board, is that ultimately in analyzing the integration of distributed energy resources, including electrified vehicles and energy storage devices, our modelling demonstrates there are significant new opportunities around customer efficiencies through, first, a progressive integration of EVs into the distribution system, the potential of EVs, BEBs and EV related distributed energy resources as a reliability resource, and an operations and maintenance implication on the positive end of the spectrum, in terms of savings that can arise and efficiencies that arise, if they are smart-controlled, properly integrated and well planned.

But as you will note there, we also and I also recommend that certainly further research and feasibility analysis should be performed here, because to come to a final conclusion on this matter, a lot more data would need to be provided with forecast estimates than what is provided in the reference you alluded to, as well as in our own evidence.

MR. LADANYI:  So I actually agree with your statement.  I believe that to make, let's say, your vision, if you are a visionary -- and that is what you seem to be -- work out, a lot of investments would have to be made by Toronto Hydro for different forms of equipment, new systems.

This would probably cost a lot of money, and the ratepayers would be paying for it.

The problem that I have, a concern that I have is that it might not work out.  The efficiencies might not happen.  What you think will happen might not work out, for various reasons.

Who will be accountable if it doesn't work out?  Who would actually bear the cost of this?  Would the ratepayers still pay the costs and not get benefits?  Would there be any accountability for what you are proposing?

DR. PETRUNIC:  I am just looking for the specific reference to your query.

I am going to respond to the query, although if it comes to me, I will find the specific reference to your interrogatory.

In general, your question is there may be efficiencies, but there may also be inefficiencies, and it is difficult to tell at this particular point in time.

And I think the truth of the matter is that just as there is insufficient evidence to show that there would be inefficiencies, there's perhaps insufficient evidence at this point in time to guarantee in all instances efficiencies.

But as noted again in my evidence on page 11, and also in terms of the evidence provided in several responses to the interrogatories around utility investments, the clear conclusion at this point in time is that from our TRIPSIM© modelling tool, when we perform the analysis of electrification of transit vehicles, heavy duty vehicles, and electric vehicles, there are clearly greater efficiencies to be gained through the specific integration of these technologies than inefficiencies.

And by efficiencies, we specifically highlight the cost savings to transit agencies and to electric vehicle owners, including potentially Toronto Hydro's own fleet of electric vehicles.

And as per the evidence provided in my evidence specifically, those cost savings align with the high level of efficiency associated with electric motors and the energy storage devices themselves.

So that leads to the end conclusion that insofar as we have modelled these electric vehicles and electric buses, we are consistently seeing greater, long-term operations maintenance and administrative savings compared to the up-front capital investment costs.  And that leads us to conclude, in cases of our modelling, that those efficiencies are more substantial than any potential inefficiencies that would arise from the integration or the costs implications of up-front investments.

MR. LADANYI:  That's a good response, but it actually doesn't deal with accountability.  But I will go on to something else.  Just to confirm, Toronto Hydro is not an operator of transit vehicles; is that right?

DR. PETRUNIC:  That's right.

MR. LADANYI:  Can you turn to the next page on that exhibit that I had before you, which is -- let's go to the next page.

There is a number of issues with adoption of energy resources.  I am not going to go through each one.  But let's go to the bottom of the page, because you did mention reliability.

Here Alectra says:
"With increased DER adoption, the effect of these resources presents certain reliability challenges that require careful understanding and measured actions."

And it says:  "This leads to a need for further study to better understand the impacts," and so on.  I don't need to read you all the evidence.  I don't want to take up a lot of time here.

But there is a potential that adoption of what you advocate will actually reduce reliability.  It is going to make things worse for the distribution system, and it is going to require investments to make sure that the law of unintended consequences doesn't take over.  I am sure you do not want lower reliability, but perhaps that could happen and we could be all worse off after spending a lot of money and having ratepayers pay for it.

What is your answer to that?

DR. PETRUNIC:  So I would point the Board to the evidence I provided on page 10 and 11, where we specifically reference the issue of reliability resource and electricity distribution systems.

Again, to the point I can speak to the modelling we have performed and the research analytics we have performed, and there, in our modelling of electric vehicles and battery electric buses, it is very clear that when properly planned and integrated collaboratively, distributed energy resources ultimately result in local and system-wide efficiencies, cost savings to the fleet owner and operator, whether that is of the vehicles or the charging systems.

That is the outcome of our modelling in the electric vehicle and electric bus domain.

MR. LADANYI:  So that would be -- I would call that a best-case scenario.  The problem is in this hearing room we're dealing with -- we can't just accept the best-case scenarios.  There is a probability they will have actually a medium-case scenario or the worst-case scenario, and at the end ratepayers are stuck with paying for 100 percent of the costs and might never get more than 10 percent of the benefits, and that is a real possibility with adoption of new technology.  We have seen it, for example, with so-called smart meters, which never achieved the benefits that were initially promoted, and a lot of other new technologies, whether it is CIS systems -- they didn't quite work out.

Ratepayers and intervenors heard all kinds of glowing statements from the promoters initially, and these things didn't work out.  Yet the ratepayers ended up paying for everything.

So what do you say to that?  Do you agree with that?

DR. PETRUNIC:  Can you repeat the question, the specific question?

MR. LADANYI:  Let me summarize it for you.

There is a substantial risk -- I will put it a different way -- in adopting new technology, and what you are proposing is going to require Toronto Hydro to invest in a lot of stuff, whether it is software, hardware, whatever, and new employees to make it work.

And after all of this money is spent, and it will inevitably end up in electricity rates, the benefits might not come around, and there is usually a high risk with new technologies that this will not happen.  We have a lot of examples of that, and I mentioned some of them.  So there is a risk here.

How should the Board deal with this risk?

DR. PETRUNIC:  So if I may, I will point the Board to some of the interrogatory responses that speak to the point that were provided.

I will start first with looking at EP-11, in responses to D and E.  There we do look at, again to reiterate what is in the evidence, neutrality on the particular mechanism of ownership, but the possibility that the mechanism of ownership will allow for specific types of benefits in the form of cost efficiencies.

So part of the answer to your question is, what is the model of ownership?  And the model of ownership will certainly have an effect on who benefits from these investments up front and over time.

I would also direct the Board's attention to the responses provided to Staff report.  Sorry, my correction, I will ask the Board to appeal to the response to EP-13.

And in EP-13A there is a response there, again, to reiterate that the evidence provided here, based on our TRIPSIM© modelling, clearly supports well-planned integration of energy storage into the distribution system and that this case scenario that we have been able to model results in cost benefits and efficiencies.

And so your question pertains to what if everything goes wrong.  Based on our analysis in the case of Toronto transit electrification and electric vehicles in the Greater Toronto Area with energy storage integration, we would likely see energy efficiencies and cost efficiencies arising.

I would also direct the Board's attention to responses to Staff 1.  In Staff 1A there is a summary, again, of some of the key conclusions.  And if I may, on the second page, page 2, you will see there in the fourth line down that we note:

"The integration of EVs and related distributed energy resources may reasonably assist in optimizing the distribution network and facilitating reliability, helping to achieve OM&A savings, and through the development of potential new rates and such possibly contribute to revenues."

And those conclusions, again, emanate from the systems we have modelled, which is the clear adoption of electric vehicles in Toronto at the rate that we used in our methodology, and the adoption of battery electric buses at Toronto Transit Commission.

In those cases which were modelled in the evidence, clearly again we are seeing -- pointing towards the conclusion that efficiencies will outweigh the risks that you have identified.

However, I would also iterate the conclusion we have noted in other interrogatories about the fact that there is certainly risk associated with up-front capital investments, but those up-front capital investments are absolutely necessary in order to achieve the long-term operations, maintenance, and administrative cost savings.

And this leads to the ultimate global conclusion that other utilities around the world are exploring this actively.  Other associations representing utilities are exploring this actively.  And in Canada, and certainly in this jurisdiction, we are currently behind in thinking about the investment up front in capital that leads to long-term operations, maintenance, and administrative savings related to battery electric buses and electric vehicles.

MR. LADANYI:  You mentioned efficiencies.  When I hear the word "efficiencies" for Toronto Hydro, it means to me headcount reductions.

So can you explain to me what staff you think would be not needed any more by Toronto Hydro, if that is what you are talking about, efficiencies.  Or where would the Toronto Hydro have savings as a result of changing its grid to accommodate DERs?

DR. PETRUNIC:  That is not what we're referencing in terms of employee cutbacks, if that was the point.

I would again direct the Board to the concluding outcomes of the research provided in the evidence that I have articulated and summarized in a previous query to reiterate the savings that we're referring to or rather the efficiencies that we are referring to are around cost savings associated with Toronto Hydro's own fleet electrification over diesel and gasoline costs.

The operations, maintenance, and administrative cost savings that come through improved life-cycle asset existence, through smart charging and smart controls, and the increase in load across existing wire networks, so new customers across the existing network, those all lead to possible cost savings, and those are the definition of efficiency that we're using here.

And in those concluding statements and the conclusion of the evidence provided referencing the fact that to not make those investments and not engage in those cost-saving efficiencies would likely result in missing savings and inefficiencies, as well as fragmentation of a network system.

And so those would be the efficiencies that we would be referencing, the cost savings to the system overall.

MR. LADANYI:  So as I understand your answer, the actual cost savings would not be seen on the Toronto Hydro's bottom line.  It would be seen by somebody else's bottom line, whether TTC's or other individuals or entities.

DR. PETRUNIC:  Again, I would reference the interrogatory responses where we do refer that depends on the ownership model.  The ownership model is critical here, in terms of who owns the system, therefore who benefits from it.

In our evidence we did not provide any concluding statements on how that ownership model should be structured or who should own all of the assets, whether under regulated or non-regulated business, but the ownership model will deliver and basically drive who sees those savings overall.

We have, however, again in our evidence directly pointed to the fact that Toronto Hydro would see direct savings from the electrification of its own fleet, and they would likely see savings in terms of operations, maintenance, and administrative cost savings through the extended life cycle of the assets that they have available to them, and they would see direct savings in the form of greater load across an existing wire network.

MR. LADANYI:  You mentioned your modelling, which is probably fine, but to this Board and to everybody in this room, it is actually a black box.  You feed some information in it; out pops an answer.

Although it is nice that you have a model that can do this, why should we trust your model?

DR. PETRUNIC:  Here I would direct the Board to EP-11, where I specifically provided a response to the nature of the TRIPSIM© tool.  And there, to take you through responses A and B, CUTRIC developed the TRIPSIM© tool over a period of now three years.  It is coming up to three years, and we constantly are investing in ongoing advancements of this tool.

We developed it in-house in Python code from the bottom up, based on the best available data, in terms of electric power trains, charging systems and energy storage devices.

And in that, we were able to model more precisely than any models we've seen the performance of vehicles and energy storage devices as distributed energy resources.

In response A, as I note there, this tool has become trusted in the industry.  We have modelled dozens of transit agencies and electric vehicle fleets, including the TTC's entire transit fleet, using this tool.

And while it is not in the evidence, it may help to note that we have recently received validation evidence noting that our predictive analysis of how the vehicles will perform, the energy efficiencies gained and the cost savings has so far been validated by on-road performance in Toronto.

MR. LADANYI:  But the cost savings would accrue to TTC, not to ratepayers of Toronto Hydro; is that right?

DR. PETRUNIC:  The cost savings in that particular modelling refer to cost savings to Toronto Transit Commission in terms of fuel savings, which relate to the conclusion we made that Toronto Hydro would experience very similar cost savings directly through the electrification of its own fleet.

In terms of referencing broader savings to Toronto Hydro through the optimized management of overhead charging systems and allied energy storage devices, that is where the evidence has concluded and the evidence that I provided that there are potential long-term operations maintenance and administrative costs for Toronto Hydro.

In particular, if I direct the Board's attention to page 5 of the evidence provided, where there is table 1.0 summarizing the commodity cost generated, there you will see the total gigawatt-hours generated across 30 percent of TTC's fleet being electrified and 5 percent of electric vehicles in Toronto.  In this case, our modelling shows 250 gigawatt-hours being generated on extremely conservative estimates of electrification.

That 250 gigawatt hours is a 50 percent increase over Toronto Transit Commission's current electricity load, which leads back to the conclusion I iterated primarily, which is there's cost savings directly to Toronto Hydro that will likely arise from the integration of these technologies, because there's greater demand and customer base across the same wires.

Those are new electrons into Toronto Transit Commission and into Toronto's electric vehicle landscape across very much the same distribution network.

And so that relates to Toronto Hydro directly benefiting in terms of cost savings and efficiencies from the optimization and use of its assets.

MR. LADANYI:  I see from the years listed in that table, 2040 and 2025, those are actually outside the number of years that are the span of this case.  So you actually don't have any numbers to cover the period up to 2024, do you?

DR. PETRUNIC:  We do.  The summary there is for the period of 2020-2024, and so it is noting that as of January 1st, 2025, that is the status of electrification.

But the electrification would have been achieved at that level in 2024, and progressively.

MR. LADANYI:  So are you proposing that the Board reduce Toronto Hydro's operating costs by the amounts listed there?

DR. PETRUNIC:  No, CUTRIC has not made any and I have not made any direct recommendations to the Board in that regard.

However, back to the concluding comments that I offered at the very outset of my testimony here, one of our conclusions from this research is that it is not insignificant new load, and it's not insignificant cost savings and efficiencies that could be generated through the integration of electric buses, electric vehicles and distributed energy resources.

And that led to the conclusion that the Board may want to ask Toronto Hydro to document and analyze the expected load from electrification of transportation, based on already existing requirements to electrify certainly at TTC, and to report back on that because those data may well justify Toronto Hydro's up-front capital investments.

MR. LADANYI:  Can I have Exhibit K2.2, which is the Globe and Mail article that I mentioned in my letter?

MS. DeMARCO:  I don't know, Madam Chair, that the witness has that.  Certainly it was not ...

MR. LADANYI:  It is on the screen.

MS. DeMARCO:  I wonder --


MR. LADANYI:  I sent a letter several days ago to make sure the witness had a chance to read that in advance.  But anyway, I am not going to talk a lot about this article.

My most concern -- I am interested in only one number, which is on page 3 of 7.

MS. DeMARCO:  Just before we go on, do you have it, Dr. Petrunic?

DR. PETRUNIC:  I have it here on the screen.

MR. LADANYI:  First, Dr. Petrunic, you are associated with in some way with Sidewalk Labs, which way is it?

DR. PETRUNIC:  Yes.  As I noted previously in the review of my voluntary and independent advisory roles, I have sat as a volunteer, unpaid, independent expert on the advisory committee for Sidewalk Labs as an expert in mobility.

MR. LADANYI:  So on that page that's on the screen now, we can see something called the advanced power grid, and there's two numbers.  One is for $100 million, which I understand is the smaller area covered by Sidewalk Labs, and the other one is for $510,000,000 covering a larger area.

Do you know what is an advanced power grid?  I asked the same question of Toronto Hydro, and they were not sure.  In fact, they could not provide any witness who could explain what is an advanced power grid.

Can you tell us what is an advanced power grid?

DR. PETRUNIC:  In my advisory role, I was not responsible for writing the proposal or the plan for Sidewalk Labs.  My role was only to advise on mobility and mobility integration in the waterfront community.  And therefore, how Sidewalk Labs defines advanced power grid is a question you would need to pose to them.

MR. LADANYI:  You don't know whether this advanced power grid would be owned by Sidewalk Labs or Toronto Hydro?

DR. PETRUNIC:  That is not something that I would have had a role in determining in my advisory and voluntary role on mobility integration.

MR. LADANYI:  So you also -- I will leave this now.  You also mentioned in one of your answers energy storage devices. I just want to explore the extent of what is an energy storage device.

So from reading your evidence, my impression is that whatever is an energy storage device is something that has a battery in it, an appliance -- it could be a bus, it could be a car, it could be a laptop perhaps -- and that Toronto Hydro would, at some date in the future, be able to withdraw power from energy storage devices if it needs it.  Is that what you have in mind?

DR. PETRUNIC:  So here I would direct the Board to the response I provided to EP-7, 7A in particular, and there is one form of discussing what you were referencing.

Energy storage is in fact defined as any type of storage device that holds energy, and it may be chemical or non-chemical.

And in this response, yes, it is possible as we articulate here that any form of energy stored could be drawn upon for a whole host of reasons.

And what I discuss here in this response on page 2 is the specific case study of being able to draw, as Toronto Hydro, from a set of energy storage devices, stationery or mobile in this case, electric vehicles, in order to benefit the grid overall, achieve optimization, cost savings and reliability.

And here in this interrogatory response, I provide an example of how Toronto Hydro may well directly benefit from that technology, which is specifically in creating, say, a subscription program that allows for a targeted depletion of an energy storage device, whether it is again stationary or mobile like an electric vehicle or bus. In the interests of the grid and also in the interests of the customer of that particular storage device or user of that storage device.

So to your question, that is how we define energy storage and how I have described here how one would, as an organization, optimally smart-control the depletion of the storage device in the interests of the grid to achieve long-term savings.

MR. LADANYI:  So theoretically then at some time in the future if your vision plays out Toronto Hydro could withdraw power from, let's say 20 laptops in this hearing room if it needs it.  Is that what you think will happen?

DR. PETRUNIC:  I can't reference the integration of laptops.  It is outside the scope of my expertise.  But in terms of general, could Toronto Hydro extract power from battery electric buses and electric vehicles in the interests of the grid to achieve savings and efficiencies?  Yes.

And that is specifically referenced, again, in the interrogatory response A on EP-7 and also in B, where there is an allied point, and C, where we discussed further the fact that this would not be ad hoc.  It would likely be artificially intelligently driven through smart controls.

And that enabled program, that software-type of programming for smart control, smart-grid optimization, and smart depletion of energy storage devices, would be most certainly in the interest of Toronto Hydro.

MR. LADANYI:  You mentioned the word or the phrase "smart grid".  What is a smart grid?

DR. PETRUNIC:  So in this phrase the word "smart" stands on its own.  "Smart" means and refers to anything that is digitally or artificially controlled to achieve an optimization goal.

So in this case smart grid would be a grid that is artificially controlled through high-powered computing to achieve an optimization goal.  It could include a whole host of optimization goals.

In this evidence, again EP-7, where we reference artificial intelligence, "artificial intelligence" and "smart" are very often used interchangeably, and that references drawing again upon the power from those batteries in a mechanism where the programming is set up to benefit Toronto Hydro and to generate grid-wide benefits from cost savings through to reliability.

MR. LADANYI:  So smart grid is -- is it the same as the advanced power grid?  Or you actually don't know that?

DR. PETRUNIC:  I wouldn't be able to speak to Sidewalk Lab's definition of the advanced power grid.

MR. LADANYI:  Also, does Toronto Hydro's current grid -- is it a smart grid?

DR. PETRUNIC:  That is outside the scope of my specific expertise.

MR. LADANYI:  I remember attending a presentation by the president of Toronto Hydro where he described Toronto Hydro's grid as being a smart grid.  So I know it is not evidence in this case, but, like, what -- are you saying it is not smart enough?  You want it to be smarter?  What exactly are you saying?

DR. PETRUNIC:  I think again it is outside of what I was asked to specifically reference and provide evidence on, so it is outside the scope of the evidence.

In general, however, the concept of "smart" is applied to any system, whether it is a grid or any other, that can be digitally controlled without manual inputs.

Toronto Hydro does have smart technologies embedded, but if the question is how smart is it on a spectrum, that is outside of my specific expertise here, as that would require additional research and feasibility analysis.

MR. LADANYI:  So this is my final question, you will be happy to hear.  I just want you to agree with me that what you are proposing could have negative consequences, there could be things that could turn out wrong, that the benefits will not be realized, and the reliability is going to suffer.  Would that be a distinct possibility?

DR. PETRUNIC:  I wouldn't agree with that statement.  That is not the outcome of our evidence or of our modelling.

If I may, again, I would direct the Board's attention to our response to MS-3, the interrogatory.  First MS-3 there we document, again, the significant increase in demand and load forecasted by our calculations in transit electrification and electric vehicle electrification.  And on page 2, that particular load assessment does demonstrate the conclusion that I iterated at the start of this hearing -- or rather my testimony, which is that there will be cost savings to Toronto Hydro through greater load across the same grid space or across the same assets.

I would also direct the Board's attention to our response, again, which I believe is critical, to EP-7, which we just discussed, to reiterate the fact that through smart-controlled and artificially enabled management of distributed energy resources, Toronto Hydro does stand to benefit from being able to optimize its grid assets and support the electrification of transportation while benefiting from a cost savings standpoint.

Finally, I would conclude back on MS-Staff-3 if I may, and in MS Staff 3, once again, to conclude, there is ultimately there the discussion of long-term O&M savings that we reference.

And those long-term -- sorry, my apologies, it is MS-Staff-2, not MS-Staff-3.  In MS-Staff-2A, the responses to the interrogatories, very clearly we outline in A and B the fact that there are long-term new and distribution revenues and long-term operations, maintenance, and administrative savings, based on the modelling that we completed as part of this evidence for transit electrification and electric vehicle adoption.

So I would agree with the statement that there are great reliabilities to be achieved and great opportunities for optimization, operations, maintenance, and administrative cost savings.

MR. LADANYI:  Actually, you say you agree.  I didn't agree with that.  I actually said there are also risks, but nevertheless, these are all of my questions.

MS. ANDERSON:  Thank you, Mr. Ladanyi.  Mr. Hann.
Cross-Examination by Mr. Hann:

MR. HANN:  Good morning, Doctor.  My name is Norman Hann.  I hope these questions won't take too long, and I did not produce a compendium, as I only have a few.

If you could turn to page 2 of the report, please.  Part B.  What assets are you referring to in part B?  The distribution assets?

DR. PETRUNIC:  Just to clarify, you are asking about 1B?

MR. HANN:  Yes.  1B.

DR. PETRUNIC:  In 1B specifically what we're referencing here are the distribution equipment, the wires, et cetera for Toronto Hydro to distribute electricity.

MR. HANN:  So somehow electric vehicles are going to cause wires to last longer?

DR. PETRUNIC:  So here I would direct the Board's attention to the interrogatory response EP-5, in which we specifically answer that question, and there, in EP-5A, yes, the analysis suggests that through smart integration artificially controlled, smart-enabled optimization of the assets, the integration of electric vehicles and battery electric buses could very well extend the life cycle of distribution equipment, and specifically there I reference through by directional energy flow.

The way in which this is achieved, of course, is through the smart controlled assessment of how often, when, and in what frequency energy should be pulled out of electric vehicles or electric buses or stationary energy storage devices in the interests of the grid.

And so that may, for example, reduce wear and tear, to put it roughly, on the assets and increase the life cycle of those assets, such as wires.

MR. HANN:  It reduces the wear and tear on the wire?

DR. PETRUNIC:  The idea, if I may, behind this is that it is fairly well-established in the industry that if you are engaging in bidirectional energy flow it does mean, first off, that there is a reliability benefit.  There's a way to pull power out of the energy storage devices and put it back onto the grid, and that stands on its own.

But there is also the possibility that energy storage devices, whether they're electric vehicles, battery electric buses, or stationary storage devices, communicate with one another in real time, and that is part of smart-controlled, smart-enabled artificially intelligent.

And if I may, just to conclude, what that means is per the response in interrogatory A, the useful life of distribution assets could be optimized in part because there could be energy exchanged locally without drawing from the grid for certain energy requirements.

And vehicles, electric vehicles, battery electric buses, storage devices that are smart-controlled enable that, which means, to put bluntly, there are opportunities to not draw power from the grid directly.

MR. HANN:  This is something that is new to me.  I didn't realize that pumping electricity through the wires wore them out.  I thought they wore out because of the connections to the insulators and things like that.

One of the things I would suggest is that you may need larger wires to carry the voltage and the current than what is presently in place, which would be a capital cost to the corporation.  Is that correct?

DR. PETRUNIC:  If I may clarify the first point, when we use the word "assets" here, as I noted in the evidence, it refers to all distribution equipment.

MR. HANN:  So poles?

DR. PETRUNIC:  Yes.  Although in this case, poles wouldn't be affected per se.

MR. HANN:  Poles and insulators would or would not be affected?

DR. PETRUNIC:  I would have to speculate there, without the modelling.  So I would recommend that probably further research needs to be done on what particular aspects of the distribution equipment.

But if I may, insulators would make sense as being potentially affected, but it is not in the evidence and that is something that would require additional research.

MR. HANN:  So really from this statement, the Board doesn't have a good idea of what asset life cycles would be decreased, and what maintenance and administration costs would be reduced by this cloud of stuff that is happening?

DR. PETRUNIC:  No.  With that, again, I would refer to the response provided here that in delivering power and electricity, there is an opportunity for optimizing the useful life of all distribution assets.

I was asked again to provide a high-level macro analysis, and in the literature as we provided in the evidence, it is evident that there is clear dialogue around the possibility of life cycle asset extension by being able to remove the central grid from specific load requirements, and that relates again to the smart-enabled system enabling the exchange of energy among and between energy storage devices, without necessarily pulling power from the grid directly.

MR. HANN:  Okay.  Well, I am not sure how you are going to extend the asset life.

But let's move on to page 9, please, where it says: 
"Additionally, Toronto Hydro would financially benefit from electrifying its own fleet as it would reduce the utility's own overall O&M expenses."

Did you look at the total life cycle cost from cradle to cradle of changing the Toronto Hydro fleet to electric vehicles including, but not limited to, the cost of extraction, special metals and disposal of the batteries and then the reuse of the batteries, or the -- in some other type of product?

DR. PETRUNIC:  I'm sorry, I just need to find the reference you were making.

MR. HANN:  On page 9 in the report.  It starts "additionally".  Toronto Hydro would financially -- would financially benefit.

DR. PETRUNIC:  Hmm-hmm.

MS. DeMARCO:  I wonder if Mr. Hann can provide a pinpoint reference of what line he is speaking from?

DR. PETRUNIC:  I do see it.  Sorry, now may you repeat the question?

MR. HANN:  Did you look at the total life cycle cost from cradle to cradle of changing the Toronto Hydro fleet to electric vehicles including but not limited to the cost of extraction of special materials, and disposal of batteries and their reuse possibly in another product?


DR. PETRUNIC:  So in the evidence provided here, the reference specifically that you are referring to refers to the fact that in all instances of our TRIPSIM© modelling, conversion to electric propulsion is always cheaper than diesel or gasoline propulsion in operations.

So that is the first starting point, is that on an operational standpoint in terms of what it costs to operate a current fleet of gasoline or diesel vehicles, versus operating an electric fleet of vehicles, whether heavy duty or light duty, in all cases so far that we have modelled, the operational savings are significant and always positive over the diesel and gasoline comparison.

We have done economic modelling, though I was not asked in this particular evidence to look at full life cycle assessment from an economic standpoint, inclusive of all capital costs and all operations and maintenance costs and benefits.

We have done within TRIPSIM© that modelling, and I can affirm here that in all cases where we have explored that modelling for heavy duty vehicles, the capital cost is paid off and the return on investment is realized between a five to 7-year period over the operational savings -- as a result of the operational savings.

I was not asked to perform that specific analysis for Toronto Hydro's own fleet of vehicles.  To do that would require access to those data.

MR. HANN:  Okay.  What evidence can you provide that the electrical -- electric vehicles last longer than other vehicles, especially the replacement costs of the batteries?

DR. PETRUNIC:  In the evidence I was asked to provide, I was not asked to provide a full assessment of the life cycle of the component parts.  But if it helps the Board, I am happy to respond to that question, although it is outside the evidence I provided.

In our own TRIPSIM© modelling and economic modelling for the transit agencies and electric vehicle fleets, two conclusions are very clear, as well as in the academic literature that currently exists in the assessment of the component parts of electric vehicles, two conclusions are very clear.

The first conclusion is that in almost all cases -- and I say almost all, because there are random cases where, given the drive cycle, the operational savings is not there on day one.

But in almost all cases, and certainly all cases we have modelled, in almost all cases the operational savings are greater than the capital cost investments.  So that is again point number one.

Point number two, however, to your question about the component parts and how we can ensure the maintenance of those component parts is cheaper than the maintenance of diesel or gasoline parts.

Again, I was not asked to provide that evidence in this particular overview, but I can speak to our TRIPSIM© modelling tool.  In all of the transit agencies and all the heavy duty fleets that we have modelled so far in Canada, the operation -- the predicted operational and maintenance costs are much less than the diesel or gasoline equivalent for very obvious engineering reasons and thermodynamic reasons in terms of engine longevity, refurbishment costs, the efficiencies of motors, the lack of breakdown, et cetera, et cetera.

There is a very long litany of variables that go into that. Our own predictive modelling shows that.

In academic literature, it is evident that general opinion from life cycle assessments of a hybrid and electric vehicles in the light duty passenger domain are demonstrating that life cycle maintenance costs are substantially less for individual passenger cars than for diesel or gasoline passenger cars, again for the same reasons and from an engineering perspective, in terms of motor efficiency and wear and engine efficiency and wear and all of the thermodynamic pieces embedded into the power train.

So far circa 2019, academic literature and our own modelling of transit heavy duty vehicles demonstrates that the operational savings are great over time and pay off the capital investments up front, including the integration of energy storage, and that the maintenance of these vehicle types is demonstrating, at least in the light duty sphere and predicted in the heavy duty sphere, lesser cost than diesel and gasoline equivalents.

MR. HANN:  So life cycle is from the point where the vehicle is created to the point where the vehicle is no longer operational?  Is that your definition of life cycle?

DR. PETRUNIC:  In our TRIPSIM© modelling tool, we do not look at cradle to grave.  We look at --


MR. HANN:  I didn't say cradle to grave.  I said cradle to cradle, because there is the disposal and reuse.  That is why we use that term in our analysis.

DR. PETRUNIC:  So there's various forms of life cycle assessments, as you are likely aware, and depending on where your starting point is and your ending point, you are going to have certain outcomes --


MR. HANN:  Your starting point and ending point is where?

DR. PETRUNIC:  In the TRIPSIM© modelling too we typically start with the point of purchase, so the vehicle arrives.

In terms of the manufacturing, we have actually just started to take a look at the life-cycle assessment from the point of manufacture, so for heavy-duty vehicles that is still an unknown, although I can report on academic literature that's looked at the life cycle for electric vehicles and passengers.

MR. HANN:  I am concerned about the creation and the disposal of batteries.  Like, they have all kinds of weird and wonderful elements in them which cause damage through strip mining and things like that.

Have you or the academic research looked at anything about the creation and the disposal of the batteries?

DR. PETRUNIC:  I would say that is outside the scope of what I was asked to do here.

MR. HANN:  Okay.

DR. PETRUNIC:  Our own modelling does demonstrate, however, that the production of electric vehicles is less intensive as an energy process than -- production plus operation is less intensive --


MR. HANN:  No evidence that shows that either way.

DR. PETRUNIC:  No.  In fact, if I may finish, our own evidence shows that the production plus operations of the electric vehicles in the heavy-duty domain are starting to indicate a lesser intense energy footprint than the diesel or gasoline, and substantially lesser, and the reason for that is the efficiency once in operation.

MR. HANN:  Earlier today you talked about the battery --


MS. ANDERSON:  Mr. Hann, are you getting close -- you are well over your five minutes.  Are you getting close to the end?

MR. HANN:  Yes.

MS. ANDERSON:  Thank you.

MR. HANN:  The battery going to 75 percent.  How long does it take for the battery to go to 75 percent under normal operating conditions?

DR. PETRUNIC:  That actually just depends on the drive cycle.  So it is highly variable.  It depends on the drive cycle.

MR. HANN:  Typically?

DR. PETRUNIC:  It's not possible to say typically.  Drive cycles are extremely different by user and by fleet.

But I can inform you of what is publicly known.  Publicly known in the transit domain is that vehicles have a life cycle up to 75 percent of their battery capacity, on average between 12 and 18 years.

MR. HANN:  Thank you.  And on page 3 in the report you have a title, "Potential new revenues for electric car charging".  How does this process bring new revenue to Toronto Hydro, since the delivery charge is moving to a fixed price, which does not include a load component?

DR. PETRUNIC:  So here I would direct the Board's attention to MS-2.

MS. DeMARCO:  Just to clarify for the Board, I believe that is Board Staff 2, so M2-Board Staff-2.

DR. PETRUNIC:  Board Staff 2B, where we first reference an answer to a similar question, which is that the anticipated new revenues are from distribution revenues associated with the distribution and sale of the estimated $6 million there of additional power per annum by 2025, and that is based on the conservative estimate of electrification.

MR. HANN:  So where is Toronto Hydro getting that $6 million from for that number?

DR. PETRUNIC:  As per that clarification, it is not our position that they're getting the $6 million.  It is that there are distribution revenues allied to the distribution of those electrons, and those distribution revenues would accrue to Toronto Hydro.

MR. HANN:  Madam Chair, that concludes my questions.

MS. ANDERSON:  Thank you, Mr. Hann.  And I apologize, I was looking at the schedule.  It looked like it said you had five minutes, but I didn't realize they split you between the break and you had ten.

MR. HANN:  I still have other ones, if I may.

MS. ANDERSON:  No.  That's fine.  We're still over the ten minutes, so let's move on to Mr. Rubenstein.

MR. RUBENSTEIN:  I have no questions.

MS. ANDERSON:  Okay.  So I think then we move to Mr. Sternberg.

MR. STERNBERG:  If I could just have a quick moment. It is going to take more than a moment.  Can I ask for --


MS. ANDERSON:  We actually didn't have an official break, so perhaps if that is helpful.

MR. STERNBERG:  That would be helpful.

MS. ANDERSON:  Then we might just run -- like, I think we can wrap up before lunch if we just take 15 minutes now.  Does that make sense?

MR. STERNBERG:  That would be perfect.  Thank you.

MS. ANDERSON:  Okay.  We will do that.
--- Luncheon recess taken at 12:01 p.m.
--- On resuming at 12:25 p.m.

MS. ANDERSON:  Please be seated.  Mr. Sternberg, whenever you're ready.
Cross-Examination by Mr. Sternberg:


MR. STERNBERG:  Thank you.  Dr. Petrunic, can you tell us how many electric buses are in the City of Toronto currently?

DR. PETRUNIC:  Currently, there are in the jurisdiction of Toronto thirty electric buses on order, of which I believe about ten have been delivered so far.

MR. STERNBERG:  And how many other electric vehicles are in the City of Toronto?

DR. PETRUNIC:  There, I would actually refer back to the evidence that we provided, on page 5 of the evidence provided.

In terms of our predictive analysis and the methodology provided and in fact -- sorry, previously on page 4, if you go back to the projected sales by 2025, you can see there that currently there are not specific data that we have that demonstrates exactly how many electric cars just in Toronto.  Most sales data are national or provincial in nature.

And so what we utilized was an estimation, and at the top of page 4, in order to generate reasonable potential estimations of EV penetration rates in Toronto, we used the current curve describing national sales of EVs from 2013-2018, and then established that extrapolation curve to suggest that EV sales outlook would be approximately 254,000 EVs across Canada, of which a portion would be in Toronto.  And of that portion, we assumed 5 percent of current vehicle electrification.

So unfortunately, we don't have specific numbers of the exact number of vehicles in Toronto that are electric vehicles or plug-in hybrids, but we do have an estimation there of EV sales nationally, and then as a portion in Toronto of the energy consumption.

So unfortunately, I don't have an exact number for you today as to how many EVs in Toronto.

MR. STERNBERG:  You have no specific data currently on that point?

DR. PETRUNIC:  Yes, and it is actually very difficult data to get, because EV sales are documented by their point of sale, and you cannot get data that shows you exactly where those EVs exist after the point of sale.  So you have to extrapolation from national or provincial sales.

MR. STERNBERG:  How many electric vehicles and buses are feeding power back to the grid?

DR. PETRUNIC:  None currently, unless there is a special pilot project.  There have been some special pilot projects that have been initiated where it's been assessed.  But currently, electric vehicles and electric buses are not feeding power back into the grid in Toronto.

MR. STERNBERG:  And you are not aware of the Toronto Transit Commission having set aside any budget for the 2020-2024 period to pay capital contributions to Toronto Hydro to support enhanced distribution system investments, are you?

DR. PETRUNIC:  I am not personally aware of those commitments, if they've been made in that particular way.

MR. STERNBERG:  You are not aware of any such commitments?

DR. PETRUNIC:  I am aware of commitments by Toronto Transit Commission to invest in electric buses and electric bus technology, including the capital investments around that.  There are various aspects of that installation, however, that are negotiated between Toronto Hydro and the TTC.

MR. STERNBERG:  And in respect of Toronto Hydro, though, you are not aware of any budget having been set aside by the TTC to pay capital contributions to it to support enhanced distribution system investments, correct?

DR. PETRUNIC:  Would you be able to define exactly in this context what you mean by enhanced distribution system assets?

MR. STERNBERG:  What does that term --


DR. PETRUNIC:  In this particular context.

MR. STERNBERG:  Let me ask it this way.  You are not aware of Toronto Transit Commission having set aside any budget from 2020-2024 to pay capital contributions to Toronto Hydro in this respect, correct?

DR. PETRUNIC:  No.  I would have to say no directly, in the sense that I am aware that Toronto Transit Commission has set aside budget for the purchase of the buses and storage devices integrated.

MR. STERNBERG:  Now, from your background and qualifications that we heard a lot about this morning, and from the way that you have been qualified or the capacity you have been qualified as an expert, I take it you are not an expert in utility fleets.  Is that fair?

DR. PETRUNIC:  By utility fleets if you mean all of the distribution equipment and utility infrastructure, no, then I am not an expert in that area.

MR. STERNBERG:  And you have not been retained by anyone to do an analysis of Toronto Hydro's fleet, correct?

DR. PETRUNIC:  No, I have not been retained to do analysis of its vehicle fleet, or of its entire electric distribution equipment fleet.

MR. STERNBERG:  And you don't have access to Toronto Hydro's full fleet specifications and information in that respect, do you?

DR. PETRUNIC:  No.

MR. STERNBERG:  And you've certainly not rendered any opinion, and you are not here today rendering any opinion on Toronto Hydro's fleet evidence in this proceeding?

DR. PETRUNIC:  No.

MR. STERNBERG:  And I understand from your evidence that any evidence that you've given relating to Toronto Hydro's costs is an extrapolation from the model, rather than a specific assessment of the details of Toronto Hydro's particular costs.  Is that fair?

DR. PETRUNIC:  That is correct.  I was not provided with the precise data to deliver a precise model based on Toronto Hydro's data.

MR. STERNBERG:  And similarly, you have not conducted any operational analysis on the consequences of a fully electric utility fleet for Toronto Hydro's circumstances; is that fair?

DR. PETRUNIC:  No, I was not asked to perform that analysis.

MR. STERNBERG:  Vehicle availability during prolonged outage, that is an example of something you have not specifically considered or done any analysis on?

DR. PETRUNIC:  No.  Here I was not asked to do that analysis.

MR. STERNBERG:  Are you aware of there being electric alternatives for all the various types of vehicles or vehicle functions that are performed by Toronto Hydro's fleet, and that meet all of Toronto Hydro's particular requirements?

DR. PETRUNIC:  Currently, I don't have that information.  I would require the data from the fleet itself and its operational structure.  So I do not have that evidence available.

MR. STERNBERG:  That's not information you have, and therefore that is not an analysis that you have done?

DR. PETRUNIC:  Correct.

MR. STERNBERG:  Madam Chair, those are my questions.  Just one quick comment, probably out of an abundance of caution.

As we were listening to the evidence, it seemed that we may be -- we may have heard a bit of additional detail on a few points in the oral testimony this morning.  Like you indicated yesterday when we heard a bit of additional detail from an expert on a point, I assume that if there is some additional point that was provided in the oral testimony that Toronto Hydro feels it has some brief responsive factual evidence that it wishes to put on the record, can I assume that Toronto Hydro may do so?

I am not sure if there will be any.  But as I was listening to it, it occurred to me that there may be some detail that Toronto Hydro wishes to address factually on the record.

MS. ANDERSON:  If there was something new.

MR. STERNBERG:  Thank you.  Those are our questions.

MS. ANDERSON:  Thank you.  The Panel has a few questions.
Questions by the Board:

MR. JANIGAN:  Yes.  Dr. Petrunic, I realize that your evidence does not make any recommendations with respect to the ownership model.  But going back maybe a quarter of a century ago, development in telecommunications, the ownership models that were chosen and the delivery options that ultimately resulted had a big effect on who got the benefits and who didn't from those developments.

I wonder if you had any opportunity to sort of do any evaluation of whether or not the benefits of these technologies are available in the same fashion, if you choose to provide it as a distribution -- provide this in the forms of distribution assets, non-distribution assets, third party -- third parties providing it, a competitive market, or third parties providing them as a designated regulator or government.

DR. PETRUNIC:  Certainly, I would be happy to respond to that question.

So there are, I would say, two components to answering that question.  The first is whether there's good data out there right now that has assessed different ownership models both in the distribution domain and as a regulated business for utilities, or as a non-regulated private service, whether that is by utilities or another private sector set of groups.

Right now the data is -- the jury is out, effectively.  There is a lot of pilot projects, demonstration projects, some of which we have researched ourselves at CUTRIC, which are testing out different business models across the country and also across North America.

I can confirm that in all jurisdictions across Canada or North America there will not be a one-size-fits-all solution.  A lot of that comes down to how the utility market is structured, what the investments are that already pre-exist, what the strategy is at the most senior level of decision-making within the utility, and what the strategy investments are in the private sector that service the context outside the utility.

All of those factors combined indicate there are some cases right now where fully private-sector investment ownership, operation, fee-for-service makes sense.  In distribution -- in distributing the charging systems and energy storage devices and in other cases it really truly makes sense that it would be a utility-run business under the regulated business.  And that really, again, comes back to those variables, as I noted.

So the second component would be right now at CUTRIC and I myself, we designed two different testing grounds for business models.  In our Pan-Canadian electric bus project we're actually testing three different models of business and assessing the data out of it.  Then we have a parallel P3, public-private partnership initiative to explore the private sector's engagement.

In the Pan-Canadian project, the three utilities that are involved are B.C. Hydro, Newmarket-Tay Power Distribution, and in this case Alectra, although it is not very much involved, three different business models for who owns and operate the charging system in the interest of the ratepayers or the interest of the user.

In the case of Newmarket-Tay Power Distribution they currently are owning and operating the charging equipment on behalf of York Region Transit.

What their long-term plan is in terms of passing into the distribution rate, as I noted in one of my interrogatories, MS-Staff-4, we don't know what the final plan is at Newmarket-Tay Power Distribution, but we do know that they're open to the idea that it is optimal in the rate base in that community.

We also know comparatively in other jurisdictions from Alectra to B.C. Hydro that may or may not be the case, and so in other jurisdictions a transit agency has taken on ownership of those systems, in Vancouver, and in the case of Brampton, right now Brampton Transit is trying to outsource it, where we have actively spoken to several utilities about their non-regulated business when taking this up.

So the reality is there is insufficient data right now to determine in all communities what the solution, number one, is, but it is evident that it is happening and there's a pressing need, and it is not a tomorrow issue.  It is an immediate, today issue, and almost all of our transit agencies in Canada fall into the category of Brampton or York Region, where they can't do it on themselves, and they need the utility to step in as the expert.  It is not obvious exactly what the utility's business strategy should be, which leads back to the primary point I raised earlier, which is we are extremely behind in Canada in terms of utility strategies for dealing with electrification of transport.

Now, parallel, as I mentioned, there is a P3 initiative we're looking at.  These are really complex engineering systems.  Electric vehicles or buses combined with overhead charging systems at 450 kilowatts, up to a megawatt, with an energy storage device that is smart-enabled in real time with a cloud-based data storage feed is very complicated.  It is very much different from the diesel bus systems that transit and cities we're used to, and operating and maintaining this stuff in the interest of transit riders or taxpayers or ratepayers is completely new to utilities as well.

And so we have started to pursue what would innovative P3s look like if utilities or generators or distributors were involved with private-sector companies in delivering turnkey solutions.

In the case of Toronto, it is an open question right now, and there is no way to get around it other than to start to invest and test out the business cases.

MR. JANIGAN:  Okay, thank you very much.

DR. PETRUNIC:  You're welcome.

MS. FRANK:  At least once during your testimony you indicated that it would be helpful if there was additional information, say tracking from Toronto Hydro, to assist in future analysis.

So my question is, what specifically would you be looking for in terms of helpful information from Toronto Hydro to further advance this area?

DR. PETRUNIC:  There are -- it's a fantastic question.  There are a few sets of data right now that could be analyzed, and if they were available to be analyzed would truly inform probably the Board's assessment and also Toronto Hydro's own assessment.

The first is, of course, the data from its own electric vehicle fleet, which as I understand from previous testimony is not available.

Yet I also understand that in the annual report that Toronto Hydro produced it did report on some preliminary data indicating a 33 percent reduction in its operational cost through partial hybridization, so minor electrification -- I believe, if I am not mistaken, it was stop-start systems, but that I am not an expert on, what they actually embedded in that partial electrification project.  It was reported in the annual report.

There is some preliminary data.  Therefore, if there were a full set of data about the operational costs and savings and the demand generated by Toronto Hydro's own vehicle fleet, that would be a starting point.

The second major --


MS. FRANK:  Before you go on.

DR. PETRUNIC:  Oh, sorry.

MS. FRANK:  So I heard three things.  So you like the cost to operate the fleet.  Is that something that would be per vehicle or something?  I am just trying to figure out what would be helpful.  If we decide, yes, we're going to ask them to give information, what is most helpful for us is to be very specific in the ask.  Just saying you want to know about your cost or savings or demand, we could get anything, you know, is it on a per-vehicle basis?  What specifically is helpful?

DR. PETRUNIC:  Fantastic questions.  I will dive into it in a little bit more detail if it helps.

MS. FRANK:  Please.

DR. PETRUNIC:  On Toronto Hydro's own electric vehicle fleet and also its diesel and gasoline fleet, because you need a comparative analysis, you would want to ask for the cost of procuring the vehicles, so the actual capital cost of the vehicle themselves.  You would want to ask for the capital cost of the charging systems, whether they were baked in with the vehicles or purchased separately.  You would want to ask for the cost, if segregated, of any software control systems they purchased to control the charging of their vehicle fleet, which is data, again, I don't have access to.  That would be a separate digital cost.

You would then want to know the cost of actually electrifying from a fuel standpoint.  So how many kilowatt-hours and at what power level, what kilowatt power level and, therefore, what's obviously the cost of fuelling their fleet, would be the combination of the commodity, the demand charges, and the regulatory charges, to fuel that fleet.

You would then want comparably, just in this particular data set, you would want the cost of the diesel or gasoline vehicles they've purchased.  You would want the cost of the diesel or gasoline that they actually have utilized to fuel those vehicles.

And I would strongly recommend a ten-year average.  Because of the fluctuation in diesel and gasoline prices, a ten-year average tends to provide a better reading of actual operational costs.

You would then want for both the electric vehicles and the diesel and gasoline vehicles the maintenance -- the actual maintenance costs to date from the point of integration of both sets of vehicles.

That would be the base line of data that you would want to see a comparative analysis, and in that data you would probably want to also ask Toronto Hydro to draw on publicly available literature that demonstrates capital cost reduction in the price of the electric vehicles over the next five to ten years, because the price that they paid for their electric vehicles would be inflated based on low volumes two to three to four years ago, whereas four, five to six years from now the capital cost will reduce.  So you want to mitigate the comparison with a price projection. That is publicly available in literature.

That is, I would say, the first set of data. If there were any energy storage integrated, I can't speculate.  I don't know if there was.  You would want to know the cost of the energy storage integrated to fuel that fleet, if there were.

MS. FRANK:  Okay, thank you.

DR. PETRUNIC:  That is that first data set.  There is a second set of data, however, if it helps the Board to consider.

The second set of data that you would certainly want to know are precisely the points that I did not have access to.  Although it is possible to access this data, it is just a little bit hard to do.

You would want to know how many electric vehicles roughly are in the Toronto area and similarly to what we provided here, do a forecast analysis of their adoption integrating federal electric vehicle incentives.  So we've provided a preliminary forecast here.  It is possible to dive deeper into the data to offer more precise forecasts.

And it is possible -- though this is much more technically complex, it is possible actually to read the signal of an electric vehicle.  And so depending on how smart the system is, and how much precedent has been set in other utilities and they have tried to do this, you can actually read the signal of an electric vehicle.  So you may not know how many were purchased and reside here based on point-of-sale data.  But the utility theoretically can actually read the signal of that particular appliance and do an estimate of how many vehicles are issuing that signal.

There are privacy concerns around reading those signals, and that is an issue that was raised by utilities to us.  But it actually, insofar as I understand, does happen in certain circumstances where privacy is maintained, and that would be a larger issue that I wouldn't be an expert to advise on.  But it is technically possible to get very precise how many electric cars there in the GTA, map it on to a forecast of load, and Toronto Hydro would be able to generate a much clearer indication of light duty electrification.

You would then want a third set of data, which is clearly the load forecast, and we have provided a high level estimate load forecast from TTC's own electrification.  It is clear that this is a substantial load, and there is no going back.  The City of Toronto has passed the rules; essentially, they are going fully electric.  Our prediction is it's about 30 percent by 2025, but transit electrification is a step-wise function.  It is not a linear curve and it is not a smooth curve.  It is not that you buy one, then two, and then four and then eight.  It is that you buy five and then fifty, and then 150, and then 500.

So getting a reading from Toronto Transit Commission and directly from the commission on its procurement goals, publicly they are purchasing and have another sixty coming up.  But whether they move to 200 and then 400, or smooth it out, they would be able to inform Toronto Hydro of their plans of electrification to get to a hundred percent by 2040.

Those numbers would allow Toronto Hydro to clearly calculate what the impact on the grid is of new load from those vehicles and the time frame.

You would then -- and here we would offer -- we've completed full fleet electrification of Toronto Transit Commission, demonstrating the likely number of vehicles that would be charged on route at high powers versus at the depot at lower powers.  And of course, there are demand charges that go along with that and distribution revenues that go along with that.

That report is not public yet.  It is in Toronto Transit Commission's domain.  They have it from us.  If they pursue the strategy we have outlined in there based on science, then a substantial portion of that Toronto Transit Commission fleet will charge-up on route, which is called opportunity charging.

The charging is at power levels of 450 kilowatts up to, in the future, one megawatt.

If Toronto Transit Commission could work with Toronto Hydro to provide those numbers, Toronto Hydro were willing to obtain those numbers, which, as I understand, are going to be public at some point in the near future, then it would allow for a much more precise calculation of the distribution revenues that could come from higher powered charging or the impact, the data of the impact on the grid, and which assets need to be upgraded versus which ones can be maintained.

Those pieces of data are available through, as I said, a cooperation between theoretically Toronto Hydro and Toronto Transit Commission, or through the provision of the report that we have offered already, which unfortunately is not public, as I said.

Those would be the basic sets of data because combined with the Toronto Transit Commission electrification, there's a plan for energy storage integration.

And so the third piece within that is you would want Toronto Hydro to provide the data around the likely sites of energy storage at the depot and potentially on route, to support the already confirmed electrification of Toronto Transit Commission.

Those would be the variables.  And if you had access to those variables, much of which can be accessed, some of it collaboratively in this city, you would have a much more precise reading of the energy demand, the load forecast for 2024-2025, and the possible new distribution revenues that arise, as well as possibly the risks associated with those installations.

MS. FRANK:  Okay, that is a very detailed list.  Thank you for that.

DR. PETRUNIC:  You're welcome.

MS. ANDERSON:  Thank you.  You were just talking now about new distribution revenues, and I wanted to explore that a little bit.  In your report, there's a number of references to new revenues, so let's just look at a couple on page 3 of your report.

Move up, please.  The second bullet there.  So I am trying to understand this, because right now you just talked about distribution revenues.

When I read your report, it generally referred to new revenues in general.  And I read the second bullet there, which refers to the 3035,35 division of off-peak, mid peak, peak charging hours would create estimated new revenues for Toronto Hydro from the City of Toronto equal to approximately $20 million.  So when you start talking about on peak-off peak, then it makes it sound like you're talking about the commodity of electricity.

I am trying to understand what, you know -- is that a distribution revenue number?  And what does the on peak/off peak have to do with the distribution revenue?

DR. PETRUNIC:  And thank you for that question.  In fact, I provided a clarification to that issue in M2-Staff-2, because I realized that was confusing.

MS. ANDERSON:  Thank you.

DR. PETRUNIC:   So in that clarification in M2-Staff-2B, I clarified what I should have put in there was of course the new distribution revenue.  We're referring to distribution revenues to deliver that amount of power, which, on a commodity side, would look like that bill.

But we're not -- I am not suggesting that those are the revenues that accrue to Toronto Hydro.  Rather there would be additional distribution revenues to deliver that power.

But what the actual precise number is, in terms of the new distribution revenues that would arise from, say, delivering $6 million worth of power for that electrification rate is -- does require additional calculation, and in part it is based on the data sets I just mentioned.  To fully calculate what those distribution revenues would be to Toronto Hydro, we would need to know how many cars are clustered and charging at the same time, and at what time.  So you could calculate the demand charges over and above, and any regulatory charges over and above, that constitute a distribution revenues.

So it is very difficult without precise data to be able to tell you what the distribution revenues would be, unless I actually know how the charging is intended to occur.

And in fact, I was remiss to mention one set of data that feeds into this as well.  The fourth set of data was, if the City of Toronto has plans for, or Toronto Hydro itself, electrification of its heavy duty vehicle fleet, that would have an impact on distribution revenues here because the overhead charging systems that deliver power to transit agencies in this case are standardized to charge cement trucks, 18-wheelers, electric transit vehicles, so they're common distribution equipment for high powered charging.

Therefore, to calculate the distribution revenues, I would need to know, or Toronto Hydro would need to be able to assess or calculate or estimate how many buses, trucks, cement trucks, garbage trucks are likely to go through that one charging unit at 450 kilowatts in a 15-minute window.

So back to your query.  Here what I have is a calculation of the commodity, and so that commodity is meant to indicate that there would be distribution revenues of that amount of power sold.

However, we would need a loot more data to calculate the actual distribution revenues.

MS. ANDERSON:  Okay, thank you.  Can we go back to that page and go to the last bullet?

So where it starts, "With no energy storage integrated...,"  so this is under the section of electric car charging.   I think this kind of carries on a little bit from where Mr. Hann was going at some point.

With electric car charging and, I guess, the residential market, residential customers and the fact that Toronto Hydro's residential distribution revenues will be fully fixed, it will be a fully fixed service charge before too long, so trying to understand again -- understanding that you don't have the distribution revenues, but how that impacts distribution revenues with electric vehicle charging, or are we again talking about the commodity?

DR. PETRUNIC:  Here, again we used the commodity price to demonstrate how much power would be delivered at the time of charging.

But the implication was, as clarified in MS-Staff-2, that there would be distribution revenues on top.  How much profit comes from that is an open question, since I don't have enough data to be able to demonstrate that to you right now.

But in this case -- and I think it does allow me to offer clarification to the previous query that you posed, when we were talking about life cycle of the asset and extending it, I was remiss in not re responding to the second part of that bullet, which really talked about demand management and peak shaving, demand management optimization of the grid.

So in this scenario, where we have the 50-25-25 split, the assumption is that not all charging happens at the exact same time, as it wouldn't.  50-25-25 split is a reasonable assumption in terms of when cars would plug in to charge all at the same time in a given community across a given certain amount of distribution equipment.

So in that, in that calculation then, one of the benefits to Toronto Hydro from the life-cycle standpoint is if they're smart-enabled, smart-controlled, and they communicate with one another, they can help to be utilized to peak shave and demand manage.

To the extent that that leads to savings on distribution and savings -- rather, asset extension of life or, more importantly, the ability to avoid a capital investment by utilizing existing assets more optimally, that would feed into what the overall -- I suppose if I use the word "profit" -- on the distribution would be.

So that would have to be taken into account, and that is a primary concern here.

So on a 50-20-25 (sic) split roughly, as we showed in -- just to summarize in the data table -- let me make sure -- if by 2025 a 5 percent EV penetration rate is accurate, then there is at least 189 gigawatt hours of new power being demanded by these vehicles.

Whether they're clustered and smart-enabled and communicating with each other through artificial controls or block chain mechanisms, that I don't know.  But if they are, as we have recommended here in artificial intelligence, then you would have demand management, peak shaving, optimized grid performance, and that would theoretically lead to some distribution revenue savings or within the distribution revenue, enabling more of it to be generated for Toronto Hydro's benefit.  Those are pieces of data unfortunately I don't have what the clustering would look like.

MS. ANDERSON:  Okay.  Thank you.  I think those are the Panel's questions.

So Ms. DeMarco, do you have redirect?

MS. DeMARCO:  Just one quick question for completeness.
Re-Examination by Ms. DeMarco:

MS. DeMARCO:  In response to Panel Member Frank's question about the data set, you were speaking very specifically to the fleet demand data.

I wonder if you have any additions in relation to data from bidirectional control centres pertaining to supply or outage reliability data that you would ask for.

DR. PETRUNIC:  So if I understand the question, it's, is there additional data available in terms of how beneficial to the grid it is to have bidirectional energy flow?

MS. DeMARCO:  Is there any data you would want --


DR. PETRUNIC:  Oh, to understand in terms of bidirectionality?  Yes.  I would encourage the Board to consider that this issue of bidirectionality relates specifically to demand management and also optimized grid management and being able to pull power from energy storage devices or electric vehicles or battery electric buses to feed into the grid, to enable, as I said, peak shaving, load management, or other host of other opportunities.

Some data that you would probably want to ask for, and which is, I believe, likely available already, is the type of -- in fact, there is two data sets, if I may clarify.  One is the current intermittent renewable and surplus load that is on the grid, or rather energy that is on the grid, that is lost.  So the losses to Toronto Hydro that could be absorbed in energy storage, whether it is vehicular or stationary, so you would want to know how much energy is currently lost on the grid that could be harnessed, whether it is intermittent renewables or surplus base load.

Then you would want in assessing the value of bidirectional flow and bidirectional investment, to be able to ask Toronto Hydro to do a predictive analysis of the revenue that could be generated in redistributing those energy source, back into the grid, if in fact bidirectional flow optimized for peak shaving and grid management were enabled.

And so what that would look like, it would be predictive analysis.  There is not -- now, here I don't want to speculate, but there is not a lot of literature that looks at bidirectional flow in the actual costs and savings, because it doesn't exist in many jurisdictions in the way we're speaking about.

But it is possible already to analyze the fact that there is a certain amount of energy lost on the grid and it is possible to analyze how that power would be sold back, at what rates, and what the distribution revenues would be.

There is a case study in Toronto in the hydrogen domain where this has already been assessed, and this relates to the Hydrogenics and Enbridge plant in northern Toronto, where they're producing in real time hydrogen as an energy storage device off surplus power, low-cost power, on the grid or intermittent renewables, and then immediately or at optimal periods selling it back or putting it back into the system as electrons.

That data is not public.  It would be something that you would have access to or have to ask for access to, but it is a comparable case of the kind of data you would need to assess bidirectional energy flow benefits.

MS. DeMARCO:  Those are my questions.  Thank you very much.

MS. ANDERSON:  Thank you, Ms. DeMarco.  Once again I apologize to someone whether I have got the pronunciation of their name.  Is it Dr. Petrunic or Petrunic?

DR. PETRUNIC:  It is Petrunic.

MS. ANDERSON:  Petrunic.  Dr. Petrunic, thank you very much.  I think those conclude our questions for you as a witness, and with our thanks you are excused.

MS. DeMARCO:  Thank you.
Procedural Matters:


MS. ANDERSON:  I want to have a little bit of chat with everyone else about next steps before we close the oral hearing, so with our thanks we will move on.

I just want to call everyone's attention to, I guess, Procedural Order No. 4 is the one that established the schedule going out, which established that argument-in-chief is due on August 2nd, OEB Staff's submission is due August 21st, intervenors' submissions August 26th, and reply submissions September the 13th.

We just wanted to just make a couple of points.  There is an Issues List.  It generally is helpful to a Panel if submissions follow that Issues List.  It is particularly helpful if intervenor and Staff submissions follow the argument-in-chief.  So that -- and the reply follows on from that.  So that everything is done consistently, so that when we're looking at an issue we can follow along, and so which means that in Toronto Hydro looking at it generally you would -- we would think that the issues list would be a starting point for consideration in how you want to do that.

We also make a note that this is a very lengthy record.  There is a lot of evidence.  And we encourage people to be concise.  So think about the important issues that you need to put in your submissions and focus in on those.  It is always helpful to us if you zero in on, you know, what is the really important issues for you, so we encourage that.  It helps us when we're at the decision-writing stage as well.

Other than that, I think, unless there is anything else, I think we are at the close of the oral hearing at this point.  So thank you, everyone.
--- Whereupon the hearing concluded at 1:04 p.m.
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