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PROCEEDI NGS

CHAIR M TCHELL: Al right. Let’'s go ahead and
get started, please. Good afternoon and welcone. |'m
Charlotte Mtchell, the Chair of the North Carolina
Uilities Commssion, and with nme this afternoon are ny
col | eagues Conmmi ssi oners ToNola D. Brown-Bl and, Lyons
Gay, Daniel G Codfelter, Kinberly Duffley, Jeffrey
Hughes, and Fl oyd MKi ssi ck.

This is the third in a series of presentations
pursuant to the Conm ssion’ s Septenber 4th O der
Initiating Investigation in Docket Number E-100, Sub 164,
In which the Comm ssion has initiated a series of
educational presentations by experts on energy storage
rel ated topics.

We’'re happy to have with us today Dr. Inre Gyuk
and Patrick Balducci. Dr. Gyuk is the Director of Energy
Storage Research, O fice of Electricity, with the
Departnment of Energy, the United States Departnent of
Energy. M. Balducci is a Chief Econom st for PNNL.

Qur speakers will be working from slide decks
that wll be displayed on the nonitors here in our
heari ng room and the slides have al so been posted on the
Conmmi ssion’s website in Docket Nunmber E-100, Sub 164.

Qur court reporter, as she has done in the
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1 past, is creating a transcript that wll be filed in the
2 docket and avail able on the Conm ssion’s website. These
3 sessions are structured for the benefit of the

4 Comm ssion’s | earning and understandi ng, and the speakers
5 wll be asked to share their expertise and answer the

6 Comm ssioner’s questions as they arise. People in the

7 audi ence won’t have the opportunity to ask questions;

8 however, if you want to file information in this docket

9 I n response to what you hear today or if you would |ike
10 to suggest additional speakers who coul d appear before

11 t he Conm ssion, please do so.

12 Ckay. If it’s okay with our presenters, we'd
13 | i ke to ask questions as we proceed, and | wll ask Dr.
14 Gyuk to proceed to the chair. | wll turn it over to

15 you. Thank you for being here today.

16 DR, GYUK: Distingui shed Conm ssioners, it’'s a
17 pl easure to be here in North Carolina, a state that

18 frequently | only cone to in the sumer in the Quter

19 Banks, but I amwel|l aware that there are many ot her

20 things North Carolina has to offer, and sonme of them

21 right here. The Research Triangle, distinguished science
22 going on. | used to work with NIH at one tinme and have
23 pl easant nmenories of being here in Ral eigh.

24 So today |'mgoing to talk about grid scale
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energy storage, particularly for resilience, stability,
and, well, a greener grid.

| direct the Energy Storage Research Program at
t he Departnent of Energy, the Ofice of Electricity, and
|’ ve done so, well, for the last 20 years. |In fact, we
started this energy storage thing when basically nobody
el se was thinking about it. You d nention it to
utilities and their eyes would gl aze over and say, well,
storage, why would we want to do that, except, of course,
for utilities that punped hydro because those know the
| nportance of storing energy. So energy storage -- the
Energy Storage Program and I'mgoing to talk fromthe
program although I'’mgoing to | ook nati onw de as wel | .

In our office we do a broad range of research
and devel opnent, depl oynent, and analysis. And the
reason for that is because, well, when we started, there
was nothing else there, so we had to do the entire
spectrumand it’s all integrated together.

W start wwth nmaterials, we go to devices, on
to systens, analysis, standards, policy, finance, safety,
and various other things. W teamwth Sandia, Pacific
Nort hwest Laboratory, Qakridge, and also with Argon and
Los Al anpbs National Laboratory, and we work with

I ndustry, states, and utilities.
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1 W’'re pretty good at what we are doing. Anpbng
2 ot her things, we have 10 R&D 100 Awards, which are sort
3 of the Gscars of the technology world, and recently we

4 have gotten two EPA G een Chem stry Awards.

5 Next one, please. The way the program and, if
6 you wsh, the entire field of storage is organized, it

7 starts with materials, and we specifically are interested
8 I n sodi um based materials, aqueous sol ubl e organics, and
9 zinc technologies. Now, you don’'t see lithiumthere

10 because lithiumis pretty nuch an established sort of

11 t echnol ogy, so there’s not nuch point in doing research
12 except when it cones to recycling and various -- and

13 safety. Gkay. Then we also do power el ectronics,

14 safety. Reliability is very inportant because not all
15 devices are as reliable as you mght wish themto be.

16 And then we are very much interested in providing state
17 regul atory support, dealing both with state regul atory
18 agencies and public utility conmm ssions. Use case

19 evaluation, this is the thing -- this is a new

20 technol ogy, a new science, if you wish, and we really

21 have to still find out what it’'s good for. GCkay. And
22 I ncreasingly we know what it's good for, but it started
23 sinply with a conviction that sonething Iike this ought

24 to be done and ought to work. And so we’'re devel opi ng
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1 nore and nore use cases, and we’'re eval uating them and

2 maki ng sure that they really provide value. Performance

3 protocol, and then above all, safety.

4 So when you design a business case, there are

5 two things you have to keep in mnd, the cost and the

6 value. And it’'s very inportant to realize that these are
7 not the sanme thing. Gay. Cost and value, eventually,

8 hopefully they will neet in the mddle so that, you know,

9 you have value for cost. But at the beginning there is a

10 | ot of incentives, you know, noney put into the thing
11 sinply to find out what -- whether we can nake it work.
12 But I, in ny program am always |ooking for getting a
13 busi ness case that pays out, nonetary -- it’s got to

14  bal ance nonetarily.

15 So the cost. The cost has three main

16  conponents. The first one, of course, is the energy

17 storage device itself, the battery, if you w sh, but

18 there are other devices as well that could do it. But

19 I nterestingly enough, that’s only about 40, 50 percent,
20 sonetines as little as 25 percent. Ckay. So the battery
21 Is essential, but it’s not the be all and end all,

22 because then you have to take -- think of the power

23 el ectronics. The power electronics and the control

24  systemis what nmakes this thing performproperly.
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1 And then there is the bal ance of plant, the

2 facility, which is at least 20 to 25 percent. And you

3 have to think of this, you ve got your batteries. You

4 have to put the batteries into a pack. Then you have to
5 put the packs into a rack. Okay. The racks will go into
6 a building. Now you have to have air conditioning,

7 particularly with something like lithiumwhich wll warm
8 up too much. You have to have fire suppression

9 equi pnent. You then have to put your building on a pad,
10 on a place for which you have to pay rent, essentially.
11  And then cone the building inspectors, the | awers, the
12 cost of noney, the insurance, the reinsurance. So all of
13 that together -- the comm ssioning -- all of that

14 together is a |lot of noney, and the cost of that is not
15 goi ng down as fast as the cost of the batteries.

16 Okay. Let’s look at the value. The value wll
17 general ly depend on nultiple benefits. Ckay. You can’t
18 do storage on one benefit alone, in general. You ve got
19 to take a nunber of benefits into account. And sone of
20 those are nonetized or easily nonetized and sone of them
21  are unnonetized. Mnetized ones, for exanple, are

22 arbitrage, you know, buy low, sell high, essentially;

23 frequency regulation, which is one that we worked -- that

24y group worked out in the very begi nning; demand
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1 charges, which can conme by the nonth or by the year.

2 Now, in a vertically integrated utility you don’t have

3 these market values, but you have the equivalent. |

4 nmean, the values are still there; you just don’'t have

5 themwitten down as a standard thing. And then cone the
6 unnonetized ones |like resiliency. Very difficult to work
7 wth and -- but very inportant. So how do you build

8 business cases on resiliency, sustainability, and grid

9 stability? These are the main things that you' re | ooking
10 for.

11 Val ues such as resiliency, mlitary energy

12 assurance, energency preparedness, these are all very

13 difficult to nonetize, but often these are the primary

14 reason why you want to put a project into place because

15 you want to have reserves, okay, or because you want to

16 be safe when the -- to nmake sure the lights don’'t go out.
17 It's very difficult to noneti ze.
18 We know that mcrogrids, together with

19 renewabl es and storage, provide good solutions for

20 resiliency and mlitary energy assurance, et cetera, but

21 they don’'t provide the nonetary justification. |If we do
22 a business case like this, it has to be -- has to rest on
23 the nonetizable part of the situation. There' s usually

24 one part that you can nonetize, and that’s the one that
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1 you have to rest on, and then the others are sort of side
2 benefits.

3 One way, of course, to deal with unnonetized

4 one is to nonetize them by nandating them Ckay. |If you
5 say you shall do this, then that automatically provides a
6 val ue.

7 So I'"’mgoing to give a few exanples, all of

8 themdifferent, of how these values can be established; a
9 very nice exanple, Sterling, Massachusetts. Now, that’s
10 wthin I SO New Engl and, so nice market val ues, et cetera.
11 What happened there is the Massachusetts Departnent of

12 Energy Resources gave out grants to 11 cities of about a
13 mllion, mllion and a half dollars for resilience. And
14 then all of these cities said, well, yeah, what do we do
15 now, okay, because the expertise to deal with this is

16 sinply not there in small towns in general.

17 So what we did at the Departnment of Energy, we
18 sort of adopted one of these towns that seened to be

19 particularly promsing, and we saw them t hrough t he whol e
20 process. Ckay. And the first thing we did is we said,
21 okay, you would |ike to put storage into your police

22 departnent. That's very good. |It’s a dispatch police

23 departnent. It can serve the community. You' Il know

24  what’s what and, you know, they can -- they can do this.
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But wouldn’t you like to nmake noney on this? And, well,
the answer, of course, is always yes.

And so what we did is we brought the situation
to Sandia National Laboratory. W took all the data. W
put it on the big conputers and built a nodel, and we
showed themthat by utilizing the nonthly and yearly
demand charges, as well as arbitrage and optionally
frequency regul ation, they could make the system not only
pay for itself, but do it in six and a half years which
Is pretty neat. So the thing goes frombeing a
governnent sinecure to being sonething that actually pays
for itself.

So I’ m showi ng here what the prediction was,
and it turns out that the yearly peaks are the biggest
thing. The way it works is that during peaking
situations, the storage kicks in and brings the peak
down. In the first year the actual recorded savings were
11 mllion for arbitrage, 143 mllion for -- sorry --
$11, 000 for arbitrage, $143,000 for nonthly peaks,
240,000 for the annual peak, for a total of about
$400, 000, which is exactly what we had predi ct ed.

And since then, if you |look at the -- at the
graph, this is ongoing. | nean, you profit every tine.

By April 2019, two and a half years into the project, we
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had produced $1 mllion in avoided cost. Since then the
pl ace has becone rather fanous, and del egations from
Germany, Switzerl and, Denmark, Sweden, Engl and, |rel and,
Australia, blah, blah, blah, blah, and Thail and have
visited there to see how you can do storage and do it the
right way and nmake it pay for itself. Next.

Anot her project that we did, conpletely
different situation, is a small town, Cordova, in Al aska.
This is isolated -- in order to do -- they are based on

hydro, which is a good thing, because they have plenty of

hydro. However, the hydro -- run of river hydro is very
difficult to control and they have -- when they have too
much hydro, they can just spill the water, that’s okay,

but when they have too little, then they have to kick in
di esel, and diesel is very expensive. So at the nonent,
the generating capacity is 6 MWplus 1.25 MWof hydro and
twice a negawatt of diesel. And half a negawatt is
al ways defl ected as spinning reserve.

This is expensive because the hydro is very
| nexpensive at 6 cents a kWand the diesel is 60 cents a
kW So you want to change fromdiesel to hydro, and we
did that by installing a negawatt of storage. It works
well. It does exactly what it is supposed to do. And we

are now exploring to see whether we can find other uses
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to make it even nore so. W have the ribbon cutting
here, the unit here, and the conmm ssioni ng was j ust
recently, June 7th, 2019.

One other nice thing is you can put up a
nmegawatt of storage very quickly. |If you know what
you’' re doing, you can -- after the study has been done,
you can put up a negawatt of storage in three nonths.
That’s what we did in Sterling, unlike a power plant
whi ch takes considerably nore, if you take into account
the siting and, well, the building as well and so on.

Then there’s an exanple in Nantucket, and the
situation they had there is they had two cabl es that
serve Nantucket Island. Well, what wth a | ot of
tourists, the two cables are beginning to be not enough
for peak situations when the tourists are using up --
using up all the electricity. So it was contenplated to
do a third underwater cable. Very expensive. Ckay.
| nstead, a storage sol ution was proposed, and Pacific
Nor t hwest Laboratory, Patrick Bal ducci and his group, did
the analysis, and it turned out that the storage is much
nore cost effective than putting in a cable. And that is
just going with basic cost. Gay. | have the data
there. Patrick may tal k nore about this.

But worked very well, and this is a big one,
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t he deferral value amounts to about $110 million, plus
$36 mllion in operational benefits, with 6 MV of eight-
hour storage install ed.

Agai n, the ribbon cutting, you may see ne over
there instructing themon how to cut the ribbon which
turned out to be very difficult because it was a plastic
ri bbon, and using those big scissors was very difficult
to cut, but we managed. Ckay.

PNNL wor ked out the financial benefits,
technical inpact, and the control strategies. Now, they
did not yet do a |lot of other benefits which are hiding
in there and which we wll look to in the future. This
was a system by the way, with Tesla. And it has a very
good return on investnent of about 1.55 -- well,

I nvestnent. Ribbon cutting in Cctober.

Ckay. We have a lot of other projects, and the
point is to have a different business case for each of
these projects. W work with the Al buquerque Public
School System |If one of those works well -- it’s one of
t he bi ggest school systens in the country. |f we nanage
to do well on one, we get all 140 canpuses. And they are
-- they are very interesting. They have a control room
where they keep track of all of their water, gas, and

electricity. And if they have a little bit nore than

North Carolina Utilities Commission



E-100, Sub 164 Investigation of Energy Storage in North Carolina Presentation Page: 14

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

customary water out of one of the schools, they call the
school up and say, hey, one of your toilets is flushing
too nuch. Anyway.

W have a project with Picuris Pueblo. This is
interesting. W work with a nunber of Indian tribes, and
the goal there is energy independence because they have
realized that they have to rely on their own -- on their
own framework if they want to be -- have a certain
measure of independence, they have to be energy
| ndependent as well as independent otherw se.

By the way, | forgot to nention, obviously, the
Nant ucket exanple m ght have very nice applications in
pl aces |i ke Ccracoke and the Quter Banks.

We have three projects involved in rural co-ops
and mlitary reservations, again, mlitary assurance,
very inportant. Another Al aska project. And we are
taking on a really big one, three -- five towns in Puerto
Rico that have forned the consortiumfor a Centra
Mountain mcrogrid powered by 250 MWV of solar and hydro,
wth 75 MNof storage backup. |If that works, then that
entire nountain district is going to be electrically
| ndependent and, well, as you may know, we had not only
the hurricanes, but recently there have been earthquakes

and whatnot. And the electricity systemis always one of
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the first ones to go. So if you want to be secure, you
need to do sonething along that I|ine.

But what |'mreally after is not just little
projects, but to do this nationw de, and what is energing
Is a nunber of storage ecol ogies, states that are paying
attention that are adopting storage, devel oping the art
of applying storage further fromwere it is. And
generally what you'll need to do this, you need sone
congressional and state support, you need a regul atory
structure that is friendly to storage. It hel ps to have
a national |aboratory, universities, perhaps, that wl|
chanpion this, utilities that are in the forefront of
I nnovation, and real projects, as an exanple, in the
st at e.

So anong the areas that are devel opi ng as such
storage ecologies, California, with its mandate, with
California Energy Comm ssion, and industry. |’ m not
personally necessarily in favor -- in favor of a nmandate,
but for California it worked because it really
ki ckstarted this whol e business. New York, who have BEST
and NYSERDA, and places |like Cty College New York to
devel op new technol ogies. The Northwest, Washi ngton,
Oregon, Al aska. They have Pacific Northwest Laboratory

to help themw th both technol ogy and policy. Forward-
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| ooki ng organi zations |ike the Washi ngton C ean Energy
Fund, the public utility comm ssions that have had --
where we have had input just |ike we have here now, and
the nenbers in the Senate who are | ooking at storage very
seriously. New Mexico is comng up. New Mexico was

t hi nki ng of establishing goals, but they decided that
they didn’t have enough storage yet, and it woul d be
silly to establish goals when you haven't got any good
exanpl es yet, but we do have congressional support and we
are beginning to have projects there. And you ve just
heard about Massachusetts, which works, too.

Now, sonme of the states have very big plans.
California wants to do a hundred -- a mllion, three
hundred MW by 2020 and anot her 800 MNWon top. 2020 is
al ready upon us. Ckay.

Massachusetts, little bit disappointing because
they are -- the study they did asked for 1,000 MW Wl ,
they finally voted for 200 MW by 2020, but maybe it’s
better to be conservative. Wo knows? But they have
recently upped this to 1,000 MM which isn’t all that
much because 200 MW for four hours woul d be about 800 MN
soit’s arelatively small increase.

New Jersey, a very big goal, 600 MVby 2021 and

2 GWby 2030, eventually. New York, 3 GWNby 2030, also.
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Arizona is an interesting case. They have
suggested 3 GW by 2030 proposed. Arizona Public Service
cane up with plans for 850 MWand then they had a fire,
and so everything is up in the air now. W have a group
at Sandi a National Laboratory that is hel ping them | ook
into that. |It’s very difficult because they are at |east
-- well, it’s full of lawers nowadays, and it’s very
difficult to get real information out of it because, you
know, each party in the picture is trying to make sure
that they didn’t do anything wong, but, you know, |ives
have been | ost there or at |east jeopardized. It's a
very bad situation. But | trust that eventually they
wll work it out and Arizona wll have goals as well.

Little Maine has 300 MW pl anned by 2025.
Nevada does not have any official plans, but they are
setting up 380 MW of four-hour storage at a solar farmon
federal land. GCkay. Solar farmon federal land is sort
of everybody wins a bit because, well --

So DCE is happy to provide technical
assi stance, and those states that are interested we have
been visiting. W’ve held a Southeast Synposiumwth
states from Al abama up into Virginia. W’ve done half-
day workshop with New Mexico. That usually invol ves

Sandi a National Laboratory and PNNL. M chigan, we’ ve
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done a one-day workshop. Arizona Public Service, we’ ve
worked with the I RP workgroup to establish best
practices. CEC we work with regularly. W have worked
with the Energy Storage Comm ssion in Mine.

Next week we are at the Nevada PUC on a one-day
wor kshop on policy and val uation, nodeling,
| nt erconnection, conm ssioning, safety, et cetera. And
we are planning a New Engl and conference of PUCs for the
New Engl and st at es.

Overall, we can say that energy storage has
becone a resoundi ng success, wth big plans all over the
place. |’mnot going to quarrel about the exact figures.
They change all the tine, and they change dependi ng on
whom you ask, but -- well, everybody has this exponentia
sort of curve. Next.

But there are also issues. As you wll know,
the lithiumion is the i ncunbent technology. Mst of the
applications are lithiumion, and lithiumion has
probl ens. There are ecol ogi cal and soci ol ogi cal i ssues.
The cobalt in nost of your lithiumstorage is scraped by
little boys in the Congo. Not a very desirable thing for
a world technology. You know, that’s got to stop. And,
of course, if that stops, prices will go up, you know.

The other ecological problemis that it uses a
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huge anount of water and depl etes the groundwater in
areas where it’s being used to the point where -- well,
of course, nostly it’s a desert, but it’s water that

| ocal people rely on, and the groundwater is just going

down now.

Serious issue, safety and reliability. The
thing -- well, chemcal storage is alnost by definition
unstable. GOkay. It’s just a matter of degrees. Sone

are nore unstable. Sone are |less unstable. Lithiumis
quite unstable. GCkay. You ve got to be very carefu
that you don’t have a thermal runaway and fires can be
spect acul ar.

Serious problemis the lack of recycling. You
really can’t recycle lithiumvery well. Once you have
used it, nost of it goes on the trash heap.

So there are pros and cons for lithiumion.
The prois it's lowcost and it’'s market ready, and it's
t he dom nant technology and it’'s famliar. W know how
to work wwth this. W know how nuch it shoul d cost.
There are conpanies that are well known that will be here
five years fromnow and, if necessary, can pay -- can be
responsi bl e.

Contrary, the cons, cycle |life is considerably

| ess than 20 years; nore like 10 years or even eight
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years in bad climates. It shows capacity fades. In
ot her words, the capacity of the battery goes down, down,
down before it abruptly fails.

Safety issues, well, | nentioned them There
have been 15 MW-- 15 MW scale fires in Korea during 2017
which is where a ot of the material is produced.
Arizona had a big one in 2018. There have been 225
aviation incidents with lithiumion. So | don't want to
scare you, but it’s there and it’s to be considered, so
I n any nmandates you consi der or any goals you consi der,
you have to build in safety features as well.

And there is no real U S. manufacturing. Yeah,
Tesla has a plant, but it’s really a Panasonic plant.
You know, it’s not really U S. manufacturing.

And as | nentioned, no recycling. Recently,
Argon has taken on a serious study of recycling and, you
know, we have worked a little bit with reuse.
Particularly, electric vehicle batteries, when they are
down to about 80 percent and have to be retired from
autonobil es, they could be used for, for exanple, |ow
I ncone housi ng, for supporting solar, but there -- there
are a lot of issues in there. You can take them apart.
Finally, you can nelt them down. But when you do that,

the only thing that you can really pull out of it cost
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effectively is the cobalt which we would |Iike to get out
of batteries in the first place. So hopefully five years
fromnow we will have cobalt-free batteries that do not
rely on this rare comodity which is being mned in
soci ol ogically unacceptable ways. So it’s being
considered, but it’'s far fromresol ved.

So we do a lot of materials research trying to
devel op new technol ogi es and | ooking into safety,
reliability, and recycling.

One thing that | want to call to your attention
Is flow batteries. Flow batteries are quite different
fromlithiumion batteries. Basically, you ve got two
big tanks with the chem cal and the chem cal punps, and
when it neets in the electric chemcal cell in the
mddle, it generates electricity. And you can run the
whol e thing backwards and put electricity into it and
charge up the tanks. And if you do this right, first of
all, you can build it as -- you can build it nuch bigger
and you don’t have the degeneration that you have with
lithium So it’s sonmething that a | ot of studies have
going on. It’'s really analogous to a car, where the
power cones fromthe engine and the energy is in the gas
tank. A nunber of themare commercially avail abl e, but

not nearly in the scale that lithiumion is avail able.
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And, of course, what we are |ooking at in flow
batteries as well as in other technol ogies that are being
concern -- concerned are earth-abundant materials, things
| i ke sodi um vanadi um even, nanganese, nagnesi um carbon.
These are the ones that we are | ooking towards that are
literally dirt cheap and where it depends on our
I ngenuity to -- rather than the comodities market.

The cost goals for these technol ogi es that DOE
Is working with are sonewhat |lower than lithiumion
batteries. Lithiumion batteries, at |east the cells,
we' re probably not going bel ow $100 per kWh because they
have been very well searched -- searched out, and when
you -- considering the system we may have to be -- we
may have to be spending nore for things like fire
prevention equi prment, |arger boundaries to keep them
safe, air conditioning that’s nore carefully worked out.
These things -- higher insurance. These things may be
driving lithiumprices up. So -- but for the cells
al one, let’s say a hundred.

Vanadi um fl ow batteries, we have driven them
down to 300. Technol ogi es which we are now working at,
zi nc manganese we might go down as | ow as $50 per kWh,
| ow t enperature sodi um and sodi umion based batteries $60

per kWh, and very tantalizing, aqueous sol uble organics
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1 rather than netals use organi c substances, maybe 125.

2 But if we do this, we wll be independent of any inports
3 fromelsewhere. 1In fact, all of these things are -- the
4 resources are abundantly available in the U S

5 And we have to keep an eye out for advanced

6 | ead. There hasn’t been nmuch novenent research wise in

7 advanced | ead batteries, but we believe there are

8 consi derabl e advances to be nade as yet, and we may be

9 able to make it |l ower than anything else, like $35 per

10 kWh. And lead acid batteries are fully recyclable to 98
11 percent or so, which is outrageously good. And they have
12 a conplete industry that recycles these batteries, which
13 I's nore than any of the other technol ogi es can say.

14 On the horizon we have non-1lithium

15 technologies, better lithiumlike Innolith. W’ ve got

16 vanadi um r edox, zi nc-brom ne, zinc-nanganese, iron-

17 chlorine. DOE has worked wwth all of them W have done
18 research in all of them Al of themwere prom sing

19 ones. You know, they are promsing, but that’s all | can
20 say about them And sone of themare commercially

21 avai |l abl e.

22 Non-battery technol ogi es are bei ng consi der ed.
23 Punped hydro, after all, is a non-battery technol ogy and
24 It works very well. Things |ike taking cenent bl ocks and
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a crane and stacking to nmake cenent bl ocks on top of each
ot her, you know, you build up potential energy. Wen you
need it, you run the crane backwards by putting the
cenment bl ocks on the ground. Could work, you know. They
are trying it in -- trying it out in Sweden. Conpressed
air energy storage where you put |arge anounts of air
into the ground into a cavern such as abandoned gas wel |ls
or oil wells. Thermal systens, including ice, phase
change materials, what have you.

Vehicle to grid is a possibility. Domnion
Energy, which has a small corner of North Carolina, is
experinmenting with a fleet of buses. They're going to
repl ace the entire school bus fleet in Virginia by
el ectric buses, and they' re going to use the batteries in
the electric buses as backup for their system Ckay. |
hope to work with them and see how that use case works
out .

Lots of interest in long-duration, long-term
st orage; peopl e | ooking at eight hours, 12 hours, and
even days. |If you have a lot of solar, you may want
that. Difficult to nmake a busi ness case here. WII
probably need a mandate to make that worKk.

Hydr ogen, ammoni a, these things can store

ener gy, too.
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1 So we are wi nding up. Sone resources for you.
2 W are working with the Energy Storage Technol ogy Advance
3 Part nershi p which has many of the states under its --

4 under its -- inits group. And we are doing regqul ar

5 webinars in order with the C ean Energy Storage

6 Association. These are available for free to anybody who

7 wants to |earn nore about the storage. Generally, when

8 we do sonething new or when a new project cones online,

9 we throwin a webinar and explain it and have the experts
10 inthe field explainit. They are -- they are archived.
11 You can |l ook themup on the internet. They are avail able
12 at all tines.

13 DCE has established and mai ntai ns an

14 I nternational energy storage database which has sone
15 2,000 energy storage projects archived there fromnore
16 than 60 countries. |It’s a good resource to | ook at

17 projects that have actually been built and where they
18 are. Again, it’'s free and avail able on the internet.
19 Recently, we have started an energy storage
20 policy database where all the states that have policy
21 activities are -- they're all contained in there. And,
22 again, it's free and it’s clickable. You just click on
23 the state and say what you want to |look at. And the

24  original docunents are all in there so you can -- you can
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1 access whatever you need.

2 So wth new technol ogies, | expect cost to go
3 down, and hopefully safety and reliability will increase.
4 Wth every successful project, the value proposition wll
5 continue to be better understood and will increase and,

6 anong other things, nore jobs here in the U S wll be

7  created.

8 Thank you. | appreciate your |listening and

9 vyour interest in the field, and if you have questions, we
10 wll be happy to try and answer them

11 CHAIR M TCHELL: Questions from Conm ssi oners?
12 Comm ssi oner Hughes.

13 COMM SSI ONER HUGHES: The vari ous costs that

14  you presented, do they include disposal costs, and could
15 you talk alittle --

16 DR. GYUK: In -- generally, no. Wuat you

17 usually hear about is -- well, first of all, when you see
18 that wonderful curve of lithiumgetting cheaper and

19 cheaper, that’s cells only. Ckay. It doesn’t have the
20 bal ance of plant and it doesn’'t have the power of

21 electronics init. ay. And those are not going down
22 so fast.

23 D sposal alnost uniformly is not included.

24 Ckay. |I'’mnot aware that any conpany will -- now, they
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1 wll tell you that, oh, it’'ll be worked on. | nean, |

2 don’t want to badnouth any conpany. |If you find one that
3 gives you a contract and a nunber, wonderful for them

4 And | hope in future they will do that routinely.

5 COW SSI ONER DUFFLEY: So about a year ago |

6 went to an Energy Storage Association neeting, and

7 Lockheed Martin nentioned that they had obtai ned sone

8 patents and were working on a flow battery that contai ned
9 nore environnentally friendly constituents. | didn't

10 hear you nention that, and | was just wondering if you

11 had a status on that.

12 DR, GYUK: | believe the Lockheed Martin one --
13 Lockheed Martin was the conpany that was runni ng Sandi a
14 Nat i onal Laboratory, so | think it goes back to ny

15 project or ny group’ s project, vanadi umredox battery,

16 which we have -- which we have worked on for al nost six
17 years and which is nowin a virtually commerci al

18 posi tion.

19 COW SSI ONER DUFFLEY: So it’'s alnpst ready to
20 go to market; is that what you're saying?

21 DR GYUK: Well, let’s put it that way. It

22 already went to market, and then they found sone

23 glitches, so it’s now being reengineered. And this is

24  true for a lot of different batteries. Ckay. | nean, it
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took lithiumion along tinme to get to the market, you
know. And it’s nice to get a Nobel Prize for it, but
that doesn’t nean it’'s perfect.

CHAIR M TCHELL: | think I understood you to
say that at this point the resilience benefits associ ated
with energy storage are really unnonetized, but they
don’t appear to be unquantifiable, at least in the
presentation or in the analysis or exanples you ve wal ked
us through. |Is that the case? | nean, if you all are
quantifying resilience benefits, could you hel p us
under st and how?

DR GYUK: W try our best.

CHAIR M TCHELL: Ckay.

DR, GYUK: Ckay. You know, one way to do it
woul d be to say, well, you know, if you ask an insurance
conpany to guarantee that the |ights won’t go out, you
know, how much -- how nuch insurance would you have to
pay? And can you put in a storage unit for the sane
anount? And if the answer is yes, then you have
successfully nonetized it.

But the point is, you know, if you re talking
about, | don’t know, coastal flooding or sonething |like
that, you know, if the disaster occurs, it's a lot, but

everybody is figuring, well, it’'s not going to hit us yet
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or I won’'t be hit or whatever it is. That’s why it’s so
difficult because there’'s a |lot of probability worth into
the -- into resilience.

CHAIR M TCHELL: Ckay. Thank you. You also
mentioned in your presentation discussing sort of the

bui | di ng bl ocks that are critical for successful

depl oynent of energy storage. And one of themyou -- one
of themwas regulatory -- I’mgoing to find your exact
words -- hang on one second --

DR. GYUK: A benign regulatory environnent.

CHAIR M TCHELL: Right. You said sonething to
that effect, but what do you nean by -- how do you define
that? Wat do you nean by it?

DR GYUK: well, that’'s basically working out
tariffs that are not punitive for storage.

CHAIR M TCHELL: Could you el aborate on that?

DR GYUK: | suggest you ask that question to
Patrick again, but the point is there are situations
where -- well, with renewabl es you know that in genera
you get tax credits, you get -- you get all kinds of
things. Wth storage you don't. Gkay. W had -- one of
our early projects we were -- there was a substati on.
The substation needed to be enlarged. That’'s expensive.

Ckay. Because they were custoners that were -- that
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needed nore electricity than was com ng through the
subst ati on.

The trouble is the substation, you basically
have to double it. You know, you can’'t change it
increnentally. So what we did -- this was -- this was
with AEP -- we suggested putting a negawatt of storage.
A megawatt woul d have covered the extra requirenent for,
let’s say, three to five years and it woul d have sol ved
the problem and then if you need yet nore, you could
eventual ly build up the substation.

Well, we knew that we had benefits from
arbitrage, but we could not count the arbitrage benefits
because they were not allowed -- the nmarket did not allow
themthat. Ckay. They could do the -- they could
recover expenses fromdeferring the, you know, deferring
t he expenses, but not fromthe arbitrage, so direct
paynent was not allowed. That’'s because of the PUC
structure. In other places you can.

CHAIR M TCHELL: Ckay. Thank you.

DR GYUK: You want mnultiple benefits, but you
want to nmake sure that all of those benefits can be
charged, or at least as nmany as you find suitable.

CHAIR M TCHELL: Ckay. Any additional

questions from Conmm ssi oners?
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M5. JONES: Hi, Doctor. |’ve got a quick one
for youu On the Sterling, Massachusetts project, if |
under stood correctly, the grant noney was so that -- was
to encourage resiliency type projects.

DR GYUK:  Yes.

M5. JONES: And the project ended up making
noney wth arbitrage and with hitting peaks.

DR. GYUK:  Yeah.

M5. JONES: So if the project is being run to
do that, to do the arbitrage and to clip the peaks off,
how coul d you know t hat when the tornado cones through
and you really need it for resilience that the battery is
charged and ready to go, that it hasn’'t been depl eted?

DR GYUK: They usually tell you a day in
advance when the tornado is com ng, so you nmake -- nake
sure your battery is full. You get all the resiliency
benefits. You don’t |ose any.

M5. JONES:. Thank you.

DR GYUK: But it’s a very good question
because, you know, you cannot run it blindly. You have
to pay attention to what’s going on around you.

CHAIR M TCHELL: Ckay. Any additional
questions from Staff?

(No response.)
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CHAIR M TCHELL: Ckay.

DR, GYUK: | mght add that Staff or
Comm ssioners should feel free to get back to us whenever
they please. |t doesn’'t have to be done formally; email,
you know. Qur interest is to get storage depl oyed, and
If we can help with it, we’'ll be happy to do that.

CHAIR M TCHELL: Well, thank you very nuch.
And thank you again for being here today. W appreciate
your tine.

DR GYUK: M/ pleasure.

CHAIR M TCHELL: Ckay. M. Balducci, you are
up next.

MR. BALDUCCI: Geat. Good afternoon,
everyone. Good afternoon, Conm ssioners. Thank you for
inviting me to speak here today. |’ m happy to cone and
present sone information on the fundanental s of energy
storage val uation, sonme of the work that we’'re doing at
Paci fic Northwest National Laboratory under the
| eadership of Dr. Inre Gyuk who just spoke.

There are roughly 5,000 enpl oyees at the
Paci fic Northwest National Laboratory out in Oregon and
Washi ngton, 5,000 scientists and engi neers and support
staff. And | |lead a team focused on energy storage

anal ytics at PNNL, and you can see sone of their nanes
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there. They include physicists and econom sts and
several different colors and flavors of engineers. So
it's not just ne standing -- sitting here before you, but
an entire teamthat | represent, including Kendal

Mongird who is turning the slides and is a key
contributor on several of the projects that we're
undertaki ng at the nonent.

So we are evaluating energy storage systens in
many different forns across the country. The nodels and
nmet hods and tools that we are enploying were paid for by
the U S. Departnent of Energy under Dr. Gyuk’s program
but we are now bringing in nuch nore funding from many
different organizations. W' ve received an enornous
anount of interest fromstates and utilities. Just
currently we’'re negotiating contracts with five private
utilities, and we’'re doing work with utilities across the
United States presently.

W' re evaluating lithiumion battery systens,
flow battery systens, punped-storage hydro. W have
smal | - scal e punped-storage hydro, 5 MN 30 Mw, at five
| ocations across the United States for Shell Energy North
America and we’'re evaluating | arge scal e punped- st orage
hydro systens, too, one in Wom ng and one in WAshi ngt on

State. And so you can see collectively that we actually
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have an enor nous anount of power and energy capacities
for all the different systens that we’'re currently
eval uati ng.

You can see about 1.6 GWNand 18.2 GM of energy
stored at those sites, though as is typical of energy
storage system the vast majority of the power and energy
capacity is tied to the two | arge scal e punped- st orage
hydro systens that we’'re evaluating currently.

In addition, we' re devel opi ng hydrogen
evaluation tools for the U S. Departnent of Energy and
t he Massachusetts C ean Energy Center, so taking energy
off the grid and transformng it into hydrogen using
el ectrol yzers power-to-gas systens, and then al so havi ng
the capacity to bring it back into the formof electrica
energy through hydrogen fuel cells as well. And all of
the sort of transportation uses and industrial gas uses
and interactions with the energy markets is built into
those tools as well.

W' re effectively focused on four sort of sub-
thrust areas. The first one is the economc. So we're
defining the value associated with energy storage
services provided by energy storage systens of all shapes
and sizes and chem stries. And we are -- have built

t hese nethods, nodels, and tools in a way that’s quite
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flexi ble, so they can be applied anywhere in the United
States, as Dr. Gyuk correctly nentioned. Markets are
fairly straightforward. You have price data, historic
price data and forecast price data you can rely on. It’s
based on nodes or zones or |ocational marginal prices.

But even if you're not operating in a market, sone unit
I's providing the sane service.

So frequency regulation is being provided by a
peaki ng turbine in many cases, and there’s a margi nal
cost associated with that, or you have to purchase nore
capacity resources or resources to denonstrate resource
adequacy and there’'s a cost associated with that. So
t hese avoi ded costs can al so be nodel ed, and so using
production cost nodels and relying on Integrated Resource
Plans and working with utilities we can define the val ue
associated with all of these services even when operating
out si de of markets.

In addition to the econom cs, we’'ve done a
great deal of work with respect to performnmance
characterization. 1’1l get into this in a bit nore
| ater. And what we found is that while you may hear that
lithiumion batteries produce 90 and 92 percent roundtrip
efficiencies, when deployed out in the field and

tenperature effects are factored in and it’s ACto AC, so
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you figure out the | osses associated with the power
conversi on systens and you’'re engaged in economc
operation, so the duty cycles m ght not be ideal, then
the roundtrip efficiencies even for lithiumion can begin
to drop into the | ow 80s and sonetines into the 70s.

The flow battery systens that hold a great dea
of promse in terns of reliability and their nunber of
cycles, so their ability to survive for |ong durations
for many years, the round-trip efficiencies are even nore
-- there’'s nore deviation there and they can actually get
down into the 40s in terns of the roundtrip efficiency,
which is to say when you charge and di scharge the system
under sone conditions you could | ose 60 percent of the
energy in the roundtrip.

So understanding this and then building it into
your econom c nodels is extraordinarily inportant. You
don't want to bid into a market thinking you re getting
90 percent roundtrip efficiency when, in fact, you're
getting 70 percent roundtrip efficiency. And so we're
building all of these |essons into our econom ¢ nodeling.

The next area is distribution system
I ntegration. These energy storage systens don’t isolate
In a vacuum -- they don’'t operate isolated in a vacuum

and so you have to factor in their inpacts on the
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1 distribution system both positive and negative. So

2 there’s inprovenents in resiliency, which for short

3 duration outages we do nonetize. There' s also

4 | nprovenents in terns of hosting capacity for DERs and

5 photovol taic and solar units, but there could be cost as
6 well because if you discharge a systemfully, the feeders
7 may or nmay not be able to actually accommbdate the ful

8 di scharge power of the energy storage system and so al
9 of this has to be accounted for.

10 And then the last area is controls. And so,
11 you know, all the nodeling work that we do and all the
12 simulations and all the econom c assessnents are really
13 planning tools. | nean, effectively we' re defining what
14  we expect the values to be. W sinulate their

15 operations. W try to nake themas realistic as

16 possible. W’ve built in uncertainty, inperfect

17 foresight with respect to prices, but the reality is, is
18 that inreal-tine it’s nore conplicated, and so capturing
19 those values in real-tinme requires tools and control

20 systens and so we help in the devel opnent of those as

21 well. So we’ve devel oped a taxonony of energy storage
22 val ues.

23 And do please feel free to interrupt ne at any

24  time if you have specific questions for each slide. And
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so, you know, | was speaking wth one of the
Comm ssi oners before the hearing, and he raised the
question of distribution |level value. And you re quite
right, nost integrated resource planning processes, of
course, don’t include distribution |evel values or don’t
accurately capture themthrough that process, but they
are significant value, and they include benefits Iike
deferring investnents in distribution systens, inproving
resiliency, reducing outages, and also inproving the
efficiency of the distribution systemthrough Volt-VAR
control or conservation voltage regulation. You can
obtain both real and reactive power from energy storage
systens so they can effectively, you know, inprove the
efficiency of the distribution system

SSimlarly, at the transm ssion system just
like in the case of Nantucket |sland, there can be huge
benefits associated with deferring investnent and
transm ssion assets |ike transm ssion cables, and then
al so in reducing congestion. As each of you probably
know, in markets, congestion is built into the price of
energy, so to the extent that you're relieving congestion
al ong transm ssion networks, it allows power from
t hroughout the region to get to where it needs to be with

less [imtations and at | ower cost. And so that can
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drive down cost throughout the region by alleviating
congestion al ong transm ssion corridors.

Bul k energy services, including capacity or
resource adequacy, and energy arbitrage which is, of
course, buying Iow and selling high in energy markets.

And then there’s all the ancillary services
engaged in trading in market operations, including
regul ation, load follow ng, spin/non-spin reserve, the
standby reserves, and black start service, voltage
support, and those sorts of services.

Once again, even if operating outside of a
mar ket, there is a cost associated with providing each of
these services to the utilities operating in your state.
And there are nodels, production cost nodels and capacity
expansi on planning tools and other nodels that can be
utilized to assign a value in terns of avoi ded cost for
each of these services.

And then finally, behind the neter we have
custoner services. Shifting of energy can result in
reduced demand changes, reduced tine of use pricing and,
of course, outage cost reduction as well.

So we’ ve conducted an extensive literature
review, about 40 to 50 studies of energy storage across

the United States, and we published this in the Energy
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and Environnental Science Journal about a year ago. And
what we see here is that these values do vary greatly
fromone |ocation to the next, and so these values are
not uniform The value here in North Carolina would be
quite different than the values that are evident in the
Pacific Northwest or in California or New York or New
Engl and, depending on the availability of resources and,
of course, the profile of the generation fleet, |oad-
shifting patterns, the extent to which renewabl es,
intermttent renewabl es are expanding in your area.

In a place like the Pacific Northwest we have
very high renewabl e portfolio standards, but we have
| egacy hydro, and so that |egacy hydro drives down our
cost because it adds a great deal of flexibility and | ow
cost generation capacity. But as those renewabl e
portfolio standards begin to inpact our utility
I nvest nent decisions, as they will be in the com ng years
-- Washington is going to a hundred percent RPS, and
Californiais, and Oregon’s is quite high as well -- then
on the margin, these investnent decisions will be nuch
nore expensive. You can't just sinply rely on the | egacy
| ow- cost hydro.

And so higher cost renewables will cone into

the fold, and then the intermttency associated wth that
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wi || generate bal ancing requirenents -- we'll get nore
into that in a few nonents -- but those costs can be
quite significant as well. And so even in one |ocation

t hey change over tine.

In California you' re probably aware of the so-
call ed duck curve. And so as the net |oad, you know,
soars in the afternoon, effectively there are these
significant ranping requirenents, and battery storage
systens have been mandat ed for addressing that and there
IS a new mar ket product, the flexible ranping product,
that is generating significant opportunity and cost in
that region as well. So it varies by |ocation.

And we can see that although arbitrage was the
first use case defined for energy storage system it
makes the nost sense, it tends to be one of the | owest
value of all the use cases for energy storage systens.

Frequency regulation is a higher val ue stream
for energy storage systens. And what we find is that
transm ssion and distribution deferral is extraordinarily
vari abl e, but can be enornous |ocationally, but in many
| ocations is of very little value. Next slide.

So now I"mgoing to go through several of the
use cases and effectively how we assign value to each of

t hem
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So for capacity or resource adequacy,
effectively, this is ensuring that you have enough power
t hroughout the year to neet peak |oads, plus a reserve
requi renent. Capacity markets have been established in
several regions throughout the United States, including
California and New Engl and, and so through a forward-
capacity auction and then ultimately a forward-capacity
mar ket, the prices are set.

Note that, you know, energy storage systens are
very effective at addressing both capacity and frequency
regul ati on, and so when market prices are high, sonetines
energy storage services systenms and new operators of
generators can actually be victins of their own success
because as they bid into these markets to absorb these
hi gh prices, the supply curve shifts outward, the new
mar ket equilibriumprice falls significantly, and
effectively the bottomcan fall out of these markets. So
for a place like I SO New England, it was tradi ng at
roughly $11 per kWper nonth, and then many nore
generators and energy storage systens entered the market,
and the market has recently crashed down to about $3.80
per kW per nonth.

Now, for the regulated utilities, the

vertically integrated investor-owned utilities, this is
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capacity based on the cost of a new entrant or the next
best alternative which tends to be a peaki ng conbustion
turbine. Now, those turbines cost about 150 to 200 kW --
dol l ars per kWper year, but you back out the flexibility
servi ces associated with them and then you have to
determ ne through a | oss of |oad probability analysis the
I ncrenmental capacity equivalent of a battery system
Know that it’s not as capable of providing capacity as,
say, a traditional generator.

So if you have an energy-to-power ratio of say
2, and you only have to cover four hours, you' re only
going to capture half or less than half, potentially, of
the value. So if the value is trading at $120 per kW per
year, a two-hour battery nmay only capture $60 of that
because it’s not going to be quite as reliable as a
generator. Once again, it's -- it may not be fully
charged when cal |l ed upon as necessary, and its energy-to-
power ratio only allows it to ride through for a couple
of hours, and you have to account for all of that. And
typically it’s done through a testing process or through
the |RP process. Effectively, the increnmental capacity
equi val ent i s defined.

The second use case is frequency regul ati on.

Energy storage, of course, starts here through FERC O der
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755, the Pay for Performance Order. The full val ue of
energy storage was captured because there’'s a perfornmance
conponent. And to the extent the generator cannot
provi de the services effectively as the energy storage
system the value is derated; whereas, an energy storage
systemusual |y captures 95 percent plus of the benefit.

And in addition to the capacity that’s bid into
the market for the hour, there’'s a m|eage or service
conponent. So as energy is cycling in and out of the
battery system think of it as string that’s noving up
and down and then you pull the string taut, all of the
energy passing into and out of the system the energy
storage system is conpensated for that as well. So it’s
effectively the summation of all the green bars in the
chart that you can see there.

And once again, in PIMthere was a REG A and
REG D signal that the energy storage systens foll owed
qui te successfully, and sonme of the early entrants nade a
great return on investnent, but once again the PJM nar ket
col l apsed. And then the AGC signal was altered by PIMin
a way that has led to excessive degradation of the energy
storage systens, and so the return on investnent for new
entrants is not nearly as promsing as for old.

And so that’s a challenge for energy storage
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systens. You know, they’ re |ooking at current market
conditions, trying to predict the future to the extent
that | ong-duration contracts are through an integrated
resource planning process that can capture not only the
mar gi nal val ue, but the |long-termvalue of driving down
the cost associated with the frequency regulationis a --
Is a great value to the energy storage providers or the
utilities purchasing energy storage systens.

The next benefit streamis renewabl e energy
time shift and capacity firmng. | already nentioned the
CAl SO duck curve. CAI SO has inplenented a ranping
product, because as all the solar cones offline in the
early evening and then fol ks cone honme and turn on their
| i ghts and their appliances, we're seeing the net | oad
curve thrust upward quite quickly.

And so what CAI SO realized was that through
traditional capacity, plus frequency regul ation and
standby resources, that these resources collectively
m ght not have the ranping capability required to respond
to such an extrene event that was actually taking place,
you know, every day, every weekday during the sunmrer
nonths. And so they inplenented a flexible ranping
product that allows the bidder to not only bid in the

price of providing the service, but also the ranp rate,
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1 so the negawatts per mnute that they can actually ranp

2 up.

3 And so all of this is taken into account

4 through this product, and effectively a demand curve for
5 this extrenme ranping capability is developed on a -- in a
6 real -time basis, and it’s a real-tinme market at five and
7 15 mnutes. And so that’s a significant cost.

8 You know, we found that through a national

9 study that we perforned for Dr. Gyuk there, that for

10 every, you know, negawatt of renewables that you put on a
11 system -- or excuse ne -- for every 6 MVWof renewabl es

12 that you on a system it required 1 MW of balancing. And
13 so when you’'re conparing the cost of solar to a

14 traditional generator, that’'s not exactly an appl es-to-
15 appl es conpari son because the intermttency associ at ed

16 wth renewables carries cost associated with that. And
17 So energy storage systens provide significant value in

18 this regard.

19 We eval uated nationwde. It was a 6 to 1

20 ratio. But then on the margin, because there’s existing
21 bal anci ng capacity, it was a 10 to 1 ratio. So for new
22 wind and solar comng on the system and this is

23 national, we did evaluate it at a regional level, you

24 know, and | can provide that report to you, so it wll
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differ fromone region to the next, but nationally it was
a6toland 10 to 1 ratio.

And then, of course, renewabl e energy capacity
firmng. There are sone areas placing ranp rate
limtations. And I can tell you in the Pacific Northwest
that if you interconnect to the Bonneville Power
Adnministration transnmission |ines, you have to pay $15
per Mvh in firmng cost because of the intermttency
associated wth that. And you can see the |line w thout
energy storage, and then -- and then with it, if you can
add it. Effectively, it can snooth out the intermttency
associated with the generation, renewabl e generation, and
there’s a significant val ue associated with that.

Ckay. The next benefit is outage mtigation.
We can neasure this fromthe perspective of the utility
or fromthe perspective of the utility’'s custoners. And
when we evaluate it fromthe perspective of the
custoners, it'’s in terns of what’'s called val ue of |ost
| oad. And so when the lights go out, it doesn’t nean
much to residential custoners, about 3 to $4 per hour, on
average, based on interruption cost studies perforned by
the Law ence Berkel ey National Laboratories. Smal
comrercial industrial custoners a bit nore. Effectively,

t hey have to, you know, turn down their ovens and turn
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off their lights and they |l ose their custoners that are
restaurants. But for |large comercial industrial it can
be tens of thousands of dollars, as high as $150, 000 per
hour on sone of the cases that we've evaluated. So
signi ficant val ue associated with | oss of | oad.

And what we'll dois we will nodel it with
perfect foreknow edge and with no foreknow edge. So
wi t hout foreknowl edge we woul d be operating in, you know,
all of our various use cases, and then whatever energy
happens to be available in the energy storage systemon a
-- at a tinme when the outage strikes, and we -- in our
simul ati ons we place the outages based on the val ue of
| ost |l oad for the custoners that could be islanded wth
this -- with this energy storage system and then al so
based on historical data around outages.

So on Nantucket |sland there were 704 out ages
over 10 years, so there it was a significant benefit
stream Elsewhere, it's often, say, two to three outages
per year on a typical feeder, and we can effectively
create a statistically average year of outages.

Then we place those randomy throughout the
year, and then our nodel sinulations attenpt to address
them And then we evaluate the value or the cost of the

outage with and without the energy storage system and
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| ook at the change in terns of the value of lost load to
t hose custoners.

The problemw th resiliency and the reason why
It’s not well known is that there are enornous costs when
there are long duration outages. An entire conmunity
ceases to function. So there are direct -- indirect and
I nduced econom c effects associated with all of the
factories shutting down or all of the businesses shutting
down. But there's alsorisk tolife. There's the value
of a statistical life. There's injuries that take pl ace.
There are public safety concerns.

And so, you know, the way we think about this,
at least when I've witten about this, what | have
suggested is that it should be unexpected val ue anal ysis.
So it's a multi-hazard risk assessnent. Wat are all the
things that could go wong and what are the full costs
associated with each of those things? So we’'re doing
sonething like this for a study in Eugene, O egon, but
It’s quite inconplete because of the ability of the
energy storage systemto keep the operations center open
and how t hat changes the outage duration, and who is
af fected under these nmultiple hazard assessnents is
i ncredi bly conplicated, and the utility doesn’t have good

answers for that. No one does, really. And | know
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1 there’s a project at Sandia National Laboratories under

2 Dr. Gyuk’s | eadership, attenpting to assign sone val ues
3 to these key el enents.

4 But for the Eugene system you know, we’'re

5 | ooki ng at snow and ice, so on an average year there’'s

6 about 120 percent chance. So on average there would be
7 1.2 events that woul d cause sort of catastrophic outages
8 for this Eugene Mbddern Electric Board. Wth respect to
9 flooding, it’s a very low probability for Eugene. And
10 then there’s the Cascadi a subducti on zone earthquake

11  event that would be incredibly disastrous for the region.
12 But then the ability of the energy storage

13 systemto keep the operation center open and its inpact
14 under such an extrene scenario is quite challenging to
15 estimate, but we do have reasonabl e estimates, sonething
16 | i ke one-tenth to one-fourth of 1 percent on an annual

17 basis of one of those catastrophic earthquakes hitting
18 Eugene. And so we’'re digging into it, but assigning a
19 full value associated with that is quite chall enging.

20 Ckay. The next slide is transm ssion and

21 distribution deferral. And effectively, you know, if you
22 defer an investnent in a transmssion line or a

23 di stribution substation, you know, it’s going to be about

24 2 percent nore costly each year, so if you defer
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I nvestnment init, it’s going to be a bit nore expensive
10 years fromnow, you know, 1.02 raised to the 10th
power. But when accounting for it froma utility
perspective, and the denom nator of the present val ue
perspective is sonmething nore like 1.06, it’s going to be
based on their weighted cost of capital which is going to
be closer to 6 or 7 percent. So it’s 1.06 raised to the
10t h power.

And so we evaluated a distribution substation,
and we can see here that effectively by deferring
i nvestnment in this distribution substation by six years,
It reduced its cost by about 25 percent from1l0 to 7.5
mllion. And for the submarine cable for Nantucket
Island it was closer to $110 mllion because it was
roughly a $200 million dollar investnent that you could
defer for 13 years.

So that is highly location specific. 1In the
majority of cases there is zero value associated with
di stribution or transm ssion value, but for a select
nunber of |ocations it is the nunber one use case and of
enornous value. W usually go through a screening
process, that there’s 10 or 12 potential investnents that
you can defer at the transm ssion and distribution |evel,

and this is how you defer it, does it apply here. And
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nost of the tine it doesn't, but in sone instances it’'s a
significant value. And, of course, this wouldn't be
captured in a traditional planning process, integrated
resource planning process. And so it’s inportant to

t hi nk of these val ues nore broadly.

Now, |’ve gone through all these use cases, but
you can’t sinply evaluate themindividually and then add
themall together. You have to sinulate operation of the
battery system Effectively, there’ s nultidinensional
conpetition for the energy in the storage system If you
use it in this hour, there's less of it available in the
next hour and the hours that follow and then you cannot
provide all services sinultaneously. Sonetines you can
provide -- you can neet the needs of nultiple services in
a given hour, but in many cases you cannot. And so, you
know, what we find is that, you know, when consultants
eval uate the benefits individually and add them toget her,
you're typically overstating benefits by roughly 30
per cent .

Anot her thing we do is we don't assune perfect
foresight with respect to prices or with respect to | oad
and conditions. W assune inperfect foresight, and then
we predict what those prices will be, but then use the

actual prices for the clearing process. W find you
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typically get an additional 10 to 15 percent of the val ue
when you do that. And so, you know, these additiona
anal ytical steps are required to produce defensible,
scientifically defensible, and I think realistic nunbers.

And so you can see here in this chart here to
the left, the energy prices in the first panel, if al
you were doi ng was buying |low and selling high, in the
energy market you can see the duty cycle there for the 5
MV battery system In the early norning hours it’s
charging. That’'s why it’s negative. You' re pulling
energy off the grid. And then around |lunchtine and in
the -- in the evening hours you're discharging to take
advant age of hi gher prices during those hours.

But then as you |layer in each additional
benefit, balancing distribution deferral and Vol t/ VAR
control, the signal or charging and di schargi ng duty
cycle changes, and so this is what the battery system
woul d be doing to optimally engage in econon c operation.
And you can see that once it does that, sonme of the
arbitrage benefits would effectively nelt away at that
poi nt because you can no | onger capture those. You are
chasi ng hi gher val ue frequency regul ati on benefits.

And effectively, what our nodels will do is

effectively have a running ticker each hour of the val ue
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1 -- a buy value streamthat it’s being generated, and at
2 the end of the year tell you the nunber of hours you

3 would be optimally engaged in the provision of each

4 service and the val ue providing each of those services.
5 So the first case study | want to run through
6 Is the Salem Smart Power Center. This was a shovel -ready
7 project that was funded under ARRA. At the tinme it was
8 extraordinarily expensive, about $20 nmillion plus. And
9 when you built in all the rate inpacts, if it were to

10 have been built into the rates, it would have been cl oser
11 $28 nmillion. The cost of it today would be much | ower,
12 closer to, | think, 6 or $7 mllion, so that shows you
13 the significant degree to which we have been successfu
14 at reducing the prices associated with, particularly,

15 lithiumion battery systens.

16 Al so, there were sone conponents associ at ed

17 with this project, you know, a $3 mllion building that
18 today woul d be unnecessary. And so even with respect to
19 t he power conversion systens, the bal ance of plant and
20 the interconnection costs, sone of those costs have been
21 com ng down, but not to the degree to which the battery
22 system costs have been com ng down.

23 So you can see here it was a 5 MV 1. 25 Mw

24 system so an incredibly shallow systemw th an energy-
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1 to-power ratio of 0.25. It was to act as a -- the

2 provi sion of ride-through capacity in a high-reliability
3 zone to aid in the elimnation of outages for a few high-
4 value custoners, including a call center and the

5 headquarters of the |ocal National CGuard.

6 The utility identified a whole host of

7 potential use cases, but after we eval uated those use

8 cases, we broke them down to nine specific use cases and
9 then, in truth, there were fewer than that that were of
10 real value to the system And so despite the fact that
11 we may have 15 to 20 use cases defined, typically the

12 nunber of use cases evaluated for each systemis nore in
13 the three to seven range. You can’t sinply -- once you
14 start providing nore than that, it gets sliced quite

15 thinly and there’'s very little value that’s remaining.

16 Now, what you’'ll see here is that if you sinply
17 added all the benefits together, you would generate about
18 seven and half mllion, but when co-optimzed, so

19 effectively sinulating operation only taking advant age of
20 the technically achievable benefits, it falls to 5.8

21 mllion, so you can see that it’s a nuch | ower val ue.

22 The energy or the return on investnent ratio
23 was quite low given the very high cost of the system but

24 If you' re investing today at the relatively | ower costs
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1 that are evident in the narketplace, you could, if sized
2 correctly, generate a positive return on investnent

3 ratio. And so one of the points we nake here is that

4 it’s inportant to fully evaluate the technical potenti al
5 and the economi c potential of an energy storage system
6 prior to deploynent, prior to design, because as you can
7 see here, even with today’'s prices the return on

8 I nvestnment ratio was below 1, at about, | think, .78, but
9 I f sized correctly with an energy-to-power ratio of 2.0,
10 they could have yielded a positive return on investnent
11 at 1. 24.

12 Effectively, at 0.25 there’s such limted

13 energy that it really can't serve in the provision of

14 ancillary services. It has very little energy to provide
15 frequency regulation or spin on spin reserve. |t cannot
16 provide hardly any capacity if it’s a four-hour product,
17 for exanple. | mean, effectively you d have to divide
18 the benefit by 16 in this case to make it an increnental
19 capacity equivalent. And so that has to be worked
20  through and should be worked through by the utilities
21 prior to building it into an Integrated Resource Plan or
22 depl oyi ng or designing the system
23 So the Nantucket |sland Energy Storage System

24 Dr. Gyuk already highlighted, and | will get into quite a
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1 bit nore detail here.

2 It’s a small resident popul ation of about

3 11,000. It’s a playground for the rich during the summer
4 nmont hs and the | oad soars to 50,000 for about -- 50, 000

5 MW during about a two-nonth period. But it’s really just
6 a 2 to 300-hour period where you really have to focus to

7 ensure that the N-1 contingency requirenent is net.

8 And so it’s -- rather than investing in a third
9 cable that could cost upwards of $200 million, an energy

10 st orage system can provide that capacity, in this case

11 conbined with a conbustion turbine generator can provide

12 that service, but then be freed for the other 8,560 hours
13 In the year to performother services. And so it was

14  just a very unique and powerful opportunity here for

15 energy storage. And so we evaluated a small nunber of

16 nonmar ket and market operations to a very successful

17 degree in this case.

18 So the benefits of |ocal operations, you can

19 see here to the right that we nodel ed | oad and t hen

20 predicted | oad out into the future, projected it out into
21 the future for a nunber of years. And so the load is

22 evaluated in sort of an extrene scenario as sort of a 95

23 percentile extreme scenario so that ensuring that we're

24  quite conservative.
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What we found that basically in this year, the
first year in which the | oad woul d be expected to exceed
the N-1 contingency without the availability of the
energy storage systemand that it would only require
energy fromthe battery systemfor four hours this year.
And then in future years we projected and then predicted
the hours during which the energy storage system would
need to be available to ensure that you' re neeting that
N-1 contingency scenari o.

So wth that analysis and then projecting into
the future, you can see the nunber of deferral years
estimated at 13. The benefits of | ocal operations was
estimated at 122 mllion. Mst of that was the
transm ssion deferral benefit, but the other was outage
mtigation, 704 outages over 10 years. W went through a
screeni ng process and reduced all the outages that the
energy storage systemcould not mtigate, and that
actually elimnated sonmething |ike 80 percent of the
outages. We broke it down to a smaller nunber. W
nodel ed the entire distribution system for Nantucket
| sland and then sinulated the rel evant outages with and
wi thout the availability of energy storage.

And so we could show that under idea

circunstances, that the battery systemcould elimnate
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roughly 46 percent of the custoner m nutes of
Interruption on that island, so an enornous benefit.
Now, | say ideal because when we perforned the
di stribution systemanalysis, we |learned two things. One
Is that you could not fully export both the conbustion
turbi ne generator and energy storage system power
si mul taneously. You would effectively overwhel msone of
the lines on the island. So we could target specific
I nvestnents in reconductoring to enable the full
di scharge of the systenms. And then the other thing was
that all the switching on the island had to take pl ace
manual ly. And so we take about an hour to do all of
that, and through sone automated sw tching you coul d
reduce that to five and potentially one m nute of outage
before all the power is restored. And so an enor nous
benefit in terns of show ng the value of each of those
I nvestnments and the costs of them show ng that you coul d
effectively inprove the econom cs by about 2 to $300, 000
annual | y through those investnents which, of course, were
quite a bit lower than that, so a significant val ue.

Now, in addition to nonmarket operations,
National Gid wants to engage in nmarket operations, so
sone of you may rightly be recognizing that if they rate

based this asset, which they did, that currently they

North Carolina Utilities Commission



E-100, Sub 164 Investigation of Energy Storage in North Carolina Presentation Page: 60

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

woul d not be allowed to also participate in the energy
mar kets. But FERC has issued a nenorandum suggesti ng
that it was open to operating rate-based assets in energy
mar ket s and encouraging utilities to propose the use of
such systens in energy nmarkets. And so National Gid
wants to use this as a test case and be the first one to
t ake advantage of this opportunity, then pull those
benefits back to their custonmers because the reality is,
Is that they only need this asset for a very limted
nunber of hours each year.

For those of you who are also well schooled in
how mar kets operate, you' |l also recognize that you can’'t
toggle into and out of markets. That’s not all owed, and
you coul d face penalties for effectively what's call ed
econom ¢ W thholding. But through a conbination of rules
and |1 SO New Engl and, they can use this systemto provide
| ocal reliability services and establish an opportunity
cost associated with not providing that service, build
that into their price and effectively nmake the battery
system economi cal ly unattractive to | SO New Engl and.
That’s all perfectly legal. And we’re confident that if
t hey can predict when the N-1 contingency scenarios w ||
be occurring, that effectively they could pull the system

back for providing that service.
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The other thing is in response to FERC Order
841, 1SO New England is now offering sonething called a
CSF. And so this is a storage facility, a continuous
storage facility that acts as a generator would, as a
demand-si de resource would, or as a regul ating resource
woul d. So in markets across Anerica, sonme of the
conplaints are that energy storage systens are treated
| i ke any ot her generator, but they have uni que
attri butes.

So, for exanple, an energy storage system if
it's a 10 MNsystem it can provide the full 10 MWV of
regul ati ng capacity because it can go 10 MNWup and 10 MW
down, whereas a generator cannot. It effectively would
have to provide, you know, 5 MWup and 5 MWdown. It has
to function at the 5 MWI| evel of output and then cycle up
or down. But an energy storage system can provide tw ce
the regulating capability. It also can respond to the
subsecond level, so it’s always spinning, effectively, so
It should be available for providing that spinning
reserve as well.

And so you can see these three signals here in
the top graph to the right, that if it was providing
services as a generator, you can see it discharging

there. |If it’s responding to as a demand-si de resource,
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you can see it absorbing energy down. And then in | SO
New England it can also follow an energy-neutral AGC
signal, and that’s the one that’s cycling up and down.
And those are all conbined into a single signal and it’s
conpensated for all three market services. And so we bid
Into that system

So in the next slide you Il see when it’'s all
added together, it’s $146 million in present val ue
benefits, revenue requirenents of the conbustion turbine
generator plus the battery system The battery system
was 6 MW 48 Mwh system at a cost of about $31 million.
It’s a Tesla battery system The full revenue
requi renents are about $94 million, with a return on
I nvestnment ratio of 1.55.

So if you go to the next slide, you Il see the
results of several of our recent studies. You can see
the Sal em Smart Power Center and how, as currently
constructed, that didn’t function well. Wth the PSE
G acier, the return on investnent fromthe perspective of
the utility was quite poor at about 0.44, but when you
built in the value of lost load, it was an isol ated
community with poor reliability in a nountain near the
Canadi an border, and it al nost penciled out at that

point. It really provided a great service, and there
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1 denonstrated the capacity to island the entire downtown

2 core of that very small city. |It’s about 30 businesses

3 and about 40 residential custoners, but the battery can

4 do that. It can effectively isolate an entire community
5 or a large segnent of Nantucket Island in this case.

6 For OPALCO Decatur |sland we're evaluating the
7 deferral benefits associated with reducing stress placed
8 on a submarine transm ssion cable. So this is a $40

9 mllion cable, and effectively during peak periods we can
10 reduce voltages and stress placed on that cable. And we
11 built an electrothermal nodel to evaluate the benefits of
12 doi ng so, and by doing so you can defer investnent in

13 that cable by about four years. And so those are

14  enornous cost assets, and so a great value there.

15 And then Avista Turner, 1’1l call your

16 attention to that. That is Schweitzer Engineering

17 Laboratories. It would be located effectively in the

18 parking lot of that facility. And when there's a voltage
19 sag of a significant enough degree and duration, the

20 machi nes shut off, and once they' re off, they' re off for
21 three hours mininum And the cost of that is $150,000 an
22 hour, and that takes place about twi ce a year on average,
23 plus there’s -- even though they have two feeders serving

24 that site, there is an outage about every two to three
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years, and so enornous savings to that high-end
manuf act ur er.

So noving on to the cost of storage, you've
heard about the lithiumion prices and how t hey’ ve been
falling. You know, with lithiumion, it’s being depl oyed
i n the consuner electronics area, in the autonotive area,
and less so in the grid space, but because of those
advancenents that are taking place, the manufacturing and
t echnol ogy and the resource appropriation, the costs have
fallen significantly. And so you can see the costs
falling below, for an entire pack, bel ow $200 per kW in
energy capacity. So if you have a 1,000 kWh or 1 Mnh
system the cost of that would be -- would be $200,000 in
this case.

But that’s only roughly half of the cost.
There’s al so power -- a conversion systemcost or the
i nverter shifting the energy back and forth between AC
and DC, and then the bal ance of plant cost and then the
construction and conm ssioning cost. You still have to
build a concrete pad if you don’t place it in an existing
substation or an existing building site. You still have
to build a fence. You still have to get the finance team
i nvol ved, the |lawers, the engineers. You have to

I nterconnect it. You have to control 1it. And all of
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t hose have costs, and those costs aren’t falling as
qui ckly as the costs associated with the battery systens.

Kendal |l there, Kendall Mngird, recently led a
study to evaluate the cost associated with six battery
chem stries broken out by those four conponents that |
just nmentioned, and then also for non-battery
t echnol ogi es, includi ng punped-storage hydro, conpressed
air energy storage system ultracapacitors, and one ot her
which I"’msure |’'Il renmenber in a nonent. But, you know,
what we find is that, of course, lithiumion is the |east
cost technology at this point for a1 MN 4 Mwh system
You woul d expect to pay roughly, you know, 4 to $500 per
kWh all-in cost.

But you'll see there two things. You know,
first of all, the roundtrip efficiency, it’s higher than
the other technologies, so it’s functioning very well,
but it also degrades quite a bit quicker, and if you
don't -- if you're not careful in how you operate the
system it can degrade quite quickly. |If you operate it
efficiently, it wll degrade at about one-half of 1
percent annually. And its life cycle -- its life is only
about 10 years, and that’s under sort of the best
possi bl e conditions. Sonetines you'll get a 20-year

warranty, but when that takes place it’s because there's
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1 effectively interiminvestnents that are included in

2 that, so they have to effectively address the degradation

3 throughout the |life of the unit and replace the entire

4 battery pack after 10 years, typically. And so sone
5 that is built into those contracts that you receive.

6 For a flow battery system you know,

7 effectively, you know, there's electrolyte in big tanks,

8 so if you' re tal king about a | ong duration storage

9 battery system it is very prom sing because you j ust

10 have to nmake the tanks larger, nore electrolyte, you

11 know, passing by a nenbrane that is, you know,

12 effectively energizing the electrolyte, and so you can
13 scale it at a very low cost. But its base systemcost is

14 much higher. Also, its roundtrip efficiency is |ower and

15 nore variable than lithiumion battery systemcosts, so
16 that’s a concern as well.
17 Wth respect to punped-storage hydro, | would

18 mention that, you know, this is 97 percent of the energy
19 storage capacity. Wrldw de, these tend to be enornous
20 systens, very low cost in terns of the dollars per kW at
21 about 165. The energy-to-power ratio tends to be nuch
22 hi gher, you know, sonething |like 10 to 16 to 1. They can

23 -- they can operate for 50 years in sone cases so they're

24 a very long-lived asset, but they are enornously

of
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1 expensive, in the billions of dollars in terns of cost.

2 And so there have been no new | arge scal e

3 punped- storage hydro units built in the U S in the past
4 20 years. And there are significant permtting

5 requirenents if it’s an open-|oop system because it’s

6 Interacting wwth the natural environnent, and that is

7 enornously expensive. And so because it’s not providing
8 basel oad energy, it’s difficult to denonstrate and ensure
9 the value of the system

10 In addition to all the valuation and the cost
11 anal ysis that we’re doing, we’'re al so conducti ng

12 extensive battery testing at Pacific Northwest National

13 Laboratory. Typically, we start with electricity prices
14 and very specific conditions at a site, build in the

15 energy storage specifications, and we devel op a series of
16 duty cycles that mrror the econom c operation of the

17 battery system So what does arbitrage | ook like at this
18 site for this systen? What does the frequency regul ation
19 | ook |ike? You know, what does capacity -- the provision
20 of capacity services look like for this energy storage

21 systemat this |ocation?

22 We go through the DOE -- COE test protocol, then
23 we mrror the econom c operation, go back through the

24 test protocol sonetines nultiple tines. W collect 80 to

North Carolina Utilities Commission



E-100, Sub 164 Investigation of Energy Storage in North Carolina Presentation Page: 68

1 140 data tags per second in sone cases, pass through a

2 filter where we're nonitoring perfornmance, and

3 effectively we have a nunber of paraneters that we're

4 noni toring and our coefficients for each of those

5 paraneters and how they affect roundtrip efficiency and

6 the state of health of the battery systemis updated

7 continuously. And so we can predict wth great accuracy
8 how di fferent types of battery systens can perform and

9 they performquite a bit differently than you woul d

10 expect based on manufacturer specification and what you
11 read in industry literature.

12 So the next slide, Kendall. You'll see that we
13 recently evaluated four battery systens through the C ean
14 Energy Fund. Two were vanadium flow battery systens, a
15 technol ogy that was devel oped at Pacific Northwest

16 Nat i onal Laboratory and then was commerci alized through
17 t he Uni Energy Technol ogi es' systens, and then two

18 lithiumion battery systens, systens as small as 1 Mah,
19 expanding out to 8 Mvh in energy-to-power ratios fromO.5
20 to 3.6.

21 The roundtrip efficiencies for the flow battery
22 systens were |lower than the flow -- than that neasured

23 for the lithiumion battery systens and nuch | ess

24 variable, so we’'ll get onto that in a bit nore in a
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noment, but -- whereas, the lithiumion battery systens
typically are in the high 70s to low 90s in terns of the
roundtrip efficiencies, the flow battery systens, in
fact, did fall into the 40s and 50s in terns of their
roundtrip efficiency based on how you re operating it.

So not only did the roundtrip efficiency differ
by chem stry, it will differ by duty cycle for the sane
battery system So for the Puget Sound Energy d acier
lithiumion battery system basically these are the
roundtrip efficiencies. Each one of these little boxes

represent one week of testing in each of the various use

cases.
So for the lithiumion battery system as the

tenperatures began to fall, you can see that the

roundtrip efficiencies also fell. And then dependi ng on

the use cases, it varied quite a bit. So if there were
significant standby between the chargi ng and di schargi ng,
then it absorbed nore standby | osses. |f the power
out put level was quite low, then the auxiliary |oads were
a larger share of the overall calculation. And so these
were sone of the factors that influenced the roundtrip
efficiency factors.

So we've built this all into a single tool, and

what you' Il see there in that chart to the right is as --
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the |ines converge over tinme, so when we initially
started testing battery systens, we would build duty
cycles for a one-week period, and then within two days we
woul d be outside of state of charge |[imtations. W’d
have to stop the testing and restart it after calibrating
to get the battery back to the state of charge that we
had expect ed.

After we devel oped this nodel and started using
it, then we found that we could go weeks w thout having
to recalibrate. And even if we were engaged in a very
conplex duty cycle with a significant degree of ranping,
we could predict it quite accurately. W’ve also found
that this capability has allowed us to greatly enhance
the value fromthe services provided by the energy
st orage system

When it’s charged, we charged it in the nost
efficient way possible, and when we di scharge, we know
exactly the roundtrip efficiency for each of our nmarket
and nonmar ket operations so we're not blindsided by poor
per f or mance.

And effectively, the four -- the four variables
that were statistically significant in terns of
i nfluencing roundtrip efficiency are power output |evel,

tenperature, the state of charge range within which
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you' re operating, and whether you re charging or
di scharging. And then over tine, of course, degradation
al so influences it.

So in this slide, effectively, as you can see
here, that for this one test for arbitrage, it was very
| ow val ue stream but, you know, we obtained up to 50
percent nore revenue when we could correctly predict the
performance of the battery system So w thout enhanced
operational know edge we were all over the place in terns
of operation, so we're bidding it in thinking we're
getting 90 and we’'re only getting 65.

And so with that enhanced operational know edge
we really reduced the charging cost and could bid it into
the system nore cost effectively. Even for a system
operating outside of the markets, you'll greatly enhance
the value with a -- with a | arge degree of real-tine
operational know edge. And we found that this val ue
proposition is even nore enhanced through know edge of
degradation. So we’'re going to be publishing sonething
very soon covering state of health. And what we found
there is that state of health matters a great deal. |If
you over exercise the battery, you' Il burn it out in
three or four years. So either you can operate it within

the limtations of the manufacturer’s warranty -- that’s
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one way to limt degradation -- the other way is enhanced
operational know edge. So with enhanced operati onal

know edge you could push it a bit to obtain the maxi mum
anmount of value, while not degrading the operation
capability of the system

Let’s skip ahead two slides, Kendall, please.
Wth respect to our controls work, | just wanted to
mention the optim zation perfornmance eval uation tool.
It’s |like a Monday norning quarterback. You operate the
battery systemfor a nonth. W then re-operate it for
another nonth and first sinmulate its operation and see
how nmuch better we can do. And what we found is that we
can do typically nmuch, nuch better than you did with your
control systemfor three reasons.

One is a prediction error. |If you haven't
built in prediction properly into your accounting -- so
you're bidding it in, making sonme grand assunptions about
prices or not properly accounting for prices, you're
probably getting it wong. |If you don’t have enhanced
operational know edge associated with your system you
may think you' re getting 90 percent when you' re getting
much | ower than that.

And another thing is there’'s often a

significatory of logic errors built in. You know, for a
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1 utility in the Pacific Northwest they were using a

2 battery systemto mnimze these bal anci ng paynents that

3 they were paying to the Bonneville Power Adm nistration

4 to avoid what were in nost cases 10 percent penalties for
5 provi sion of bal ancing service, but absorbing 30 percent

6 roundtrip efficiency | osses when doing so, so -- taking

7 30 percent losses to avoid a 10 percent penalty is not a

8 sound econom c decision, and so our tool could catch that
9 and their control systemdidn't, didn't capture it.

10 So, you know, what we’'ve learned is that siting
11 and sizing of energy storage systemis incredibly

12 | nportant. The consideration of a broad set of use cases
13 capturing, you know, optiml set of use cases, while

14 accounting for uncertainty, and accounting for

15 co-optim zation based on the utility structure, the

16  benefits wll vary quite considerably if you' re operating
17 i n and out of the market, and then battery

18 characteristics is inportant to capture those battery

19 characteristics correctly and efficiently.

20 Now, the future of energy storage at PNNL,

21 under the | eadership of Dr. Gyuk and the Departnent of

22 Energy, we’'re expanding our nodels to include many forns

23 of energy storage, including non-battery storage. W

24 hope to work with Sandi a National Laboratories and EPR
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to have a standard valuation -- industry standard
val uati on nodel. W now have our conpeting nodels and
we'd |i ke to have sone col | aboration there.

We’'re going to be devel oping optinmal siting and
si zing of energy storage and bal ancing areas, so when
trying to answer the question how nmuch and where for a
gi ven bal anci ng area, bal ancing authority, we're going to
be working on that over the next couple of years to have
a nodel to enable that -- utilities to answer that
question, increasing the perfornmance, safety, and
reliability of grid-scale storage.

And then wth respect to our policy work --
this is the equitable regulatory treatnent -- we’'re
working with states |i ke Hawaii, Nevada, Oregon, and
Washi ngt on, and addressi ng sone of their chall enges,
whil e i npl enenting mandat es and new | egi sl ati ve
requi renents. W' ve built the DOE Energy Storage Policy
Dat abase and we’ re devel opi ng an eval uati on handbook, all
supporting Dr. Gyuk’s program

And then finally 1'd like to acknow edge Dr.
Gyuk and Bob Kirchneier who | eads the O ean Energy Fund
work. 1’1l be neeting with your staff this afternoon and
my contact information is on the final slides.

And | have a few mnutes, and |I’'d be happy to
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1 take any questions you have.

2 CHAIR M TCHELL: Thank you very nmuch, M.

3 Bal ducci. That was very hel pful information you shared
4 with us. Are there any questions from Conm ssioners?

5 Conm ssion Staff?

6 MR, BALDUCCI: W do have a few m nutes, so --
7 M5. JONES: And it’s Public Staff that you're

8 going to be neeting with --

9 MR, BALDUCCI: Yeah. [I'maquite happy to --
10 M5. JONES: -- when we’'re done. Help ne
11 understand the one chart -- let's see -- page 26, |

12 think, seens to indicate that when anbient tenperature is
13 hi gh, the battery efficiency is high. Am| getting that
14  right?

15 MR. BALDUCCI: Let ne see here. So -- which

16 nunber is that? That's --

17 M5. JONES: Twenty-four (24). |’'msorry.

18 MR, BALDUCCI: Twenty-four (24). GCkay. So
19 let’s see here. Yes. The tenperature -- did | say the
20 reverse? | thought | said as the tenperatures fall,

21 yeah. Yeah. So as the tenperature -- lithiumion

22 battery systens performwel| under higher tenperatures to
23 a point, but they also have HVAC systens that allow t hem

24 to keep themfrom overheating and then had draws on
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1 energy, of course. But up to a point they can -- yeah,

2 It would typically -- yeah.

3 M5. JONES: So how high is high? And if you

4 could help us understand, | nean, North Carolina is sort
5 of known for long, hot, humd sumers.

6 MR, BALDUCCI: Right. Uh-huh.

7 M5. JONES: |Is that a good thing or is that a
8 bad t hi ng?

9 MR, BALDUCCI: | think it would be a good thing
10 up to a point, but it could ultimately be a bad thing.

11 Now, if the -- if the -- if ny staff who work on this

12 were here, they could answer this question nore

13 intelligently. But I wll tell you this, that the

14 tenperature at this site | don’t think ever went above,
15 and this is the tenperature in Celsius there, so | don’'t
16 think it ever went above the low 80s. So this is on the
17 Canadi an border here, so there were very few cases where
18 If it approaches a hundred, and |'m speaking a bit out of
19 turn, but | would expect the roundtrip efficiency to fall
20 as the HVAC systens kick into a higher gear to ensure

21 that you nmaintain a satisfactory cooling | evel for those.
22 The auxiliary |l oads would rise.

23 And so there’'s chemistry effects that are

24 I nproving their roundtrip efficiency, but then there's
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1 going to be thernmal effects that |I think drive it down

2 ultimately once you get into those very high

3 tenperatures. | think that’'s what they would tell you.
4  Yeah. But we never -- we never reached themthere.

5 M5. JONES:. Sure.

6 MR, BALDUCCI: This was North Washington State

7 on the Canadi an border, effectively.

8 And the other thing | was going to say -- so
9 | et nme nake sure | cover this. So sone of the barriers
10 -- you asked a question of Dr. Gyuk and he said ask

11 Patrick, but so with respect to states, you know, with

12 | nt egrat ed Resource Pl anni ng processes, you know, they're
13 not capturing sub-hourly benefits. Otentines they're

14 not capturing |locational benefits as well. So either

15 It’s being treated as a distribution asset and it’s

16 conparing this to, let’s say, a substation upgrade, you
17 know, a new transformer or sonething, but not capturing
18 all of the systemlevel benefits that it can provide. O
19 inthe IRPit’s capturing all of the system| evel

20 benefits, but not any of the location-specific benefits.
21 And also fromstate to state the interconnection

22 standards can differ quite significantly and there can be
23 barriers there.

24 Wth respect to markets, once again, you know,
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the question is, is it a generator, is it a demand-side
resource, is it a regulating resource, and the answer is,
yes, it’s all of those things. It can provide all of
them It has to denonstrate the capacity to provide al
of those services, and there are ways to do it, and FERC
841 is nowrequiring it of all the regul ated nmarkets
t hroughout the United States.

Al so, there can be sort of high thresholds, so
you can’t bid into the market unless you have 1 MNWor 2
MW of capacity. And, of course, there are snaller
battery systens that are yielding |ocation-specific
benefits that could al so provide nmarket-I|evel benefits,
but it’s -- but it cannot participate because of the
requi renents of the system the sort of threshold | evels.

And then once again, if it’s rate based, then
FERC historically has not allowed for market
participation, despite the fact that it may only be
required for the specific service there locally very
infrequently. So if it can denonstrate its ability to
provi de that |local -- location-specific service and bid
into the market, so you have to do any sort of deration
t hrough a performance test or sonething, it should be
allowed to get into those markets. And so Wth Nantucket

I sl and sort of |eading the way, utilities are very
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1 I nterested in pursuing that.

2 CHAIR M TCHELL: Comm ssioner C odfelter.

3 COMW SSI ONER CLODFELTER: I’ m going to give

4 this atry, and we’'ll see if | can get it out. Sort of a

5 summary type question for you, and it’'s going to be a

6 specific case, our case.

7 MR BALDUCCI: Yes.

8 COW SSI ONER CLODFELTER: COkay. So 1’1l get to
9 the question, but let nme sort of lay out the paraneters
10 first of sort of what the case entails. Say we’ve got

11 just south of 4 GWof installed or interconnected PV

12 solar third-party owned, third-party operated.

13 MR BALDUCCI:  Unh- huh.

14 COMW SSI ONER CLODFELTER:  The grid owner and

15 operat or does not own and operate the solar PV.

16 MR, BALDUCCI: Unh-huh. Yeah.

17 COMW SSI ONER CLODFELTER:  Ckay. The only price
18 signal that exists in this case is the contract price

19 negoti at ed between the grid owner and operator, that's

20 our reqgqulated utility, and the solar PV generator.

21 MR, BALDUCCI:  Unh- huh.

22 COMW SSI ONER CLODFELTER:  The -- assune that we
23 add storage or that storage is added to a substanti al

24 chunk or naybe even all of that installed PV.
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MR, BALDUCCI :  Unh- huh.

COMM SSI ONER CLODFELTER:  The requl ated grid
operator has no control over what kind of storage is
added, what technol ogy, what the characteristics are
technically or economcally, what the costs are of that
st or age.

MR, BALDUCCI:  Unh- huh.

COW SSI ONER CLODFELTER:  Assune that that
storage is really opaque to the grid operator --

VR. BALDUCC : Yeah.

COMWM SSI ONER CLODFELTER:  -- in terns of
control. There's no control. Gid operator has no
control of that storage. It’'s charged off grid. [It’s
charged on the generator side of the inverter. It never

Interacts with the grid directly except at the point of
the inverter. Should | conclude fromthat -- and that’s
really the nodel, that’s the case, that’s going to be
that way. Assune that’s going to be the way the case
goes forward. Should | give up trying to val ue any
service or value streamfromthat storage other than
arbitrage, pure arbitrage? |s there any other way | can
In that case -- again, the only price signal |’'ve got is
the contract price of what's paid for the energy.

MR, BALDUCCI:  Unh- huh.
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1 COMM SSI ONER CLODFELTER:  I's there any ot her

2 way | can sort of effectively value any ot her stream of

3 value fromthat storage?

4 MR, BALDUCCI: Yeah. So --

5 COMM SSI ONER CLODFELTER:  And if so, what

6 tinkering or what nodifications to the case do | need to
7 do?

8 MR, BALDUCCI: Yeah. Well, I'Il try ny best to

9 answer that question.

10 COW SSI ONER CLODFELTER:  Okay. Well, | tried

11 nmy best to phrase the question. | don’'t knowif | got it
12 to you --

13 MR BALDUCCI: | totally understand it.

14 COMM SSI ONER CLODFELTER:  -- in an intelligible
15 way.

16 MR. BALDUCCI: Yeah, yeah, yeah. No. I'm

17 definitely follow ng you. Now, why would the third party
18 I nvest in the storage? Wy are they doing that, in terns
19 of isit arequirenment of the utility? Are they going to
20 wuse it for --

21 COW SSI ONER CLODFELTER:  Well, let’s just say
22 | don’t have an answer to that question other than the

23 fact that we have peopl e poundi ng on our door who are

24  those generators who say they want to add storage.

North Carolina Utilities Commission




E-100, Sub 164 Investigation of Energy Storage in North Carolina Presentation Page: 82

1 MR BALDUCCI: Well, would they otherw se --

2 would sone of the energy produced by the PV effectively
3 be curtailed or not conpensated, or is there a higher

4 conpensation rate for --

5 MR. McDOWELL: Could be curtailed, but the

6 avoided cost that they are paid is very granular now and
7 has a hi gher value during those peak hours. So

8 potentially it’s part of the arbitrage opportunity, but

9 they could -- it would be a value proposition to them

10 MR, BALDUCCI: Right, right. And there is a --

11 there is a regional energy market, but no ancillary

12 services -- ancillary service market or -- yeah. Right.
13 COW SSI ONER CLODFELTER:  Ei t her.

14 MR. McDOWELL: Yeah. Either.

15 MR BALDUCCI: Well, okay. O there’'s a just a

16 tinme of use conponent to the --

17 MR. MDOWELL: Right.

18 MR BALDUCCI: -- to the energy price.

19 MR. McDOWELL: Right.

20 MR, BALDUCCI: Okay. All right. Yeah.
21 COMWM SSI ONER CLODFELTER:  The question is

22 should | just give up trying to sort of val ue anything
23 other than arbitrage?

24 MR, BALDUCCI: Yeah. | don't -- you know, |
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1 don't knowif -- so just a fewthings. So, you know,

2 sonetines it’'s a requirenent the solar, you know, the

3 storage with the solar would be a requi renent because it
4 has a grid inpact if you just have intermttent energy

5 hitting the system Simlarly, in the Pacific Northwest
6 they will have to pay $15 per MM for that solar that

7 they produce if it’s above like 1 MNor sonething |ike

8 that because the Bonneville Power Adm nistration is

9 effectively bal ancing that resource.

10 | would say this, that there is additional

11 val ue that could be generated. How it would be captured
12 typically is through third-party agreenents with the

13 utilities as opposed to, you know -- because, you know,
14 It could provide sonme formof frequency regulation or it
15 could provide a capacity benefit, right, because firmng
16 up that wind enhances its capacity.

17 So there are -- there are a nunber of values
18 that could be generated. How you capture those val ues
19 froma regul atory perspective, | nean, enabling the

20 utilities to work with this third party to nonetize it, |
21 guess, and build it into their rates | suppose would be
22 the way you do it.

23 MR. McDOWELL: Well, and you hit on part of

24 that fornula --
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1 MR. BALDUCCI: Yeabh.
2 MR. McDOWELL: -- earlier when you were talking

3 about the intermttency and what role storage can play --

4 MR. BALDUCCI : Yeabh.

5 MR McDOWELL: -- in mtigating that, and

6 that's real here in North Carolina as well in terns of --
7 MR, BALDUCCI: Right.

8 MR. McDOWELL: -- recognizing that.

9 MR, BALDUCCI: But no one is penalized for

10 maki ng the situation worse?
11 MR. McDOWELL: In the avoided cost for the
12 standard contracts, yes, there is a -- you could call it

13 penalty or an opportunity there that --

14 MR, BALDUCCI: | see.
15 MR. McDOWELL: -- storage could play in.
16 MR, BALDUCCI: Unh-huh. So could the Uility

17 Commi ssion work with the utilities to allow themto
18 structure those avoided cost agreenents differently to
19 t ake advantage of those other value streans nore

20 ext ensi vel y?

21 MR McDOWELL: | think that’'s part of the
22 f or mul a.

23 MR. BALDUCCI: Yeabh.

24 COMM SSI ONER CLODFELTER: | think that's really
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1 what the gist of the question was |ooking for, is where
2 do we enter -- where do we enter this to try to sort of

3 tinker? Do we enter it at the regulatory policy stage?
4 Do we enter it at the contractual stage, which is really
5 all we’ve got because we don’t have markets?

6 MR. BALDUCCI: Right.

7 COMWM SSI ONER CLODFELTER:  So all we've got is
8 the contract negotiation instead of the market. O is it
9 sonet hing that requires technological retrofitting? O

10 does it require all of those?

11 MR, BALDUCCI: Yeah. | nean, | guess, you

12 know, I'’mnot a regulatory expert. Those were the | ast
13 two people that were here. But, | nean, it’s generally
14 -- ny conclusion is that there is nore value that could

15 be generated, but froma regul atory perspective you have
16 to enable the contracts to capture those values. So if
17 you can do that, it seens |like that would be the way to
18  go.

19 MR. McDOWELL: So Patrick, obviously, there’'s
20 sone robust nodeling tools avail able --

21 MR. BALDUCCI: Yeabh.

22 MR McDOWELL: -- to you that have evol ved over
23 time and are utilized to do these assessnents that you’ ve

24 hi ghl i ghted here, whether it's at Portland General or
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sonme of these others.

MR, BALDUCCI: That’'s right.

MR, McDOWELL: Part of what’'s advanced, you
nmenti oned operational know edge --

MR, BALDUCCI: Unh-huh. That's right.

MR McDOWELL: -- as contributing to that. |
read with interest on slide 27 the key | esson there, |
think, is of interest, devel opnment of control strategies
Is required to obtain value in real tinme.

MR, BALDUCCI: That’'s right.

MR. McDOWELL: We should not conpete in
devel oping real -tinme control systens; rather, we should
propel the industry forward through devel opnent of
advanced algorithns and this optim zation perfornmance
enhancenent tool. Is that your tool or is that just a
general --

MR. BALDUCCI: That’s our tool, yes --

MR, McDOWELL: Ckay.

MR BALDUCCI: -- that we devel oped under Dr.
Gyuk’ s program

MR McDOWNELL: So a lot of these algorithnms you
have in place, you want to advance those and continue to
utilize those both in these specific projects that you're

contracted to. |Is that know edge transferable to all of
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the states in terns of what the nodels can produce or do
you have to go through your own pilot prograns to
understand this to devel op nodel s of what --

MR, BALDUCCI: Yeah. So, you know, all the
work we do is publicly available. W'’'re a nationa
| aboratory. W have to nmake it publicly available. W
can’t withhold the -- after all, the taxpayers paid for
It. Some of our tools are readily available in the
public space, and you can signh an agreenent, you know,
just a |l egal agreenent, it doesn’t cost anything, but --
and utilize them those it’s challenging, of course.

You know, all these projects were -- al nost al
of these projects were funded through public entities,
either the Departnent of Energy or through states, so
there’s interaction that way.

And then finally, you know, we do have, you
know, regqulatory funding as well to support, you know,
states quite directly. So Jereny Twitchell was here
previously. He |leads that space. So through that
programif you wanted to access our capabilities and, you
know, we cone back, we share nore information, we share
the algorithns, we work with you, that can be done. And
| think that there’s probably funding available to do

that sort of thing. | nean, that’s what we're here for,
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|

really, is to inprove conditions throughout the country,
2 | evel the analytical playing field, you know, denystify
3 how t hese systens operate and hel p, you know, nore

4  w despread devel opnment to nore efficiency on the grid, so

5 yeah, we -- I'’mconfident we could help.
6 CHAIR M TCHELL: One question for you. You
7 nmentioned in this -- I'mlooking at your -- | guess it’'s

8 page -- slide nunmber 7, but you nentioned for every 6 MV
9 of renewables requiring at this point in time 1 MV of

10  bal ancing. How developed is that ratio? Can you tell us
11  just a bit about --

12 MR BALDUCCI: It was -- it was a single study
13 that we did --

14 CHAIR M TCHELL: Ckay.

15 MR, BALDUCCI: -- about six years ago,

16 actually. And what we did was we nodel ed a 20 percent

17 nati onw de renewabl e portfolio standard. So the idea was
18 what if we had 20 percent renewable portfolio standard?
19 Then we scanned the country. Were would you put, you

20 know, w nd and solar to take naxi num advantage of the

21 wnd speeds and the irradiation and all of those things.
22 And then if you place that in those grids -- and we had,
23  you know, WEC w de, Eastern Interconnect w de, and ERCOT

24  wi de production cost nodels, you know, what woul d you
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have to do to nmaintain grid conditions at current |evels,
and then we established bal ancing resources required and
t hen eval uated several different bal anci ng resources,
punped- st orage hydro, various battery systens, and
conbustion turbines. And the battery systens then didn’t
fair as well, but then forecast out to 2020 and, if
anyt hi ng, our forecasts were conservative. They
performed quite well. So battery systens are very
efficient doing that.

But that was effectively -- so it was a
nati onw de study that we devel oped based on a nodeli ng
techni que and an assunption of a 20 percent renewabl e
portfolio standard.

CHAIR M TCHELL: Ckay.

MR. BALDUCCI: Yeabh.

CHAIR M TCHELL: Thank you very nuch.

MR. BALDUCCI: Unh-huh. And once again, it was
6 to 1 if you were starting from nothing, but given
existing resources it was nore like 10 to 1 because we
had sone bal anci ng resources that weren’t fully called
upon to provide this balancing, right, so on the margin
we were saying 10 to 1, and that’s nationally, but it was
br oken down by region. You' d have to |ook for the

Sout heast .
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1 CHAIR M TCHELL: Thank you. Any additiona
2 questions from Conmm ssi oners?
3 (No response.)
4 CHAIR M TCHELL: Well, thank you, M. Bal ducci.
5 W appreciate your tinme today.
6 MR, BALDUCCI : Yeah. Thank you very mnuch.
7 CHAIR M TCHELL: GCkay. And with that we w ||

8 be adjourned for today. W wll convene again on

9 Tuesday, January 21st, in this same roomat 1:00 for our

10 next series of presentations. Thank you very nuch.
11 (The proceedi ngs were adjourned.)
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 01                    P R O C E E D I N G S

 02            CHAIR MITCHELL:  All right.  Let’s go ahead and

 03  get started, please.  Good afternoon and welcome.  I’m

 04  Charlotte Mitchell, the Chair of the North Carolina

 05  Utilities Commission, and with me this afternoon are my

 06  colleagues Commissioners ToNola D. Brown-Bland, Lyons

 07  Gray, Daniel G. Clodfelter, Kimberly Duffley, Jeffrey

 08  Hughes, and Floyd McKissick.

 09            This is the third in a series of presentations

 10  pursuant to the Commission’s September 4th Order

 11  Initiating Investigation in Docket Number E-100, Sub 164,

 12  in which the Commission has initiated a series of

 13  educational presentations by experts on energy storage

 14  related topics.

 15            We’re happy to have with us today Dr. Imre Gyuk

 16  and Patrick Balducci.  Dr. Gyuk is the Director of Energy

 17  Storage Research, Office of Electricity, with the

 18  Department of Energy, the United States Department of

 19  Energy.  Mr. Balducci is a Chief Economist for PNNL.

 20            Our speakers will be working from slide decks

 21  that will be displayed on the monitors here in our

 22  hearing room, and the slides have also been posted on the

 23  Commission’s website in Docket Number E-100, Sub 164.

 24            Our court reporter, as she has done in the
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 01  past, is creating a transcript that will be filed in the

 02  docket and available on the Commission’s website.  These

 03  sessions are structured for the benefit of the

 04  Commission’s learning and understanding, and the speakers

 05  will be asked to share their expertise and answer the

 06  Commissioner’s questions as they arise.  People in the

 07  audience won’t have the opportunity to ask questions;

 08  however, if you want to file information in this docket

 09  in response to what you hear today or if you would like

 10  to suggest additional speakers who could appear before

 11  the Commission, please do so.

 12            Okay.  If it’s okay with our presenters, we’d

 13  like to ask questions as we proceed, and I will ask Dr.

 14  Gyuk to proceed to the chair.  I will turn it over to

 15  you.  Thank you for being here today.

 16            DR. GYUK:  Distinguished Commissioners, it’s a

 17  pleasure to be here in North Carolina, a state that

 18  frequently I only come to in the summer in the Outer

 19  Banks, but I am well aware that there are many other

 20  things North Carolina has to offer, and some of them

 21  right here.  The Research Triangle, distinguished science

 22  going on.  I used to work with NIH at one time and have

 23  pleasant memories of being here in Raleigh.

 24            So today I’m going to talk about grid scale
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 01  energy storage, particularly for resilience, stability,

 02  and, well, a greener grid.

 03            I direct the Energy Storage Research Program at

 04  the Department of Energy, the Office of Electricity, and

 05  I’ve done so, well, for the last 20 years.  In fact, we

 06  started this energy storage thing when basically nobody

 07  else was thinking about it.  You’d mention it to

 08  utilities and their eyes would glaze over and say, well,

 09  storage, why would we want to do that, except, of course,

 10  for utilities that pumped hydro because those know the

 11  importance of storing energy.  So energy storage -- the

 12  Energy Storage Program, and I’m going to talk from the

 13  program, although I’m going to look nationwide as well.

 14            In our office we do a broad range of research

 15  and development, deployment, and analysis.  And the

 16  reason for that is because, well, when we started, there

 17  was nothing else there, so we had to do the entire

 18  spectrum and it’s all integrated together.

 19            We start with materials, we go to devices, on

 20  to systems, analysis, standards, policy, finance, safety,

 21  and various other things.  We team with Sandia, Pacific

 22  Northwest Laboratory, Oakridge, and also with Argon and

 23  Los Alamos National Laboratory, and we work with

 24  industry, states, and utilities.
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 01            We’re pretty good at what we are doing.  Among

 02  other things, we have 10 R&D 100 Awards, which are sort

 03  of the Oscars of the technology world, and recently we

 04  have gotten two EPA Green Chemistry Awards.

 05            Next one, please.  The way the program and, if

 06  you wish, the entire field of storage is organized, it

 07  starts with materials, and we specifically are interested

 08  in sodium-based materials, aqueous soluble organics, and

 09  zinc technologies.  Now, you don’t see lithium there

 10  because lithium is pretty much an established sort of

 11  technology, so there’s not much point in doing research

 12  except when it comes to recycling and various -- and

 13  safety.  Okay.  Then we also do power electronics,

 14  safety.  Reliability is very important because not all

 15  devices are as reliable as you might wish them to be.

 16  And then we are very much interested in providing state

 17  regulatory support, dealing both with state regulatory

 18  agencies and public utility commissions.  Use case

 19  evaluation, this is the thing -- this is a new

 20  technology, a new science, if you wish, and we really

 21  have to still find out what it’s good for.  Okay.  And

 22  increasingly we know what it’s good for, but it started

 23  simply with a conviction that something like this ought

 24  to be done and ought to work.  And so we’re developing
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 01  more and more use cases, and we’re evaluating them and

 02  making sure that they really provide value.  Performance

 03  protocol, and then above all, safety.

 04            So when you design a business case, there are

 05  two things you have to keep in mind, the cost and the

 06  value.  And it’s very important to realize that these are

 07  not the same thing.  Okay.  Cost and value, eventually,

 08  hopefully they will meet in the middle so that, you know,

 09  you have value for cost.  But at the beginning there is a

 10  lot of incentives, you know, money put into the thing

 11  simply to find out what -- whether we can make it work.

 12  But I, in my program, am always looking for getting a

 13  business case that pays out, monetary -- it’s got to

 14  balance monetarily.

 15            So the cost.  The cost has three main

 16  components.  The first one, of course, is the energy

 17  storage device itself, the battery, if you wish, but

 18  there are other devices as well that could do it.  But

 19  interestingly enough, that’s only about 40, 50 percent,

 20  sometimes as little as 25 percent.  Okay.  So the battery

 21  is essential, but it’s not the be all and end all,

 22  because then you have to take -- think of the power

 23  electronics.  The power electronics and the control

 24  system is what makes this thing perform properly.
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 01            And then there is the balance of plant, the

 02  facility, which is at least 20 to 25 percent.  And you

 03  have to think of this, you’ve got your batteries.  You

 04  have to put the batteries into a pack.  Then you have to

 05  put the packs into a rack.  Okay.  The racks will go into

 06  a building.  Now you have to have air conditioning,

 07  particularly with something like lithium which will warm

 08  up too much.  You have to have fire suppression

 09  equipment.  You then have to put your building on a pad,

 10  on a place for which you have to pay rent, essentially.

 11  And then come the building inspectors, the lawyers, the

 12  cost of money, the insurance, the reinsurance.  So all of

 13  that together -- the commissioning -- all of that

 14  together is a lot of money, and the cost of that is not

 15  going down as fast as the cost of the batteries.

 16            Okay.  Let’s look at the value.  The value will

 17  generally depend on multiple benefits.  Okay.  You can’t

 18  do storage on one benefit alone, in general.  You’ve got

 19  to take a number of benefits into account.  And some of

 20  those are monetized or easily monetized and some of them

 21  are unmonetized.  Monetized ones, for example, are

 22  arbitrage, you know, buy low, sell high, essentially;

 23  frequency regulation, which is one that we worked -- that

 24  my group worked out in the very beginning; demand
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 01  charges, which can come by the month or by the year.

 02  Now, in a vertically integrated utility you don’t have

 03  these market values, but you have the equivalent.  I

 04  mean, the values are still there; you just don’t have

 05  them written down as a standard thing.  And then come the

 06  unmonetized ones like resiliency.  Very difficult to work

 07  with and -- but very important.  So how do you build

 08  business cases on resiliency, sustainability, and grid

 09  stability?  These are the main things that you’re looking

 10  for.

 11            Values such as resiliency, military energy

 12  assurance, emergency preparedness, these are all very

 13  difficult to monetize, but often these are the primary

 14  reason why you want to put a project into place because

 15  you want to have reserves, okay, or because you want to

 16  be safe when the -- to make sure the lights don’t go out.

 17  It's very difficult to monetize.

 18            We know that microgrids, together with

 19  renewables and storage, provide good solutions for

 20  resiliency and military energy assurance, et cetera, but

 21  they don’t provide the monetary justification.  If we do

 22  a business case like this, it has to be -- has to rest on

 23  the monetizable part of the situation.  There’s usually

 24  one part that you can monetize, and that’s the one that
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 01  you have to rest on, and then the others are sort of side

 02  benefits.

 03            One way, of course, to deal with unmonetized

 04  one is to monetize them by mandating them.  Okay.  If you

 05  say you shall do this, then that automatically provides a

 06  value.

 07            So I’m going to give a few examples, all of

 08  them different, of how these values can be established; a

 09  very nice example, Sterling, Massachusetts.  Now, that’s

 10  within ISO New England, so nice market values, et cetera.

 11  What happened there is the Massachusetts Department of

 12  Energy Resources gave out grants to 11 cities of about a

 13  million, million and a half dollars for resilience.  And

 14  then all of these cities said, well, yeah, what do we do

 15  now, okay, because the expertise to deal with this is

 16  simply not there in small towns in general.

 17            So what we did at the Department of Energy, we

 18  sort of adopted one of these towns that seemed to be

 19  particularly promising, and we saw them through the whole

 20  process.  Okay.  And the first thing we did is we said,

 21  okay, you would like to put storage into your police

 22  department.  That’s very good.  It’s a dispatch police

 23  department.  It can serve the community.  You’ll know

 24  what’s what and, you know, they can -- they can do this.
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 01  But wouldn’t you like to make money on this?  And, well,

 02  the answer, of course, is always yes.

 03            And so what we did is we brought the situation

 04  to Sandia National Laboratory.  We took all the data.  We

 05  put it on the big computers and built a model, and we

 06  showed them that by utilizing the monthly and yearly

 07  demand charges, as well as arbitrage and optionally

 08  frequency regulation, they could make the system not only

 09  pay for itself, but do it in six and a half years which

 10  is pretty neat.  So the thing goes from being a

 11  government sinecure to being something that actually pays

 12  for itself.

 13            So I’m showing here what the prediction was,

 14  and it turns out that the yearly peaks are the biggest

 15  thing.  The way it works is that during peaking

 16  situations, the storage kicks in and brings the peak

 17  down.  In the first year the actual recorded savings were

 18  11 million for arbitrage, 143 million for -- sorry --

 19  $11,000 for arbitrage, $143,000 for monthly peaks,

 20  240,000 for the annual peak, for a total of about

 21  $400,000, which is exactly what we had predicted.

 22            And since then, if you look at the -- at the

 23  graph, this is ongoing.  I mean, you profit every time.

 24  By April 2019, two and a half years into the project, we
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 01  had produced $1 million in avoided cost.  Since then the

 02  place has become rather famous, and delegations from

 03  Germany, Switzerland, Denmark, Sweden, England, Ireland,

 04  Australia, blah, blah, blah, blah, and Thailand have

 05  visited there to see how you can do storage and do it the

 06  right way and make it pay for itself.  Next.

 07            Another project that we did, completely

 08  different situation, is a small town, Cordova, in Alaska.

 09  This is isolated -- in order to do -- they are based on

 10  hydro, which is a good thing, because they have plenty of

 11  hydro.  However, the hydro -- run of river hydro is very

 12  difficult to control and they have -- when they have too

 13  much hydro, they can just spill the water, that’s okay,

 14  but when they have too little, then they have to kick in

 15  diesel, and diesel is very expensive.  So at the moment,

 16  the generating capacity is 6 MW plus 1.25 MW of hydro and

 17  twice a megawatt of diesel.  And half a megawatt is

 18  always deflected as spinning reserve.

 19            This is expensive because the hydro is very

 20  inexpensive at 6 cents a kW and the diesel is 60 cents a

 21  kW.  So you want to change from diesel to hydro, and we

 22  did that by installing a megawatt of storage.  It works

 23  well.  It does exactly what it is supposed to do.  And we

 24  are now exploring to see whether we can find other uses

�0012

 01  to make it even more so.  We have the ribbon cutting

 02  here, the unit here, and the commissioning was just

 03  recently, June 7th, 2019.

 04            One other nice thing is you can put up a

 05  megawatt of storage very quickly.  If you know what

 06  you’re doing, you can -- after the study has been done,

 07  you can put up a megawatt of storage in three months.

 08  That’s what we did in Sterling, unlike a power plant

 09  which takes considerably more, if you take into account

 10  the siting and, well, the building as well and so on.

 11            Then there’s an example in Nantucket, and the

 12  situation they had there is they had two cables that

 13  serve Nantucket Island.  Well, what with a lot of

 14  tourists, the two cables are beginning to be not enough

 15  for peak situations when the tourists are using up --

 16  using up all the electricity.  So it was contemplated to

 17  do a third underwater cable.  Very expensive.  Okay.

 18  Instead, a storage solution was proposed, and Pacific

 19  Northwest Laboratory, Patrick Balducci and his group, did

 20  the analysis, and it turned out that the storage is much

 21  more cost effective than putting in a cable.  And that is

 22  just going with basic cost.  Okay.  I have the data

 23  there.  Patrick may talk more about this.

 24            But worked very well, and this is a big one,
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 01  the deferral value amounts to about $110 million, plus

 02  $36 million in operational benefits, with 6 MW of eight-

 03  hour storage installed.

 04            Again, the ribbon cutting, you may see me over

 05  there instructing them on how to cut the ribbon which

 06  turned out to be very difficult because it was a plastic

 07  ribbon, and using those big scissors was very difficult

 08  to cut, but we managed.  Okay.

 09            PNNL worked out the financial benefits,

 10  technical impact, and the control strategies.  Now, they

 11  did not yet do a lot of other benefits which are hiding

 12  in there and which we will look to in the future.  This

 13  was a system, by the way, with Tesla.  And it has a very

 14  good return on investment of about 1.55 -- well,

 15  investment.  Ribbon cutting in October.

 16            Okay.  We have a lot of other projects, and the

 17  point is to have a different business case for each of

 18  these projects.  We work with the Albuquerque Public

 19  School System.  If one of those works well -- it’s one of

 20  the biggest school systems in the country.  If we manage

 21  to do well on one, we get all 140 campuses.  And they are

 22  -- they are very interesting.  They have a control room

 23  where they keep track of all of their water, gas, and

 24  electricity.  And if they have a little bit more than
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 01  customary water out of one of the schools, they call the

 02  school up and say, hey, one of your toilets is flushing

 03  too much.  Anyway.

 04            We have a project with Picuris Pueblo.  This is

 05  interesting.  We work with a number of Indian tribes, and

 06  the goal there is energy independence because they have

 07  realized that they have to rely on their own -- on their

 08  own framework if they want to be -- have a certain

 09  measure of independence, they have to be energy

 10  independent as well as independent otherwise.

 11            By the way, I forgot to mention, obviously, the

 12  Nantucket example might have very nice applications in

 13  places like Ocracoke and the Outer Banks.

 14            We have three projects involved in rural co-ops

 15  and military reservations, again, military assurance,

 16  very important.  Another Alaska project.  And we are

 17  taking on a really big one, three -- five towns in Puerto

 18  Rico that have formed the consortium for a Central

 19  Mountain microgrid powered by 250 MW of solar and hydro,

 20  with 75 MW of storage backup.  If that works, then that

 21  entire mountain district is going to be electrically

 22  independent and, well, as you may know, we had not only

 23  the hurricanes, but recently there have been earthquakes

 24  and whatnot.  And the electricity system is always one of
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 01  the first ones to go.  So if you want to be secure, you

 02  need to do something along that line.

 03            But what I’m really after is not just little

 04  projects, but to do this nationwide, and what is emerging

 05  is a number of storage ecologies, states that are paying

 06  attention that are adopting storage, developing the art

 07  of applying storage further from where it is.  And

 08  generally what you’ll need to do this, you need some

 09  congressional and state support, you need a regulatory

 10  structure that is friendly to storage.  It helps to have

 11  a national laboratory, universities, perhaps, that will

 12  champion this, utilities that are in the forefront of

 13  innovation, and real projects, as an example, in the

 14  state.

 15            So among the areas that are developing as such

 16  storage ecologies, California, with its mandate, with

 17  California Energy Commission, and industry.  I’m not

 18  personally necessarily in favor -- in favor of a mandate,

 19  but for California it worked because it really

 20  kickstarted this whole business.  New York, who have BEST

 21  and NYSERDA, and places like City College New York to

 22  develop new technologies.  The Northwest, Washington,

 23  Oregon, Alaska.  They have Pacific Northwest Laboratory

 24  to help them with both technology and policy.  Forward-
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 01  looking organizations like the Washington Clean Energy

 02  Fund, the public utility commissions that have had --

 03  where we have had input just like we have here now, and

 04  the members in the Senate who are looking at storage very

 05  seriously.  New Mexico is coming up.  New Mexico was

 06  thinking of establishing goals, but they decided that

 07  they didn’t have enough storage yet, and it would be

 08  silly to establish goals when you haven’t got any good

 09  examples yet, but we do have congressional support and we

 10  are beginning to have projects there.  And you’ve just

 11  heard about Massachusetts, which works, too.

 12            Now, some of the states have very big plans.

 13  California wants to do a hundred -- a million, three

 14  hundred MW by 2020 and another 800 MW on top.  2020 is

 15  already upon us.  Okay.

 16            Massachusetts, little bit disappointing because

 17  they are -- the study they did asked for 1,000 MW.  Well,

 18  they finally voted for 200 MW by 2020, but maybe it’s

 19  better to be conservative.  Who knows?  But they have

 20  recently upped this to 1,000 Mwh which isn’t all that

 21  much because 200 MW for four hours would be about 800 MW,

 22  so it’s a relatively small increase.

 23            New Jersey, a very big goal, 600 MW by 2021 and

 24  2 GW by 2030, eventually.  New York, 3 GW by 2030, also.
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 01            Arizona is an interesting case.  They have

 02  suggested 3 GW by 2030 proposed.  Arizona Public Service

 03  came up with plans for 850 MW and then they had a fire,

 04  and so everything is up in the air now.  We have a group

 05  at Sandia National Laboratory that is helping them look

 06  into that.  It’s very difficult because they are at least

 07  -- well, it’s full of lawyers nowadays, and it’s very

 08  difficult to get real information out of it because, you

 09  know, each party in the picture is trying to make sure

 10  that they didn’t do anything wrong, but, you know, lives

 11  have been lost there or at least jeopardized.  It's a

 12  very bad situation.  But I trust that eventually they

 13  will work it out and Arizona will have goals as well.

 14            Little Maine has 300 MW planned by 2025.

 15  Nevada does not have any official plans, but they are

 16  setting up 380 MW of four-hour storage at a solar farm on

 17  federal land.  Okay.  Solar farm on federal land is sort

 18  of everybody wins a bit because, well --

 19            So DOE is happy to provide technical

 20  assistance, and those states that are interested we have

 21  been visiting.  We’ve held a Southeast Symposium with

 22  states from Alabama up into Virginia.  We’ve done half-

 23  day workshop with New Mexico.  That usually involves

 24  Sandia National Laboratory and PNNL.  Michigan, we’ve
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 01  done a one-day workshop.  Arizona Public Service, we’ve

 02  worked with the IRP workgroup to establish best

 03  practices.  CEC we work with regularly.  We have worked

 04  with the Energy Storage Commission in Maine.

 05            Next week we are at the Nevada PUC on a one-day

 06  workshop on policy and valuation, modeling,

 07  interconnection, commissioning, safety, et cetera.  And

 08  we are planning a New England conference of PUCs for the

 09  New England states.

 10            Overall, we can say that energy storage has

 11  become a resounding success, with big plans all over the

 12  place.  I’m not going to quarrel about the exact figures.

 13  They change all the time, and they change depending on

 14  whom you ask, but -- well, everybody has this exponential

 15  sort of curve.  Next.

 16            But there are also issues.  As you will know,

 17  the lithium ion is the incumbent technology.  Most of the

 18  applications are lithium ion, and lithium ion has

 19  problems.  There are ecological and sociological issues.

 20  The cobalt in most of your lithium storage is scraped by

 21  little boys in the Congo.  Not a very desirable thing for

 22  a world technology.  You know, that’s got to stop.  And,

 23  of course, if that stops, prices will go up, you know.

 24            The other ecological problem is that it uses a
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 01  huge amount of water and depletes the groundwater in

 02  areas where it’s being used to the point where -- well,

 03  of course, mostly it’s a desert, but it’s water that

 04  local people rely on, and the groundwater is just going

 05  down now.

 06            Serious issue, safety and reliability.  The

 07  thing -- well, chemical storage is almost by definition

 08  unstable.  Okay.  It’s just a matter of degrees.  Some

 09  are more unstable.  Some are less unstable.  Lithium is

 10  quite unstable.  Okay.  You’ve got to be very careful

 11  that you don’t have a thermal runaway and fires can be

 12  spectacular.

 13            Serious problem is the lack of recycling.  You

 14  really can’t recycle lithium very well.  Once you have

 15  used it, most of it goes on the trash heap.

 16            So there are pros and cons for lithium ion.

 17  The pro is it's low cost and it’s market ready, and it's

 18  the dominant technology and it’s familiar.  We know how

 19  to work with this.  We know how much it should cost.

 20  There are companies that are well known that will be here

 21  five years from now and, if necessary, can pay -- can be

 22  responsible.

 23            Contrary, the cons, cycle life is considerably

 24  less than 20 years; more like 10 years or even eight
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 01  years in bad climates.  It shows capacity fades.  In

 02  other words, the capacity of the battery goes down, down,

 03  down before it abruptly fails.

 04            Safety issues, well, I mentioned them.  There

 05  have been 15 MW -- 15 MW scale fires in Korea during 2017

 06  which is where a lot of the material is produced.

 07  Arizona had a big one in 2018.  There have been 225

 08  aviation incidents with lithium ion.  So I don’t want to

 09  scare you, but it’s there and it’s to be considered, so

 10  in any mandates you consider or any goals you consider,

 11  you have to build in safety features as well.

 12            And there is no real U.S. manufacturing.  Yeah,

 13  Tesla has a plant, but it’s really a Panasonic plant.

 14  You know, it’s not really U.S. manufacturing.

 15            And as I mentioned, no recycling.  Recently,

 16  Argon has taken on a serious study of recycling and, you

 17  know, we have worked a little bit with reuse.

 18  Particularly, electric vehicle batteries, when they are

 19  down to about 80 percent and have to be retired from

 20  automobiles, they could be used for, for example, low

 21  income housing, for supporting solar, but there -- there

 22  are a lot of issues in there.  You can take them apart.

 23  Finally, you can melt them down.  But when you do that,

 24  the only thing that you can really pull out of it cost
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 01  effectively is the cobalt which we would like to get out

 02  of batteries in the first place.  So hopefully five years

 03  from now we will have cobalt-free batteries that do not

 04  rely on this rare commodity which is being mined in

 05  sociologically unacceptable ways.  So it’s being

 06  considered, but it’s far from resolved.

 07            So we do a lot of materials research trying to

 08  develop new technologies and looking into safety,

 09  reliability, and recycling.

 10            One thing that I want to call to your attention

 11  is flow batteries.  Flow batteries are quite different

 12  from lithium-ion batteries.  Basically, you’ve got two

 13  big tanks with the chemical and the chemical pumps, and

 14  when it meets in the electric chemical cell in the

 15  middle, it generates electricity.  And you can run the

 16  whole thing backwards and put electricity into it and

 17  charge up the tanks.  And if you do this right, first of

 18  all, you can build it as -- you can build it much bigger

 19  and you don’t have the degeneration that you have with

 20  lithium.  So it’s something that a lot of studies have

 21  going on.  It’s really analogous to a car, where the

 22  power comes from the engine and the energy is in the gas

 23  tank.  A number of them are commercially available, but

 24  not nearly in the scale that lithium ion is available.
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 01            And, of course, what we are looking at in flow

 02  batteries as well as in other technologies that are being

 03  concern -- concerned are earth-abundant materials, things

 04  like sodium, vanadium even, manganese, magnesium, carbon.

 05  These are the ones that we are looking towards that are

 06  literally dirt cheap and where it depends on our

 07  ingenuity to -- rather than the commodities market.

 08            The cost goals for these technologies that DOE

 09  is working with are somewhat lower than lithium-ion

 10  batteries.  Lithium-ion batteries, at least the cells,

 11  we’re probably not going below $100 per kWh because they

 12  have been very well searched -- searched out, and when

 13  you -- considering the system, we may have to be -- we

 14  may have to be spending more for things like fire

 15  prevention equipment, larger boundaries to keep them

 16  safe, air conditioning that’s more carefully worked out.

 17  These things -- higher insurance.  These things may be

 18  driving lithium prices up.  So -- but for the cells

 19  alone, let’s say a hundred.

 20            Vanadium flow batteries, we have driven them

 21  down to 300.  Technologies which we are now working at,

 22  zinc manganese we might go down as low as $50 per kWh,

 23  low temperature sodium and sodium-ion based batteries $60

 24  per kWh, and very tantalizing, aqueous soluble organics
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 01  rather than metals use organic substances, maybe 125.

 02  But if we do this, we will be independent of any imports

 03  from elsewhere.  In fact, all of these things are -- the

 04  resources are abundantly available in the U.S.

 05            And we have to keep an eye out for advanced

 06  lead.  There hasn’t been much movement research wise in

 07  advanced lead batteries, but we believe there are

 08  considerable advances to be made as yet, and we may be

 09  able to make it lower than anything else, like $35 per

 10  kWh.  And lead acid batteries are fully recyclable to 98

 11  percent or so, which is outrageously good.  And they have

 12  a complete industry that recycles these batteries, which

 13  is more than any of the other technologies can say.

 14            On the horizon we have non-lithium

 15  technologies, better lithium like Innolith.  We’ve got

 16  vanadium redox, zinc-bromine, zinc-manganese, iron-

 17  chlorine.  DOE has worked with all of them.  We have done

 18  research in all of them.  All of them were promising

 19  ones.  You know, they are promising, but that’s all I can

 20  say about them.  And some of them are commercially

 21  available.

 22            Non-battery technologies are being considered.

 23  Pumped hydro, after all, is a non-battery technology and

 24  it works very well.  Things like taking cement blocks and
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 01  a crane and stacking to make cement blocks on top of each

 02  other, you know, you build up potential energy.  When you

 03  need it, you run the crane backwards by putting the

 04  cement blocks on the ground.  Could work, you know.  They

 05  are trying it in -- trying it out in Sweden.  Compressed

 06  air energy storage where you put large amounts of air

 07  into the ground into a cavern such as abandoned gas wells

 08  or oil wells.  Thermal systems, including ice, phase

 09  change materials, what have you.

 10            Vehicle to grid is a possibility.  Dominion

 11  Energy, which has a small corner of North Carolina, is

 12  experimenting with a fleet of buses.  They’re going to

 13  replace the entire school bus fleet in Virginia by

 14  electric buses, and they’re going to use the batteries in

 15  the electric buses as backup for their system.  Okay.  I

 16  hope to work with them and see how that use case works

 17  out.

 18            Lots of interest in long-duration, long-term

 19  storage; people looking at eight hours, 12 hours, and

 20  even days.  If you have a lot of solar, you may want

 21  that.  Difficult to make a business case here.  Will

 22  probably need a mandate to make that work.

 23            Hydrogen, ammonia, these things can store

 24  energy, too.
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 01            So we are winding up.  Some resources for you.

 02  We are working with the Energy Storage Technology Advance

 03  Partnership which has many of the states under its --

 04  under its -- in its group.  And we are doing regular

 05  webinars in order with the Clean Energy Storage

 06  Association.  These are available for free to anybody who

 07  wants to learn more about the storage.  Generally, when

 08  we do something new or when a new project comes online,

 09  we throw in a webinar and explain it and have the experts

 10  in the field explain it.  They are -- they are archived.

 11  You can look them up on the internet.  They are available

 12  at all times.

 13            DOE has established and maintains an

 14  international energy storage database which has some

 15  2,000 energy storage projects archived there from more

 16  than 60 countries.  It’s a good resource to look at

 17  projects that have actually been built and where they

 18  are.  Again, it’s free and available on the internet.

 19            Recently, we have started an energy storage

 20  policy database where all the states that have policy

 21  activities are -- they’re all contained in there.  And,

 22  again, it’s free and it’s clickable.  You just click on

 23  the state and say what you want to look at.  And the

 24  original documents are all in there so you can -- you can
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 01  access whatever you need.

 02            So with new technologies, I expect cost to go

 03  down, and hopefully safety and reliability will increase.

 04  With every successful project, the value proposition will

 05  continue to be better understood and will increase and,

 06  among other things, more jobs here in the U.S. will be

 07  created.

 08            Thank you.  I appreciate your listening and

 09  your interest in the field, and if you have questions, we

 10  will be happy to try and answer them.

 11            CHAIR MITCHELL:  Questions from Commissioners?

 12  Commissioner Hughes.

 13            COMMISSIONER HUGHES:  The various costs that

 14  you presented, do they include disposal costs, and could

 15  you talk a little --

 16            DR. GYUK:  In -- generally, no.  What you

 17  usually hear about is -- well, first of all, when you see

 18  that wonderful curve of lithium getting cheaper and

 19  cheaper, that’s cells only.  Okay.  It doesn’t have the

 20  balance of plant and it doesn’t have the power of

 21  electronics in it.  Okay.  And those are not going down

 22  so fast.

 23            Disposal almost uniformly is not included.

 24  Okay.  I’m not aware that any company will -- now, they
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 01  will tell you that, oh, it’ll be worked on.  I mean, I

 02  don’t want to badmouth any company.  If you find one that

 03  gives you a contract and a number, wonderful for them.

 04  And I hope in future they will do that routinely.

 05            COMMISSIONER DUFFLEY:  So about a year ago I

 06  went to an Energy Storage Association meeting, and

 07  Lockheed Martin mentioned that they had obtained some

 08  patents and were working on a flow battery that contained

 09  more environmentally friendly constituents.  I didn’t

 10  hear you mention that, and I was just wondering if you

 11  had a status on that.

 12            DR. GYUK:  I believe the Lockheed Martin one --

 13  Lockheed Martin was the company that was running Sandia

 14  National Laboratory, so I think it goes back to my

 15  project or my group’s project, vanadium redox battery,

 16  which we have -- which we have worked on for almost six

 17  years and which is now in a virtually commercial

 18  position.

 19            COMMISSIONER DUFFLEY:  So it’s almost ready to

 20  go to market; is that what you’re saying?

 21            DR. GYUK:  Well, let’s put it that way.  It

 22  already went to market, and then they found some

 23  glitches, so it’s now being reengineered.  And this is

 24  true for a lot of different batteries.  Okay.  I mean, it
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 01  took lithium ion a long time to get to the market, you

 02  know.  And it’s nice to get a Nobel Prize for it, but

 03  that doesn’t mean it’s perfect.

 04            CHAIR MITCHELL:  I think I understood you to

 05  say that at this point the resilience benefits associated

 06  with energy storage are really unmonetized, but they

 07  don’t appear to be unquantifiable, at least in the

 08  presentation or in the analysis or examples you’ve walked

 09  us through.  Is that the case?  I mean, if you all are

 10  quantifying resilience benefits, could you help us

 11  understand how?

 12            DR. GYUK:  We try our best.

 13            CHAIR MITCHELL:  Okay.

 14            DR. GYUK:  Okay.  You know, one way to do it

 15  would be to say, well, you know, if you ask an insurance

 16  company to guarantee that the lights won’t go out, you

 17  know, how much -- how much insurance would you have to

 18  pay?  And can you put in a storage unit for the same

 19  amount?  And if the answer is yes, then you have

 20  successfully monetized it.

 21            But the point is, you know, if you’re talking

 22  about, I don’t know, coastal flooding or something like

 23  that, you know, if the disaster occurs, it’s a lot, but

 24  everybody is figuring, well, it’s not going to hit us yet
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 01  or I won’t be hit or whatever it is.  That’s why it’s so

 02  difficult because there’s a lot of probability worth into

 03  the -- into resilience.

 04            CHAIR MITCHELL:  Okay.  Thank you.  You also

 05  mentioned in your presentation discussing sort of the

 06  building blocks that are critical for successful

 07  deployment of energy storage.  And one of them you -- one

 08  of them was regulatory -- I’m going to find your exact

 09  words -- hang on one second --

 10            DR. GYUK:  A benign regulatory environment.

 11            CHAIR MITCHELL:  Right.  You said something to

 12  that effect, but what do you mean by -- how do you define

 13  that?  What do you mean by it?

 14            DR. GYUK:  well, that’s basically working out

 15  tariffs that are not punitive for storage.

 16            CHAIR MITCHELL:  Could you elaborate on that?

 17            DR. GYUK:  I suggest you ask that question to

 18  Patrick again, but the point is there are situations

 19  where -- well, with renewables you know that in general

 20  you get tax credits, you get -- you get all kinds of

 21  things.  With storage you don’t.  Okay.  We had -- one of

 22  our early projects we were -- there was a substation.

 23  The substation needed to be enlarged.  That’s expensive.

 24  Okay.  Because they were customers that were -- that
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 01  needed more electricity than was coming through the

 02  substation.

 03            The trouble is the substation, you basically

 04  have to double it.  You know, you can’t change it

 05  incrementally.  So what we did -- this was -- this was

 06  with AEP -- we suggested putting a megawatt of storage.

 07  A megawatt would have covered the extra requirement for,

 08  let’s say, three to five years and it would have solved

 09  the problem, and then if you need yet more, you could

 10  eventually build up the substation.

 11            Well, we knew that we had benefits from

 12  arbitrage, but we could not count the arbitrage benefits

 13  because they were not allowed -- the market did not allow

 14  them that.  Okay.  They could do the -- they could

 15  recover expenses from deferring the, you know, deferring

 16  the expenses, but not from the arbitrage, so direct

 17  payment was not allowed.  That’s because of the PUC

 18  structure.  In other places you can.

 19            CHAIR MITCHELL:  Okay.  Thank you.

 20            DR. GYUK:  You want multiple benefits, but you

 21  want to make sure that all of those benefits can be

 22  charged, or at least as many as you find suitable.

 23            CHAIR MITCHELL:  Okay.  Any additional

 24  questions from Commissioners?
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 01            MS. JONES:  Hi, Doctor.  I’ve got a quick one

 02  for you.  On the Sterling, Massachusetts project, if I

 03  understood correctly, the grant money was so that -- was

 04  to encourage resiliency type projects.

 05            DR. GYUK:  Yes.

 06            MS. JONES:  And the project ended up making

 07  money with arbitrage and with hitting peaks.

 08            DR. GYUK:  Yeah.

 09            MS. JONES:  So if the project is being run to

 10  do that, to do the arbitrage and to clip the peaks off,

 11  how could you know that when the tornado comes through

 12  and you really need it for resilience that the battery is

 13  charged and ready to go, that it hasn’t been depleted?

 14            DR. GYUK:  They usually tell you a day in

 15  advance when the tornado is coming, so you make -- make

 16  sure your battery is full.  You get all the resiliency

 17  benefits.  You don’t lose any.

 18            MS. JONES:  Thank you.

 19            DR. GYUK:  But it’s a very good question

 20  because, you know, you cannot run it blindly.  You have

 21  to pay attention to what’s going on around you.

 22            CHAIR MITCHELL:  Okay.  Any additional

 23  questions from Staff?

 24                      (No response.)
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 01            CHAIR MITCHELL:  Okay.

 02            DR. GYUK:  I might add that Staff or

 03  Commissioners should feel free to get back to us whenever

 04  they please.  It doesn’t have to be done formally; email,

 05  you know.  Our interest is to get storage deployed, and

 06  if we can help with it, we’ll be happy to do that.

 07            CHAIR MITCHELL:  Well, thank you very much.

 08  And thank you again for being here today.  We appreciate

 09  your time.

 10            DR. GYUK:  My pleasure.

 11            CHAIR MITCHELL:  Okay.  Mr. Balducci, you are

 12  up next.

 13            MR. BALDUCCI:  Great.  Good afternoon,

 14  everyone.  Good afternoon, Commissioners.  Thank you for

 15  inviting me to speak here today.  I’m happy to come and

 16  present some information on the fundamentals of energy

 17  storage valuation, some of the work that we’re doing at

 18  Pacific Northwest National Laboratory under the

 19  leadership of Dr. Imre Gyuk who just spoke.

 20            There are roughly 5,000 employees at the

 21  Pacific Northwest National Laboratory out in Oregon and

 22  Washington, 5,000 scientists and engineers and support

 23  staff.  And I lead a team focused on energy storage

 24  analytics at PNNL, and you can see some of their names
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 01  there.  They include physicists and economists and

 02  several different colors and flavors of engineers.  So

 03  it's not just me standing -- sitting here before you, but

 04  an entire team that I represent, including Kendall

 05  Mongird who is turning the slides and is a key

 06  contributor on several of the projects that we’re

 07  undertaking at the moment.

 08            So we are evaluating energy storage systems in

 09  many different forms across the country.  The models and

 10  methods and tools that we are employing were paid for by

 11  the U.S. Department of Energy under Dr. Gyuk’s program,

 12  but we are now bringing in much more funding from many

 13  different organizations.  We've received an enormous

 14  amount of interest from states and utilities.  Just

 15  currently we’re negotiating contracts with five private

 16  utilities, and we’re doing work with utilities across the

 17  United States presently.

 18            We’re evaluating lithium-ion battery systems,

 19  flow battery systems, pumped-storage hydro.  We have

 20  small-scale pumped-storage hydro, 5 MW, 30 Mwh, at five

 21  locations across the United States for Shell Energy North

 22  America and we’re evaluating large scale pumped-storage

 23  hydro systems, too, one in Wyoming and one in Washington

 24  State.  And so you can see collectively that we actually
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 01  have an enormous amount of power and energy capacities

 02  for all the different systems that we’re currently

 03  evaluating.

 04            You can see about 1.6 GW and 18.2 GWh of energy

 05  stored at those sites, though as is typical of energy

 06  storage system, the vast majority of the power and energy

 07  capacity is tied to the two large scale pumped-storage

 08  hydro systems that we’re evaluating currently.

 09            In addition, we’re developing hydrogen

 10  evaluation tools for the U.S. Department of Energy and

 11  the Massachusetts Clean Energy Center, so taking energy

 12  off the grid and transforming it into hydrogen using

 13  electrolyzers power-to-gas systems, and then also having

 14  the capacity to bring it back into the form of electrical

 15  energy through hydrogen fuel cells as well.  And all of

 16  the sort of transportation uses and industrial gas uses

 17  and interactions with the energy markets is built into

 18  those tools as well.

 19            We’re effectively focused on four sort of sub-

 20  thrust areas.  The first one is the economic.  So we’re

 21  defining the value associated with energy storage

 22  services provided by energy storage systems of all shapes

 23  and sizes and chemistries.  And we are -- have built

 24  these methods, models, and tools in a way that’s quite
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 01  flexible, so they can be applied anywhere in the United

 02  States, as Dr. Gyuk correctly mentioned.  Markets are

 03  fairly straightforward.  You have price data, historic

 04  price data and forecast price data you can rely on.  It’s

 05  based on nodes or zones or locational marginal prices.

 06  But even if you’re not operating in a market, some unit

 07  is providing the same service.

 08            So frequency regulation is being provided by a

 09  peaking turbine in many cases, and there’s a marginal

 10  cost associated with that, or you have to purchase more

 11  capacity resources or resources to demonstrate resource

 12  adequacy and there’s a cost associated with that.  So

 13  these avoided costs can also be modeled, and so using

 14  production cost models and relying on Integrated Resource

 15  Plans and working with utilities we can define the value

 16  associated with all of these services even when operating

 17  outside of markets.

 18            In addition to the economics, we’ve done a

 19  great deal of work with respect to performance

 20  characterization.  I’ll get into this in a bit more

 21  later.  And what we found is that while you may hear that

 22  lithium-ion batteries produce 90 and 92 percent roundtrip

 23  efficiencies, when deployed out in the field and

 24  temperature effects are factored in and it’s AC to AC, so
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 01  you figure out the losses associated with the power

 02  conversion systems and you’re engaged in economic

 03  operation, so the duty cycles might not be ideal, then

 04  the roundtrip efficiencies even for lithium ion can begin

 05  to drop into the low 80s and sometimes into the 70s.

 06            The flow battery systems that hold a great deal

 07  of promise in terms of reliability and their number of

 08  cycles, so their ability to survive for long durations

 09  for many years, the round-trip efficiencies are even more

 10  -- there’s more deviation there and they can actually get

 11  down into the 40s in terms of the roundtrip efficiency,

 12  which is to say when you charge and discharge the system,

 13  under some conditions you could lose 60 percent of the

 14  energy in the roundtrip.

 15            So understanding this and then building it into

 16  your economic models is extraordinarily important.  You

 17  don’t want to bid into a market thinking you’re getting

 18  90 percent roundtrip efficiency when, in fact, you’re

 19  getting 70 percent roundtrip efficiency.  And so we’re

 20  building all of these lessons into our economic modeling.

 21            The next area is distribution system

 22  integration.  These energy storage systems don’t isolate

 23  in a vacuum -- they don’t operate isolated in a vacuum,

 24  and so you have to factor in their impacts on the
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 01  distribution system, both positive and negative.  So

 02  there’s improvements in resiliency, which for short

 03  duration outages we do monetize.  There’s also

 04  improvements in terms of hosting capacity for DERs and

 05  photovoltaic and solar units, but there could be cost as

 06  well because if you discharge a system fully, the feeders

 07  may or may not be able to actually accommodate the full

 08  discharge power of the energy storage system, and so all

 09  of this has to be accounted for.

 10            And then the last area is controls.  And so,

 11  you know, all the modeling work that we do and all the

 12  simulations and all the economic assessments are really

 13  planning tools.  I mean, effectively we’re defining what

 14  we expect the values to be.  We simulate their

 15  operations.  We try to make them as realistic as

 16  possible.  We’ve built in uncertainty, imperfect

 17  foresight with respect to prices, but the reality is, is

 18  that in real-time it’s more complicated, and so capturing

 19  those values in real-time requires tools and control

 20  systems and so we help in the development of those as

 21  well.  So we’ve developed a taxonomy of energy storage

 22  values.

 23            And do please feel free to interrupt me at any

 24  time if you have specific questions for each slide.  And
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 01  so, you know, I was speaking with one of the

 02  Commissioners before the hearing, and he raised the

 03  question of distribution level value.  And you’re quite

 04  right, most integrated resource planning processes, of

 05  course, don’t include distribution level values or don’t

 06  accurately capture them through that process, but they

 07  are significant value, and they include benefits like

 08  deferring investments in distribution systems, improving

 09  resiliency, reducing outages, and also improving the

 10  efficiency of the distribution system through Volt-VAR

 11  control or conservation voltage regulation.  You can

 12  obtain both real and reactive power from energy storage

 13  systems so they can effectively, you know, improve the

 14  efficiency of the distribution system.

 15            Similarly, at the transmission system, just

 16  like in the case of Nantucket Island, there can be huge

 17  benefits associated with deferring investment and

 18  transmission assets like transmission cables, and then

 19  also in reducing congestion.  As each of you probably

 20  know, in markets, congestion is built into the price of

 21  energy, so to the extent that you’re relieving congestion

 22  along transmission networks, it allows power from

 23  throughout the region to get to where it needs to be with

 24  less limitations and at lower cost.  And so that can
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 01  drive down cost throughout the region by alleviating

 02  congestion along transmission corridors.

 03            Bulk energy services, including capacity or

 04  resource adequacy, and energy arbitrage which is, of

 05  course, buying low and selling high in energy markets.

 06            And then there’s all the ancillary services

 07  engaged in trading in market operations, including

 08  regulation, load following, spin/non-spin reserve, the

 09  standby reserves, and black start service, voltage

 10  support, and those sorts of services.

 11            Once again, even if operating outside of a

 12  market, there is a cost associated with providing each of

 13  these services to the utilities operating in your state.

 14  And there are models, production cost models and capacity

 15  expansion planning tools and other models that can be

 16  utilized to assign a value in terms of avoided cost for

 17  each of these services.

 18            And then finally, behind the meter we have

 19  customer services.  Shifting of energy can result in

 20  reduced demand changes, reduced time of use pricing and,

 21  of course, outage cost reduction as well.

 22            So we’ve conducted an extensive literature

 23  review, about 40 to 50 studies of energy storage across

 24  the United States, and we published this in the Energy
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 01  and Environmental Science Journal about a year ago.  And

 02  what we see here is that these values do vary greatly

 03  from one location to the next, and so these values are

 04  not uniform.  The value here in North Carolina would be

 05  quite different than the values that are evident in the

 06  Pacific Northwest or in California or New York or New

 07  England, depending on the availability of resources and,

 08  of course, the profile of the generation fleet, load-

 09  shifting patterns, the extent to which renewables,

 10  intermittent renewables are expanding in your area.

 11            In a place like the Pacific Northwest we have

 12  very high renewable portfolio standards, but we have

 13  legacy hydro, and so that legacy hydro drives down our

 14  cost because it adds a great deal of flexibility and low-

 15  cost generation capacity.  But as those renewable

 16  portfolio standards begin to impact our utility

 17  investment decisions, as they will be in the coming years

 18  -- Washington is going to a hundred percent RPS, and

 19  California is, and Oregon’s is quite high as well -- then

 20  on the margin, these investment decisions will be much

 21  more expensive.  You can’t just simply rely on the legacy

 22  low-cost hydro.

 23            And so higher cost renewables will come into

 24  the fold, and then the intermittency associated with that
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 01  will generate balancing requirements -- we’ll get more

 02  into that in a few moments -- but those costs can be

 03  quite significant as well.  And so even in one location

 04  they change over time.

 05            In California you’re probably aware of the so-

 06  called duck curve.  And so as the net load, you know,

 07  soars in the afternoon, effectively there are these

 08  significant ramping requirements, and battery storage

 09  systems have been mandated for addressing that and there

 10  is a new market product, the flexible ramping product,

 11  that is generating significant opportunity and cost in

 12  that region as well.  So it varies by location.

 13            And we can see that although arbitrage was the

 14  first use case defined for energy storage system, it

 15  makes the most sense, it tends to be one of the lowest

 16  value of all the use cases for energy storage systems.

 17            Frequency regulation is a higher value stream

 18  for energy storage systems.  And what we find is that

 19  transmission and distribution deferral is extraordinarily

 20  variable, but can be enormous locationally, but in many

 21  locations is of very little value.  Next slide.

 22            So now I’m going to go through several of the

 23  use cases and effectively how we assign value to each of

 24  them.
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 01            So for capacity or resource adequacy,

 02  effectively, this is ensuring that you have enough power

 03  throughout the year to meet peak loads, plus a reserve

 04  requirement.  Capacity markets have been established in

 05  several regions throughout the United States, including

 06  California and New England, and so through a forward-

 07  capacity auction and then ultimately a forward-capacity

 08  market, the prices are set.

 09            Note that, you know, energy storage systems are

 10  very effective at addressing both capacity and frequency

 11  regulation, and so when market prices are high, sometimes

 12  energy storage services systems and new operators of

 13  generators can actually be victims of their own success

 14  because as they bid into these markets to absorb these

 15  high prices, the supply curve shifts outward, the new

 16  market equilibrium price falls significantly, and

 17  effectively the bottom can fall out of these markets.  So

 18  for a place like ISO New England, it was trading at

 19  roughly $11 per kW per month, and then many more

 20  generators and energy storage systems entered the market,

 21  and the market has recently crashed down to about $3.80

 22  per kW per month.

 23            Now, for the regulated utilities, the

 24  vertically integrated investor-owned utilities, this is
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 01  capacity based on the cost of a new entrant or the next

 02  best alternative which tends to be a peaking combustion

 03  turbine.  Now, those turbines cost about 150 to 200 kW --

 04  dollars per kW per year, but you back out the flexibility

 05  services associated with them, and then you have to

 06  determine through a loss of load probability analysis the

 07  incremental capacity equivalent of a battery system.

 08  Know that it’s not as capable of providing capacity as,

 09  say, a traditional generator.

 10            So if you have an energy-to-power ratio of say

 11  2, and you only have to cover four hours, you’re only

 12  going to capture half or less than half, potentially, of

 13  the value.  So if the value is trading at $120 per kW per

 14  year, a two-hour battery may only capture $60 of that

 15  because it’s not going to be quite as reliable as a

 16  generator.  Once again, it’s -- it may not be fully

 17  charged when called upon as necessary, and its energy-to-

 18  power ratio only allows it to ride through for a couple

 19  of hours, and you have to account for all of that.  And

 20  typically it’s done through a testing process or through

 21  the IRP process.  Effectively, the incremental capacity

 22  equivalent is defined.

 23            The second use case is frequency regulation.

 24  Energy storage, of course, starts here through FERC Order
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 01  755, the Pay for Performance Order.  The full value of

 02  energy storage was captured because there’s a performance

 03  component.  And to the extent the generator cannot

 04  provide the services effectively as the energy storage

 05  system, the value is derated; whereas, an energy storage

 06  system usually captures 95 percent plus of the benefit.

 07            And in addition to the capacity that’s bid into

 08  the market for the hour, there’s a mileage or service

 09  component.  So as energy is cycling in and out of the

 10  battery system, think of it as string that’s moving up

 11  and down and then you pull the string taut, all of the

 12  energy passing into and out of the system, the energy

 13  storage system, is compensated for that as well.  So it’s

 14  effectively the summation of all the green bars in the

 15  chart that you can see there.

 16            And once again, in PJM there was a REG-A and

 17  REG-D signal that the energy storage systems followed

 18  quite successfully, and some of the early entrants made a

 19  great return on investment, but once again the PJM market

 20  collapsed.  And then the AGC signal was altered by PJM in

 21  a way that has led to excessive degradation of the energy

 22  storage systems, and so the return on investment for new

 23  entrants is not nearly as promising as for old.

 24            And so that’s a challenge for energy storage
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 01  systems.  You know, they’re looking at current market

 02  conditions, trying to predict the future to the extent

 03  that long-duration contracts are through an integrated

 04  resource planning process that can capture not only the

 05  marginal value, but the long-term value of driving down

 06  the cost associated with the frequency regulation is a --

 07  is a great value to the energy storage providers or the

 08  utilities purchasing energy storage systems.

 09            The next benefit stream is renewable energy

 10  time shift and capacity firming.  I already mentioned the

 11  CAISO duck curve.  CAISO has implemented a ramping

 12  product, because as all the solar comes offline in the

 13  early evening and then folks come home and turn on their

 14  lights and their appliances, we’re seeing the net load

 15  curve thrust upward quite quickly.

 16            And so what CAISO realized was that through

 17  traditional capacity, plus frequency regulation and

 18  standby resources, that these resources collectively

 19  might not have the ramping capability required to respond

 20  to such an extreme event that was actually taking place,

 21  you know, every day, every weekday during the summer

 22  months.  And so they implemented a flexible ramping

 23  product that allows the bidder to not only bid in the

 24  price of providing the service, but also the ramp rate,
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 01  so the megawatts per minute that they can actually ramp

 02  up.

 03            And so all of this is taken into account

 04  through this product, and effectively a demand curve for

 05  this extreme ramping capability is developed on a -- in a

 06  real-time basis, and it’s a real-time market at five and

 07  15 minutes.  And so that’s a significant cost.

 08            You know, we found that through a national

 09  study that we performed for Dr. Gyuk there, that for

 10  every, you know, megawatt of renewables that you put on a

 11  system -- or excuse me -- for every 6 MW of renewables

 12  that you on a system, it required 1 MW of balancing.  And

 13  so when you’re comparing the cost of solar to a

 14  traditional generator, that’s not exactly an apples-to-

 15  apples comparison because the intermittency associated

 16  with renewables carries cost associated with that.  And

 17  so energy storage systems provide significant value in

 18  this regard.

 19            We evaluated nationwide.  It was a 6 to 1

 20  ratio.  But then on the margin, because there’s existing

 21  balancing capacity, it was a 10 to 1 ratio.  So for new

 22  wind and solar coming on the system, and this is

 23  national, we did evaluate it at a regional level, you

 24  know, and I can provide that report to you, so it will
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 01  differ from one region to the next, but nationally it was

 02  a 6 to 1 and 10 to 1 ratio.

 03            And then, of course, renewable energy capacity

 04  firming.  There are some areas placing ramp rate

 05  limitations.  And I can tell you in the Pacific Northwest

 06  that if you interconnect to the Bonneville Power

 07  Administration transmission lines, you have to pay $15

 08  per Mwh in firming cost because of the intermittency

 09  associated with that.  And you can see the line without

 10  energy storage, and then -- and then with it, if you can

 11  add it.  Effectively, it can smooth out the intermittency

 12  associated with the generation, renewable generation, and

 13  there’s a significant value associated with that.

 14            Okay.  The next benefit is outage mitigation.

 15  We can measure this from the perspective of the utility

 16  or from the perspective of the utility’s customers.  And

 17  when we evaluate it from the perspective of the

 18  customers, it’s in terms of what’s called value of lost

 19  load.  And so when the lights go out, it doesn’t mean

 20  much to residential customers, about 3 to $4 per hour, on

 21  average, based on interruption cost studies performed by

 22  the Lawrence Berkeley National Laboratories.  Small

 23  commercial industrial customers a bit more.  Effectively,

 24  they have to, you know, turn down their ovens and turn
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 01  off their lights and they lose their customers that are

 02  restaurants.  But for large commercial industrial it can

 03  be tens of thousands of dollars, as high as $150,000 per

 04  hour on some of the cases that we’ve evaluated.  So

 05  significant value associated with loss of load.

 06            And what we’ll do is we will model it with

 07  perfect foreknowledge and with no foreknowledge.  So

 08  without foreknowledge we would be operating in, you know,

 09  all of our various use cases, and then whatever energy

 10  happens to be available in the energy storage system on a

 11  -- at a time when the outage strikes, and we -- in our

 12  simulations we place the outages based on the value of

 13  lost load for the customers that could be islanded with

 14  this -- with this energy storage system, and then also

 15  based on historical data around outages.

 16            So on Nantucket Island there were 704 outages

 17  over 10 years, so there it was a significant benefit

 18  stream.  Elsewhere, it's often, say, two to three outages

 19  per year on a typical feeder, and we can effectively

 20  create a statistically average year of outages.

 21            Then we place those randomly throughout the

 22  year, and then our model simulations attempt to address

 23  them.  And then we evaluate the value or the cost of the

 24  outage with and without the energy storage system and
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 01  look at the change in terms of the value of lost load to

 02  those customers.

 03            The problem with resiliency and the reason why

 04  it’s not well known is that there are enormous costs when

 05  there are long duration outages.  An entire community

 06  ceases to function.  So there are direct -- indirect and

 07  induced economic effects associated with all of the

 08  factories shutting down or all of the businesses shutting

 09  down.  But there’s also risk to life.  There’s the value

 10  of a statistical life.  There's injuries that take place.

 11  There are public safety concerns.

 12            And so, you know, the way we think about this,

 13  at least when I’ve written about this, what I have

 14  suggested is that it should be unexpected value analysis.

 15  So it’s a multi-hazard risk assessment.  What are all the

 16  things that could go wrong and what are the full costs

 17  associated with each of those things?  So we’re doing

 18  something like this for a study in Eugene, Oregon, but

 19  it’s quite incomplete because of the ability of the

 20  energy storage system to keep the operations center open

 21  and how that changes the outage duration, and who is

 22  affected under these multiple hazard assessments is

 23  incredibly complicated, and the utility doesn’t have good

 24  answers for that.  No one does, really.  And I know
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 01  there’s a project at Sandia National Laboratories under

 02  Dr. Gyuk’s leadership, attempting to assign some values

 03  to these key elements.

 04            But for the Eugene system, you know, we’re

 05  looking at snow and ice, so on an average year there’s

 06  about 120 percent chance.  So on average there would be

 07  1.2 events that would cause sort of catastrophic outages

 08  for this Eugene Modern Electric Board.  With respect to

 09  flooding, it’s a very low probability for Eugene.  And

 10  then there’s the Cascadia subduction zone earthquake

 11  event that would be incredibly disastrous for the region.

 12            But then the ability of the energy storage

 13  system to keep the operation center open and its impact

 14  under such an extreme scenario is quite challenging to

 15  estimate, but we do have reasonable estimates, something

 16  like one-tenth to one-fourth of 1 percent on an annual

 17  basis of one of those catastrophic earthquakes hitting

 18  Eugene.  And so we’re digging into it, but assigning a

 19  full value associated with that is quite challenging.

 20            Okay.  The next slide is transmission and

 21  distribution deferral.  And effectively, you know, if you

 22  defer an investment in a transmission line or a

 23  distribution substation, you know, it’s going to be about

 24  2 percent more costly each year, so if you defer

�0051

 01  investment in it, it’s going to be a bit more expensive

 02  10 years from now, you know, 1.02 raised to the 10th

 03  power.  But when accounting for it from a utility

 04  perspective, and the denominator of the present value

 05  perspective is something more like 1.06, it’s going to be

 06  based on their weighted cost of capital which is going to

 07  be closer to 6 or 7 percent.  So it’s 1.06 raised to the

 08  10th power.

 09            And so we evaluated a distribution substation,

 10  and we can see here that effectively by deferring

 11  investment in this distribution substation by six years,

 12  it reduced its cost by about 25 percent from 10 to 7.5

 13  million.  And for the submarine cable for Nantucket

 14  Island it was closer to $110 million because it was

 15  roughly a $200 million dollar investment that you could

 16  defer for 13 years.

 17            So that is highly location specific.  In the

 18  majority of cases there is zero value associated with

 19  distribution or transmission value, but for a select

 20  number of locations it is the number one use case and of

 21  enormous value.  We usually go through a screening

 22  process, that there’s 10 or 12 potential investments that

 23  you can defer at the transmission and distribution level,

 24  and this is how you defer it, does it apply here.  And
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 01  most of the time it doesn’t, but in some instances it’s a

 02  significant value.  And, of course, this wouldn’t be

 03  captured in a traditional planning process, integrated

 04  resource planning process.  And so it’s important to

 05  think of these values more broadly.

 06            Now, I’ve gone through all these use cases, but

 07  you can’t simply evaluate them individually and then add

 08  them all together.  You have to simulate operation of the

 09  battery system.  Effectively, there’s multidimensional

 10  competition for the energy in the storage system.  If you

 11  use it in this hour, there’s less of it available in the

 12  next hour and the hours that follow, and then you cannot

 13  provide all services simultaneously.  Sometimes you can

 14  provide -- you can meet the needs of multiple services in

 15  a given hour, but in many cases you cannot.  And so, you

 16  know, what we find is that, you know, when consultants

 17  evaluate the benefits individually and add them together,

 18  you’re typically overstating benefits by roughly 30

 19  percent.

 20            Another thing we do is we don’t assume perfect

 21  foresight with respect to prices or with respect to load

 22  and conditions.  We assume imperfect foresight, and then

 23  we predict what those prices will be, but then use the

 24  actual prices for the clearing process.  We find you
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 01  typically get an additional 10 to 15 percent of the value

 02  when you do that.  And so, you know, these additional

 03  analytical steps are required to produce defensible,

 04  scientifically defensible, and I think realistic numbers.

 05            And so you can see here in this chart here to

 06  the left, the energy prices in the first panel, if all

 07  you were doing was buying low and selling high, in the

 08  energy market you can see the duty cycle there for the 5

 09  MW battery system.  In the early morning hours it’s

 10  charging.  That’s why it’s negative.  You’re pulling

 11  energy off the grid.  And then around lunchtime and in

 12  the -- in the evening hours you’re discharging to take

 13  advantage of higher prices during those hours.

 14            But then as you layer in each additional

 15  benefit, balancing distribution deferral and Volt/VAR

 16  control, the signal or charging and discharging duty

 17  cycle changes, and so this is what the battery system

 18  would be doing to optimally engage in economic operation.

 19  And you can see that once it does that, some of the

 20  arbitrage benefits would effectively melt away at that

 21  point because you can no longer capture those.  You are

 22  chasing higher value frequency regulation benefits.

 23            And effectively, what our models will do is

 24  effectively have a running ticker each hour of the value
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 01  -- a buy value stream that it’s being generated, and at

 02  the end of the year tell you the number of hours you

 03  would be optimally engaged in the provision of each

 04  service and the value providing each of those services.

 05            So the first case study I want to run through

 06  is the Salem Smart Power Center.  This was a shovel-ready

 07  project that was funded under ARRA.  At the time it was

 08  extraordinarily expensive, about $20 million plus.  And

 09  when you built in all the rate impacts, if it were to

 10  have been built into the rates, it would have been closer

 11  $28 million.  The cost of it today would be much lower,

 12  closer to, I think, 6 or $7 million, so that shows you

 13  the significant degree to which we have been successful

 14  at reducing the prices associated with, particularly,

 15  lithium-ion battery systems.

 16            Also, there were some components associated

 17  with this project, you know, a $3 million building that

 18  today would be unnecessary.  And so even with respect to

 19  the power conversion systems, the balance of plant and

 20  the interconnection costs, some of those costs have been

 21  coming down, but not to the degree to which the battery

 22  system costs have been coming down.

 23            So you can see here it was a 5 MW 1.25 Mwh

 24  system, so an incredibly shallow system with an energy-
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 01  to-power ratio of 0.25.  It was to act as a -- the

 02  provision of ride-through capacity in a high-reliability

 03  zone to aid in the elimination of outages for a few high-

 04  value customers, including a call center and the

 05  headquarters of the local National Guard.

 06            The utility identified a whole host of

 07  potential use cases, but after we evaluated those use

 08  cases, we broke them down to nine specific use cases and

 09  then, in truth, there were fewer than that that were of

 10  real value to the system.  And so despite the fact that

 11  we may have 15 to 20 use cases defined, typically the

 12  number of use cases evaluated for each system is more in

 13  the three to seven range.  You can’t simply -- once you

 14  start providing more than that, it gets sliced quite

 15  thinly and there’s very little value that’s remaining.

 16            Now, what you’ll see here is that if you simply

 17  added all the benefits together, you would generate about

 18  seven and half million, but when co-optimized, so

 19  effectively simulating operation only taking advantage of

 20  the technically achievable benefits, it falls to 5.8

 21  million, so you can see that it’s a much lower value.

 22            The energy or the return on investment ratio

 23  was quite low given the very high cost of the system, but

 24  if you’re investing today at the relatively lower costs
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 01  that are evident in the marketplace, you could, if sized

 02  correctly, generate a positive return on investment

 03  ratio.  And so one of the points we make here is that

 04  it’s important to fully evaluate the technical potential

 05  and the economic potential of an energy storage system

 06  prior to deployment, prior to design, because as you can

 07  see here, even with today’s prices the return on

 08  investment ratio was below 1, at about, I think, .78, but

 09  if sized correctly with an energy-to-power ratio of 2.0,

 10  they could have yielded a positive return on investment

 11  at 1.24.

 12            Effectively, at 0.25 there’s such limited

 13  energy that it really can’t serve in the provision of

 14  ancillary services.  It has very little energy to provide

 15  frequency regulation or spin on spin reserve.  It cannot

 16  provide hardly any capacity if it’s a four-hour product,

 17  for example.  I mean, effectively you’d have to divide

 18  the benefit by 16 in this case to make it an incremental

 19  capacity equivalent.  And so that has to be worked

 20  through and should be worked through by the utilities

 21  prior to building it into an Integrated Resource Plan or

 22  deploying or designing the system.

 23            So the Nantucket Island Energy Storage System

 24  Dr. Gyuk already highlighted, and I will get into quite a
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 01  bit more detail here.

 02            It’s a small resident population of about

 03  11,000.  It’s a playground for the rich during the summer

 04  months and the load soars to 50,000 for about -- 50,000

 05  MW during about a two-month period.  But it’s really just

 06  a 2 to 300-hour period where you really have to focus to

 07  ensure that the N-1 contingency requirement is met.

 08            And so it’s -- rather than investing in a third

 09  cable that could cost upwards of $200 million, an energy

 10  storage system can provide that capacity, in this case

 11  combined with a combustion turbine generator can provide

 12  that service, but then be freed for the other 8,560 hours

 13  in the year to perform other services.  And so it was

 14  just a very unique and powerful opportunity here for

 15  energy storage.  And so we evaluated a small number of

 16  nonmarket and market operations to a very successful

 17  degree in this case.

 18            So the benefits of local operations, you can

 19  see here to the right that we modeled load and then

 20  predicted load out into the future, projected it out into

 21  the future for a number of years.  And so the load is

 22  evaluated in sort of an extreme scenario as sort of a 95

 23  percentile extreme scenario so that ensuring that we’re

 24  quite conservative.
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 01            What we found that basically in this year, the

 02  first year in which the load would be expected to exceed

 03  the N-1 contingency without the availability of the

 04  energy storage system and that it would only require

 05  energy from the battery system for four hours this year.

 06  And then in future years we projected and then predicted

 07  the hours during which the energy storage system would

 08  need to be available to ensure that you’re meeting that

 09  N-1 contingency scenario.

 10            So with that analysis and then projecting into

 11  the future, you can see the number of deferral years

 12  estimated at 13.  The benefits of local operations was

 13  estimated at 122 million.  Most of that was the

 14  transmission deferral benefit, but the other was outage

 15  mitigation, 704 outages over 10 years.  We went through a

 16  screening process and reduced all the outages that the

 17  energy storage system could not mitigate, and that

 18  actually eliminated something like 80 percent of the

 19  outages.  We broke it down to a smaller number.  We

 20  modeled the entire distribution system for Nantucket

 21  Island and then simulated the relevant outages with and

 22  without the availability of energy storage.

 23            And so we could show that under ideal

 24  circumstances, that the battery system could eliminate
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 01  roughly 46 percent of the customer minutes of

 02  interruption on that island, so an enormous benefit.

 03  Now, I say ideal because when we performed the

 04  distribution system analysis, we learned two things.  One

 05  is that you could not fully export both the combustion

 06  turbine generator and energy storage system power

 07  simultaneously.  You would effectively overwhelm some of

 08  the lines on the island.  So we could target specific

 09  investments in reconductoring to enable the full

 10  discharge of the systems.  And then the other thing was

 11  that all the switching on the island had to take place

 12  manually.  And so we take about an hour to do all of

 13  that, and through some automated switching you could

 14  reduce that to five and potentially one minute of outage

 15  before all the power is restored.  And so an enormous

 16  benefit in terms of showing the value of each of those

 17  investments and the costs of them, showing that you could

 18  effectively improve the economics by about 2 to $300,000

 19  annually through those investments which, of course, were

 20  quite a bit lower than that, so a significant value.

 21            Now, in addition to nonmarket operations,

 22  National Grid wants to engage in market operations, so

 23  some of you may rightly be recognizing that if they rate

 24  based this asset, which they did, that currently they
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 01  would not be allowed to also participate in the energy

 02  markets.  But FERC has issued a memorandum suggesting

 03  that it was open to operating rate-based assets in energy

 04  markets and encouraging utilities to propose the use of

 05  such systems in energy markets.  And so National Grid

 06  wants to use this as a test case and be the first one to

 07  take advantage of this opportunity, then pull those

 08  benefits back to their customers because the reality is,

 09  is that they only need this asset for a very limited

 10  number of hours each year.

 11            For those of you who are also well schooled in

 12  how markets operate, you’ll also recognize that you can’t

 13  toggle into and out of markets.  That’s not allowed, and

 14  you could face penalties for effectively what’s called

 15  economic withholding.  But through a combination of rules

 16  and ISO New England, they can use this system to provide

 17  local reliability services and establish an opportunity

 18  cost associated with not providing that service, build

 19  that into their price and effectively make the battery

 20  system economically unattractive to ISO New England.

 21  That’s all perfectly legal.  And we’re confident that if

 22  they can predict when the N-1 contingency scenarios will

 23  be occurring, that effectively they could pull the system

 24  back for providing that service.
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 01            The other thing is in response to FERC Order

 02  841, ISO New England is now offering something called a

 03  CSF.  And so this is a storage facility, a continuous

 04  storage facility that acts as a generator would, as a

 05  demand-side resource would, or as a regulating resource

 06  would.  So in markets across America, some of the

 07  complaints are that energy storage systems are treated

 08  like any other generator, but they have unique

 09  attributes.

 10            So, for example, an energy storage system, if

 11  it's a 10 MW system, it can provide the full 10 MW of

 12  regulating capacity because it can go 10 MW up and 10 MW

 13  down, whereas a generator cannot.  It effectively would

 14  have to provide, you know, 5 MW up and 5 MW down.  It has

 15  to function at the 5 MW level of output and then cycle up

 16  or down.  But an energy storage system can provide twice

 17  the regulating capability.  It also can respond to the

 18  subsecond level, so it’s always spinning, effectively, so

 19  it should be available for providing that spinning

 20  reserve as well.

 21            And so you can see these three signals here in

 22  the top graph to the right, that if it was providing

 23  services as a generator, you can see it discharging

 24  there.  If it’s responding to as a demand-side resource,
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 01  you can see it absorbing energy down.  And then in ISO

 02  New England it can also follow an energy-neutral AGC

 03  signal, and that’s the one that’s cycling up and down.

 04  And those are all combined into a single signal and it’s

 05  compensated for all three market services.  And so we bid

 06  into that system.

 07            So in the next slide you’ll see when it’s all

 08  added together, it’s $146 million in present value

 09  benefits, revenue requirements of the combustion turbine

 10  generator plus the battery system.  The battery system

 11  was 6 MW, 48 Mwh system, at a cost of about $31 million.

 12  It’s a Tesla battery system.  The full revenue

 13  requirements are about $94 million, with a return on

 14  investment ratio of 1.55.

 15            So if you go to the next slide, you’ll see the

 16  results of several of our recent studies.  You can see

 17  the Salem Smart Power Center and how, as currently

 18  constructed, that didn’t function well.  With the PSE

 19  Glacier, the return on investment from the perspective of

 20  the utility was quite poor at about 0.44, but when you

 21  built in the value of lost load, it was an isolated

 22  community with poor reliability in a mountain near the

 23  Canadian border, and it almost penciled out at that

 24  point.  It really provided a great service, and there
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 01  demonstrated the capacity to island the entire downtown

 02  core of that very small city.  It’s about 30 businesses

 03  and about 40 residential customers, but the battery can

 04  do that.  It can effectively isolate an entire community

 05  or a large segment of Nantucket Island in this case.

 06            For OPALCO Decatur Island we’re evaluating the

 07  deferral benefits associated with reducing stress placed

 08  on a submarine transmission cable.  So this is a $40

 09  million cable, and effectively during peak periods we can

 10  reduce voltages and stress placed on that cable.  And we

 11  built an electrothermal model to evaluate the benefits of

 12  doing so, and by doing so you can defer investment in

 13  that cable by about four years.  And so those are

 14  enormous cost assets, and so a great value there.

 15            And then Avista Turner, I’ll call your

 16  attention to that.  That is Schweitzer Engineering

 17  Laboratories.  It would be located effectively in the

 18  parking lot of that facility.  And when there’s a voltage

 19  sag of a significant enough degree and duration, the

 20  machines shut off, and once they’re off, they’re off for

 21  three hours minimum.  And the cost of that is $150,000 an

 22  hour, and that takes place about twice a year on average,

 23  plus there’s -- even though they have two feeders serving

 24  that site, there is an outage about every two to three
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 01  years, and so enormous savings to that high-end

 02  manufacturer.

 03            So moving on to the cost of storage, you’ve

 04  heard about the lithium-ion prices and how they’ve been

 05  falling.  You know, with lithium ion, it’s being deployed

 06  in the consumer electronics area, in the automotive area,

 07  and less so in the grid space, but because of those

 08  advancements that are taking place, the manufacturing and

 09  technology and the resource appropriation, the costs have

 10  fallen significantly.  And so you can see the costs

 11  falling below, for an entire pack, below $200 per kWh in

 12  energy capacity.  So if you have a 1,000 kWh or 1 Mwh

 13  system, the cost of that would be -- would be $200,000 in

 14  this case.

 15            But that’s only roughly half of the cost.

 16  There’s also power -- a conversion system cost or the

 17  inverter shifting the energy back and forth between AC

 18  and DC, and then the balance of plant cost and then the

 19  construction and commissioning cost.  You still have to

 20  build a concrete pad if you don’t place it in an existing

 21  substation or an existing building site.  You still have

 22  to build a fence.  You still have to get the finance team

 23  involved, the lawyers, the engineers.  You have to

 24  interconnect it.  You have to control it.  And all of
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 01  those have costs, and those costs aren’t falling as

 02  quickly as the costs associated with the battery systems.

 03            Kendall there, Kendall Mongird, recently led a

 04  study to evaluate the cost associated with six battery

 05  chemistries broken out by those four components that I

 06  just mentioned, and then also for non-battery

 07  technologies, including pumped-storage hydro, compressed

 08  air energy storage system, ultracapacitors, and one other

 09  which I’m sure I’ll remember in a moment.  But, you know,

 10  what we find is that, of course, lithium ion is the least

 11  cost technology at this point for a 1 MW, 4 Mwh system.

 12  You would expect to pay roughly, you know, 4 to $500 per

 13  kWh all-in cost.

 14            But you’ll see there two things.  You know,

 15  first of all, the roundtrip efficiency, it’s higher than

 16  the other technologies, so it’s functioning very well,

 17  but it also degrades quite a bit quicker, and if you

 18  don’t -- if you’re not careful in how you operate the

 19  system, it can degrade quite quickly.  If you operate it

 20  efficiently, it will degrade at about one-half of 1

 21  percent annually.  And its life cycle -- its life is only

 22  about 10 years, and that’s under sort of the best

 23  possible conditions.  Sometimes you’ll get a 20-year

 24  warranty, but when that takes place it’s because there’s
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 01  effectively interim investments that are included in

 02  that, so they have to effectively address the degradation

 03  throughout the life of the unit and replace the entire

 04  battery pack after 10 years, typically.  And so some of

 05  that is built into those contracts that you receive.

 06            For a flow battery system, you know,

 07  effectively, you know, there’s electrolyte in big tanks,

 08  so if you’re talking about a long duration storage

 09  battery system, it is very promising because you just

 10  have to make the tanks larger, more electrolyte, you

 11  know, passing by a membrane that is, you know,

 12  effectively energizing the electrolyte, and so you can

 13  scale it at a very low cost.  But its base system cost is

 14  much higher.  Also, its roundtrip efficiency is lower and

 15  more variable than lithium-ion battery system costs, so

 16  that’s a concern as well.

 17            With respect to pumped-storage hydro, I would

 18  mention that, you know, this is 97 percent of the energy

 19  storage capacity.  Worldwide, these tend to be enormous

 20  systems, very low cost in terms of the dollars per kWh at

 21  about 165.  The energy-to-power ratio tends to be much

 22  higher, you know, something like 10 to 16 to 1.  They can

 23  -- they can operate for 50 years in some cases so they’re

 24  a very long-lived asset, but they are enormously
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 01  expensive, in the billions of dollars in terms of cost.

 02            And so there have been no new large scale

 03  pumped-storage hydro units built in the U.S. in the past

 04  20 years.  And there are significant permitting

 05  requirements if it’s an open-loop system because it’s

 06  interacting with the natural environment, and that is

 07  enormously expensive.  And so because it’s not providing

 08  baseload energy, it’s difficult to demonstrate and ensure

 09  the value of the system.

 10            In addition to all the valuation and the cost

 11  analysis that we’re doing, we’re also conducting

 12  extensive battery testing at Pacific Northwest National

 13  Laboratory.  Typically, we start with electricity prices

 14  and very specific conditions at a site, build in the

 15  energy storage specifications, and we develop a series of

 16  duty cycles that mirror the economic operation of the

 17  battery system.  So what does arbitrage look like at this

 18  site for this system?  What does the frequency regulation

 19  look like?  You know, what does capacity -- the provision

 20  of capacity services look like for this energy storage

 21  system at this location?

 22            We go through the DOE -- OE test protocol, then

 23  we mirror the economic operation, go back through the

 24  test protocol sometimes multiple times.  We collect 80 to
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 01  140 data tags per second in some cases, pass through a

 02  filter where we’re monitoring performance, and

 03  effectively we have a number of parameters that we’re

 04  monitoring and our coefficients for each of those

 05  parameters and how they affect roundtrip efficiency and

 06  the state of health of the battery system is updated

 07  continuously.  And so we can predict with great accuracy

 08  how different types of battery systems can perform, and

 09  they perform quite a bit differently than you would

 10  expect based on manufacturer specification and what you

 11  read in industry literature.

 12            So the next slide, Kendall.  You'll see that we

 13  recently evaluated four battery systems through the Clean

 14  Energy Fund.  Two were vanadium flow battery systems, a

 15  technology that was developed at Pacific Northwest

 16  National Laboratory and then was commercialized through

 17  the UniEnergy Technologies' systems, and then two

 18  lithium-ion battery systems, systems as small as 1 Mwh,

 19  expanding out to 8 Mwh in energy-to-power ratios from 0.5

 20  to 3.6.

 21            The roundtrip efficiencies for the flow battery

 22  systems were lower than the flow -- than that measured

 23  for the lithium-ion battery systems and much less

 24  variable, so we’ll get on to that in a bit more in a
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 01  moment, but -- whereas, the lithium-ion battery systems

 02  typically are in the high 70s to low 90s in terms of the

 03  roundtrip efficiencies, the flow battery systems, in

 04  fact, did fall into the 40s and 50s in terms of their

 05  roundtrip efficiency based on how you’re operating it.

 06            So not only did the roundtrip efficiency differ

 07  by chemistry, it will differ by duty cycle for the same

 08  battery system.  So for the Puget Sound Energy Glacier

 09  lithium-ion battery system, basically these are the

 10  roundtrip efficiencies.  Each one of these little boxes

 11  represent one week of testing in each of the various use

 12  cases.

 13            So for the lithium-ion battery system, as the

 14  temperatures began to fall, you can see that the

 15  roundtrip efficiencies also fell.  And then depending on

 16  the use cases, it varied quite a bit.  So if there were

 17  significant standby between the charging and discharging,

 18  then it absorbed more standby losses.  If the power

 19  output level was quite low, then the auxiliary loads were

 20  a larger share of the overall calculation.  And so these

 21  were some of the factors that influenced the roundtrip

 22  efficiency factors.

 23            So we’ve built this all into a single tool, and

 24  what you’ll see there in that chart to the right is as --
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 01  the lines converge over time, so when we initially

 02  started testing battery systems, we would build duty

 03  cycles for a one-week period, and then within two days we

 04  would be outside of state of charge limitations.  We’d

 05  have to stop the testing and restart it after calibrating

 06  to get the battery back to the state of charge that we

 07  had expected.

 08            After we developed this model and started using

 09  it, then we found that we could go weeks without having

 10  to recalibrate.  And even if we were engaged in a very

 11  complex duty cycle with a significant degree of ramping,

 12  we could predict it quite accurately.  We’ve also found

 13  that this capability has allowed us to greatly enhance

 14  the value from the services provided by the energy

 15  storage system.

 16            When it’s charged, we charged it in the most

 17  efficient way possible, and when we discharge, we know

 18  exactly the roundtrip efficiency for each of our market

 19  and nonmarket operations so we’re not blindsided by poor

 20  performance.

 21            And effectively, the four -- the four variables

 22  that were statistically significant in terms of

 23  influencing roundtrip efficiency are power output level,

 24  temperature, the state of charge range within which
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 01  you’re operating, and whether you’re charging or

 02  discharging.  And then over time, of course, degradation

 03  also influences it.

 04            So in this slide, effectively, as you can see

 05  here, that for this one test for arbitrage, it was very

 06  low value stream, but, you know, we obtained up to 50

 07  percent more revenue when we could correctly predict the

 08  performance of the battery system.  So without enhanced

 09  operational knowledge we were all over the place in terms

 10  of operation, so we’re bidding it in thinking we’re

 11  getting 90 and we’re only getting 65.

 12            And so with that enhanced operational knowledge

 13  we really reduced the charging cost and could bid it into

 14  the system more cost effectively.  Even for a system

 15  operating outside of the markets, you’ll greatly enhance

 16  the value with a -- with a large degree of real-time

 17  operational knowledge.  And we found that this value

 18  proposition is even more enhanced through knowledge of

 19  degradation.  So we’re going to be publishing something

 20  very soon covering state of health.  And what we found

 21  there is that state of health matters a great deal.  If

 22  you over exercise the battery, you’ll burn it out in

 23  three or four years.  So either you can operate it within

 24  the limitations of the manufacturer’s warranty -- that’s
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 01  one way to limit degradation -- the other way is enhanced

 02  operational knowledge.  So with enhanced operational

 03  knowledge you could push it a bit to obtain the maximum

 04  amount of value, while not degrading the operation

 05  capability of the system.

 06            Let’s skip ahead two slides, Kendall, please.

 07  With respect to our controls work, I just wanted to

 08  mention the optimization performance evaluation tool.

 09  It’s like a Monday morning quarterback.  You operate the

 10  battery system for a month.  We then re-operate it for

 11  another month and first simulate its operation and see

 12  how much better we can do.  And what we found is that we

 13  can do typically much, much better than you did with your

 14  control system for three reasons.

 15            One is a prediction error.  If you haven’t

 16  built in prediction properly into your accounting -- so

 17  you’re bidding it in, making some grand assumptions about

 18  prices or not properly accounting for prices, you’re

 19  probably getting it wrong.  If you don’t have enhanced

 20  operational knowledge associated with your system, you

 21  may think you’re getting 90 percent when you’re getting

 22  much lower than that.

 23            And another thing is there’s often a

 24  significatory of logic errors built in.  You know, for a
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 01  utility in the Pacific Northwest they were using a

 02  battery system to minimize these balancing payments that

 03  they were paying to the Bonneville Power Administration

 04  to avoid what were in most cases 10 percent penalties for

 05  provision of balancing service, but absorbing 30 percent

 06  roundtrip efficiency losses when doing so, so -- taking

 07  30 percent losses to avoid a 10 percent penalty is not a

 08  sound economic decision, and so our tool could catch that

 09  and their control system didn’t, didn't capture it.

 10            So, you know, what we’ve learned is that siting

 11  and sizing of energy storage system is incredibly

 12  important.  The consideration of a broad set of use cases

 13  capturing, you know, optimal set of use cases, while

 14  accounting for uncertainty, and accounting for

 15  co-optimization based on the utility structure, the

 16  benefits will vary quite considerably if you’re operating

 17  in and out of the market, and then battery

 18  characteristics is important to capture those battery

 19  characteristics correctly and efficiently.

 20            Now, the future of energy storage at PNNL,

 21  under the leadership of Dr. Gyuk and the Department of

 22  Energy, we’re expanding our models to include many forms

 23  of energy storage, including non-battery storage.  We

 24  hope to work with Sandia National Laboratories and EPRI
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 01  to have a standard valuation -- industry standard

 02  valuation model.  We now have our competing models and

 03  we’d like to have some collaboration there.

 04            We’re going to be developing optimal siting and

 05  sizing of energy storage and balancing areas, so when

 06  trying to answer the question how much and where for a

 07  given balancing area, balancing authority, we’re going to

 08  be working on that over the next couple of years to have

 09  a model to enable that -- utilities to answer that

 10  question, increasing the performance, safety, and

 11  reliability of grid-scale storage.

 12            And then with respect to our policy work --

 13  this is the equitable regulatory treatment -- we’re

 14  working with states like Hawaii, Nevada, Oregon, and

 15  Washington, and addressing some of their challenges,

 16  while implementing mandates and new legislative

 17  requirements.  We’ve built the DOE Energy Storage Policy

 18  Database and we’re developing an evaluation handbook, all

 19  supporting Dr. Gyuk’s program.

 20            And then finally I’d like to acknowledge Dr.

 21  Gyuk and Bob Kirchmeier who leads the Clean Energy Fund

 22  work.  I’ll be meeting with your staff this afternoon and

 23  my contact information is on the final slides.

 24            And I have a few minutes, and I’d be happy to
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 01  take any questions you have.

 02            CHAIR MITCHELL:  Thank you very much, Mr.

 03  Balducci.  That was very helpful information you shared

 04  with us.  Are there any questions from Commissioners?

 05  Commission Staff?

 06            MR. BALDUCCI:  We do have a few minutes, so --

 07            MS. JONES:  And it’s Public Staff that you’re

 08  going to be meeting with --

 09            MR. BALDUCCI:  Yeah.  I’m quite happy to --

 10            MS. JONES:  -- when we’re done.  Help me

 11  understand the one chart -- let’s see -- page 26, I

 12  think, seems to indicate that when ambient temperature is

 13  high, the battery efficiency is high.  Am I getting that

 14  right?

 15            MR. BALDUCCI:  Let me see here.  So -- which

 16  number is that?  That’s --

 17            MS. JONES:  Twenty-four (24).  I’m sorry.

 18            MR. BALDUCCI:  Twenty-four (24).  Okay.  So

 19  let’s see here.  Yes.  The temperature -- did I say the

 20  reverse?  I thought I said as the temperatures fall,

 21  yeah.  Yeah.  So as the temperature -- lithium-ion

 22  battery systems perform well under higher temperatures to

 23  a point, but they also have HVAC systems that allow them

 24  to keep them from overheating and then had draws on
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 01  energy, of course.  But up to a point they can -- yeah,

 02  it would typically -- yeah.

 03            MS. JONES:  So how high is high?  And if you

 04  could help us understand, I mean, North Carolina is sort

 05  of known for long, hot, humid summers.

 06            MR. BALDUCCI:  Right.  Uh-huh.

 07            MS. JONES:  Is that a good thing or is that a

 08  bad thing?

 09            MR. BALDUCCI:  I think it would be a good thing

 10  up to a point, but it could ultimately be a bad thing.

 11  Now, if the -- if the -- if my staff who work on this

 12  were here, they could answer this question more

 13  intelligently.  But I will tell you this, that the

 14  temperature at this site I don’t think ever went above,

 15  and this is the temperature in Celsius there, so I don’t

 16  think it ever went above the low 80s.  So this is on the

 17  Canadian border here, so there were very few cases where

 18  if it approaches a hundred, and I’m speaking a bit out of

 19  turn, but I would expect the roundtrip efficiency to fall

 20  as the HVAC systems kick into a higher gear to ensure

 21  that you maintain a satisfactory cooling level for those.

 22  The auxiliary loads would rise.

 23            And so there’s chemistry effects that are

 24  improving their roundtrip efficiency, but then there’s
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 01  going to be thermal effects that I think drive it down

 02  ultimately once you get into those very high

 03  temperatures.  I think that’s what they would tell you.

 04  Yeah.  But we never -- we never reached them there.

 05            MS. JONES:  Sure.

 06            MR. BALDUCCI:  This was North Washington State

 07  on the Canadian border, effectively.

 08            And the other thing I was going to say -- so

 09  let me make sure I cover this.  So some of the barriers

 10  -- you asked a question of Dr. Gyuk and he said ask

 11  Patrick, but so with respect to states, you know, with

 12  Integrated Resource Planning processes, you know, they’re

 13  not capturing sub-hourly benefits.  Oftentimes they’re

 14  not capturing locational benefits as well.  So either

 15  it’s being treated as a distribution asset and it’s

 16  comparing this to, let’s say, a substation upgrade, you

 17  know, a new transformer or something, but not capturing

 18  all of the system level benefits that it can provide.  Or

 19  in the IRP it’s capturing all of the system level

 20  benefits, but not any of the location-specific benefits.

 21  And also from state to state the interconnection

 22  standards can differ quite significantly and there can be

 23  barriers there.

 24            With respect to markets, once again, you know,
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 01  the question is, is it a generator, is it a demand-side

 02  resource, is it a regulating resource, and the answer is,

 03  yes, it’s all of those things.  It can provide all of

 04  them.  It has to demonstrate the capacity to provide all

 05  of those services, and there are ways to do it, and FERC

 06  841 is now requiring it of all the regulated markets

 07  throughout the United States.

 08            Also, there can be sort of high thresholds, so

 09  you can’t bid into the market unless you have 1 MW or 2

 10  MW of capacity.  And, of course, there are smaller

 11  battery systems that are yielding location-specific

 12  benefits that could also provide market-level benefits,

 13  but it’s -- but it cannot participate because of the

 14  requirements of the system, the sort of threshold levels.

 15            And then once again, if it’s rate based, then

 16  FERC historically has not allowed for market

 17  participation, despite the fact that it may only be

 18  required for the specific service there locally very

 19  infrequently.  So if it can demonstrate its ability to

 20  provide that local -- location-specific service and bid

 21  into the market, so you have to do any sort of deration

 22  through a performance test or something, it should be

 23  allowed to get into those markets.  And so With Nantucket

 24  Island sort of leading the way, utilities are very
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 01  interested in pursuing that.

 02            CHAIR MITCHELL:  Commissioner Clodfelter.

 03            COMMISSIONER CLODFELTER:  I’m going to give

 04  this a try, and we’ll see if I can get it out.  Sort of a

 05  summary type question for you, and it’s going to be a

 06  specific case, our case.

 07            MR. BALDUCCI:  Yes.

 08            COMMISSIONER CLODFELTER:  Okay.  So I’ll get to

 09  the question, but let me sort of lay out the parameters

 10  first of sort of what the case entails.  Say we’ve got

 11  just south of 4 GW of installed or interconnected PV

 12  solar third-party owned, third-party operated.

 13            MR. BALDUCCI:  Uh-huh.

 14            COMMISSIONER CLODFELTER:  The grid owner and

 15  operator does not own and operate the solar PV.

 16            MR. BALDUCCI:  Uh-huh.  Yeah.

 17            COMMISSIONER CLODFELTER:  Okay.  The only price

 18  signal that exists in this case is the contract price

 19  negotiated between the grid owner and operator, that’s

 20  our regulated utility, and the solar PV generator.

 21            MR. BALDUCCI:  Uh-huh.

 22            COMMISSIONER CLODFELTER:  The -- assume that we

 23  add storage or that storage is added to a substantial

 24  chunk or maybe even all of that installed PV.
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 01            MR. BALDUCCI:  Uh-huh.

 02            COMMISSIONER CLODFELTER:  The regulated grid

 03  operator has no control over what kind of storage is

 04  added, what technology, what the characteristics are

 05  technically or economically, what the costs are of that

 06  storage.

 07            MR. BALDUCCI:  Uh-huh.

 08            COMMISSIONER CLODFELTER:  Assume that that

 09  storage is really opaque to the grid operator --

 10            MR. BALDUCCI:  Yeah.

 11            COMMISSIONER CLODFELTER:  -- in terms of

 12  control.  There’s no control.  Grid operator has no

 13  control of that storage.  It’s charged off grid.  It’s

 14  charged on the generator side of the inverter.  It never

 15  interacts with the grid directly except at the point of

 16  the inverter.  Should I conclude from that -- and that’s

 17  really the model, that’s the case, that’s going to be

 18  that way.  Assume that’s going to be the way the case

 19  goes forward.  Should I give up trying to value any

 20  service or value stream from that storage other than

 21  arbitrage, pure arbitrage?  Is there any other way I can

 22  in that case -- again, the only price signal I’ve got is

 23  the contract price of what’s paid for the energy.

 24            MR. BALDUCCI:  Uh-huh.
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 01            COMMISSIONER CLODFELTER:  Is there any other

 02  way I can sort of effectively value any other stream of

 03  value from that storage?

 04            MR. BALDUCCI:  Yeah.  So --

 05            COMMISSIONER CLODFELTER:  And if so, what

 06  tinkering or what modifications to the case do I need to

 07  do?

 08            MR. BALDUCCI:  Yeah.  Well, I’ll try my best to

 09  answer that question.

 10            COMMISSIONER CLODFELTER:  Okay.  Well, I tried

 11  my best to phrase the question.  I don’t know if I got it

 12  to you --

 13            MR. BALDUCCI:  I totally understand it.

 14            COMMISSIONER CLODFELTER:  -- in an intelligible

 15  way.

 16            MR. BALDUCCI:  Yeah, yeah, yeah.  No.  I’m

 17  definitely following you.  Now, why would the third party

 18  invest in the storage?  Why are they doing that, in terms

 19  of is it a requirement of the utility?  Are they going to

 20  use it for --

 21            COMMISSIONER CLODFELTER:  Well, let’s just say

 22  I don’t have an answer to that question other than the

 23  fact that we have people pounding on our door who are

 24  those generators who say they want to add storage.
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 01            MR. BALDUCCI:  Well, would they otherwise --

 02  would some of the energy produced by the PV effectively

 03  be curtailed or not compensated, or is there a higher

 04  compensation rate for --

 05            MR. McDOWELL:  Could be curtailed, but the

 06  avoided cost that they are paid is very granular now and

 07  has a higher value during those peak hours.  So

 08  potentially it’s part of the arbitrage opportunity, but

 09  they could -- it would be a value proposition to them.

 10            MR. BALDUCCI:  Right, right.  And there is a --

 11  there is a regional energy market, but no ancillary

 12  services -- ancillary service market or -- yeah.  Right.

 13            COMMISSIONER CLODFELTER:  Either.

 14            MR. McDOWELL:  Yeah.  Either.

 15            MR. BALDUCCI:  Well, okay.  Or there’s a just a

 16  time of use component to the --

 17            MR. McDOWELL:  Right.

 18            MR. BALDUCCI:  -- to the energy price.

 19            MR. McDOWELL:  Right.

 20            MR. BALDUCCI:  Okay.  All right.  Yeah.

 21            COMMISSIONER CLODFELTER:  The question is

 22  should I just give up trying to sort of value anything

 23  other than arbitrage?

 24            MR. BALDUCCI:  Yeah.  I don’t -- you know, I
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 01  don’t know if -- so just a few things.  So, you know,

 02  sometimes it’s a requirement the solar, you know, the

 03  storage with the solar would be a requirement because it

 04  has a grid impact if you just have intermittent energy

 05  hitting the system.  Similarly, in the Pacific Northwest

 06  they will have to pay $15 per MWh for that solar that

 07  they produce if it’s above like 1 MW or something like

 08  that because the Bonneville Power Administration is

 09  effectively balancing that resource.

 10            I would say this, that there is additional

 11  value that could be generated.  How it would be captured

 12  typically is through third-party agreements with the

 13  utilities as opposed to, you know -- because, you know,

 14  it could provide some form of frequency regulation or it

 15  could provide a capacity benefit, right, because firming

 16  up that wind enhances its capacity.

 17            So there are -- there are a number of values

 18  that could be generated.  How you capture those values

 19  from a regulatory perspective, I mean, enabling the

 20  utilities to work with this third party to monetize it, I

 21  guess, and build it into their rates I suppose would be

 22  the way you do it.

 23            MR. McDOWELL:  Well, and you hit on part of

 24  that formula --

�0084

 01            MR. BALDUCCI:  Yeah.

 02            MR. McDOWELL:  -- earlier when you were talking

 03  about the intermittency and what role storage can play --

 04            MR. BALDUCCI:  Yeah.

 05            MR. McDOWELL:  -- in mitigating that, and

 06  that’s real here in North Carolina as well in terms of --

 07            MR. BALDUCCI:  Right.

 08            MR. McDOWELL:  -- recognizing that.

 09            MR. BALDUCCI:  But no one is penalized for

 10  making the situation worse?

 11            MR. McDOWELL:  In the avoided cost for the

 12  standard contracts, yes, there is a -- you could call it

 13  penalty or an opportunity there that --

 14            MR. BALDUCCI:  I see.

 15            MR. McDOWELL:  -- storage could play in.

 16            MR. BALDUCCI:  Uh-huh.  So could the Utility

 17  Commission work with the utilities to allow them to

 18  structure those avoided cost agreements differently to

 19  take advantage of those other value streams more

 20  extensively?

 21            MR. McDOWELL:  I think that’s part of the

 22  formula.

 23            MR. BALDUCCI:  Yeah.

 24            COMMISSIONER CLODFELTER:  I think that’s really

�0085

 01  what the gist of the question was looking for, is where

 02  do we enter -- where do we enter this to try to sort of

 03  tinker?  Do we enter it at the regulatory policy stage?

 04  Do we enter it at the contractual stage, which is really

 05  all we’ve got because we don’t have markets?

 06            MR. BALDUCCI:  Right.

 07            COMMISSIONER CLODFELTER:  So all we've got is

 08  the contract negotiation instead of the market.  Or is it

 09  something that requires technological retrofitting?  Or

 10  does it require all of those?

 11            MR. BALDUCCI:  Yeah.  I mean, I guess, you

 12  know, I’m not a regulatory expert.  Those were the last

 13  two people that were here.  But, I mean, it’s generally

 14  -- my conclusion is that there is more value that could

 15  be generated, but from a regulatory perspective you have

 16  to enable the contracts to capture those values.  So if

 17  you can do that, it seems like that would be the way to

 18  go.

 19            MR. McDOWELL:  So Patrick, obviously, there’s

 20  some robust modeling tools available --

 21            MR. BALDUCCI:  Yeah.

 22            MR. McDOWELL:  -- to you that have evolved over

 23  time and are utilized to do these assessments that you’ve

 24  highlighted here, whether it’s at Portland General or
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 01  some of these others.

 02            MR. BALDUCCI:  That’s right.

 03            MR. McDOWELL:  Part of what’s advanced, you

 04  mentioned operational knowledge --

 05            MR. BALDUCCI:  Uh-huh.  That's right.

 06            MR. McDOWELL: -- as contributing to that.  I

 07  read with interest on slide 27 the key lesson there, I

 08  think, is of interest, development of control strategies

 09  is required to obtain value in real time.

 10            MR. BALDUCCI:  That’s right.

 11            MR. McDOWELL:  We should not compete in

 12  developing real-time control systems; rather, we should

 13  propel the industry forward through development of

 14  advanced algorithms and this optimization performance

 15  enhancement tool.  Is that your tool or is that just a

 16  general --

 17            MR. BALDUCCI:  That’s our tool, yes --

 18            MR. McDOWELL:  Okay.

 19            MR. BALDUCCI:  -- that we developed under Dr.

 20  Gyuk’s program.

 21            MR. McDOWELL:  So a lot of these algorithms you

 22  have in place, you want to advance those and continue to

 23  utilize those both in these specific projects that you’re

 24  contracted to.  Is that knowledge transferable to all of
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 01  the states in terms of what the models can produce or do

 02  you have to go through your own pilot programs to

 03  understand this to develop models of what --

 04            MR. BALDUCCI:  Yeah.  So, you know, all the

 05  work we do is publicly available.  We’re a national

 06  laboratory.  We have to make it publicly available.  We

 07  can’t withhold the -- after all, the taxpayers paid for

 08  it.  Some of our tools are readily available in the

 09  public space, and you can sign an agreement, you know,

 10  just a legal agreement, it doesn’t cost anything, but --

 11  and utilize them, those it’s challenging, of course.

 12            You know, all these projects were -- almost all

 13  of these projects were funded through public entities,

 14  either the Department of Energy or through states, so

 15  there’s interaction that way.

 16            And then finally, you know, we do have, you

 17  know, regulatory funding as well to support, you know,

 18  states quite directly.  So Jeremy Twitchell was here

 19  previously.  He leads that space.  So through that

 20  program if you wanted to access our capabilities and, you

 21  know, we come back, we share more information, we share

 22  the algorithms, we work with you, that can be done.  And

 23  I think that there’s probably funding available to do

 24  that sort of thing.  I mean, that’s what we’re here for,
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 01  really, is to improve conditions throughout the country,

 02  level the analytical playing field, you know, demystify

 03  how these systems operate and help, you know, more

 04  widespread development to more efficiency on the grid, so

 05  yeah, we -- I’m confident we could help.

 06            CHAIR MITCHELL:  One question for you.  You

 07  mentioned in this -- I'm looking at your -- I guess it’s

 08  page -- slide number 7, but you mentioned for every 6 MW

 09  of renewables requiring at this point in time 1 MW of

 10  balancing.  How developed is that ratio?  Can you tell us

 11  just a bit about --

 12            MR. BALDUCCI:  It was -- it was a single study

 13  that we did --

 14            CHAIR MITCHELL:  Okay.

 15            MR. BALDUCCI:  -- about six years ago,

 16  actually.  And what we did was we modeled a 20 percent

 17  nationwide renewable portfolio standard.  So the idea was

 18  what if we had 20 percent renewable portfolio standard?

 19  Then we scanned the country.  Where would you put, you

 20  know, wind and solar to take maximum advantage of the

 21  wind speeds and the irradiation and all of those things.

 22  And then if you place that in those grids -- and we had,

 23  you know, WEC wide, Eastern Interconnect wide, and ERCOT

 24  wide production cost models, you know, what would you
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 01  have to do to maintain grid conditions at current levels,

 02  and then we established balancing resources required and

 03  then evaluated several different balancing resources,

 04  pumped-storage hydro, various battery systems, and

 05  combustion turbines.  And the battery systems then didn’t

 06  fair as well, but then forecast out to 2020 and, if

 07  anything, our forecasts were conservative.  They

 08  performed quite well.  So battery systems are very

 09  efficient doing that.

 10            But that was effectively -- so it was a

 11  nationwide study that we developed based on a modeling

 12  technique and an assumption of a 20 percent renewable

 13  portfolio standard.

 14            CHAIR MITCHELL:  Okay.

 15            MR. BALDUCCI:  Yeah.

 16            CHAIR MITCHELL:  Thank you very much.

 17            MR. BALDUCCI:  Uh-huh.  And once again, it was

 18  6 to 1 if you were starting from nothing, but given

 19  existing resources it was more like 10 to 1 because we

 20  had some balancing resources that weren’t fully called

 21  upon to provide this balancing, right, so on the margin

 22  we were saying 10 to 1, and that’s nationally, but it was

 23  broken down by region.  You'd have to look for the

 24  Southeast.
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 01            CHAIR MITCHELL:  Thank you.  Any additional

 02  questions from Commissioners?

 03                       (No response.)

 04            CHAIR MITCHELL:  Well, thank you, Mr. Balducci.

 05  We appreciate your time today.

 06            MR. BALDUCCI:   Yeah.  Thank you very much.

 07            CHAIR MITCHELL:  Okay.  And with that we will

 08  be adjourned for today.  We will convene again on

 09  Tuesday, January 21st, in this same room at 1:00 for our

 10  next series of presentations.  Thank you very much.

 11              (The proceedings were adjourned.)
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