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Abstract— this paper disc usses the financial

and technical principles underlying the levelized
cost (LC) method of computing the  cost
(US$/MWh ; €/ MW toring wind electricity
(LCOS) in bulk. The paper presents''a CL

algorithm . The algorithm equations are present = ed.
The algorithm uses nine recognized energy storage
system « (ESS) .specifications (specs) to compute
the levelized cost of the stored wind electricity.
Published spec values for the Eos Aurora® ESS
and for the Cabin Creek Pumped Hydro Storage
Plant are used in case studies to demonstrate the
algorithm . Other examples are provided. An
addendum case study for the proposed San
Vincent Pumped Storage Plant is  also presented.
For rapid computation , an Excel worksheet of the
LC algorithm is presented . The goal of this paper
is to present a standard computational algorithm
for financial analysts to use. A financial analyst

can do a LC computation based on the paper
nind ESS a |

LCOS al gorithm and on
specs. The p a pLEO®S slgorithm gives the
analyst who has the nine ESS spec values, a quick
“back of the envelope verification of a
devel opae fosthe levelized cost of bulk
stored wind electricity . A complication arises in

using this paper’s LC
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l. A UNIFORM METHOD FOR COMPUTING THE
LEVELIZED COST OF STORING WIND ENERGY

For this paper, both "back of the envelope”
simplicity and an accurate!? first approximation
of the cost (US$/MWh; €/MWh) of storing
wind energy in an bulk (grid-scale) energy
storage system (ESS) are the two criteria for
choosing a computational method. This paper's
levelized cost (LC) algorithm meets both

.criteria. The goal of this paper is to present a

L%OOrSiatlgRr'riﬁrhng based on generally accepted
inancial and engineering principles with a
recoghized uniform set of ESS specifications

(specs). Using this paper's LCOS algorithm,

al g or fremarechnigah mathematicgl) andcfinandiab n

perspective
2 read Section X, Results and a Complication
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financial analysts with the same ESS specs and
spec values® will always compute the same value
for the levelized cost of storage (LCOS)”. For
computational speed, the LCOS algorithm is
presented below on Table I, Excel LCOS
Algorithm Worksheet® (page 17 below). Table
IT presents the Table I algorithm equations
(page 19 below).

Readers who attended the WindEurope
Conference 2018 in Hamburg and who visited
my poster, know that my poster included Table
I but with the spec values and LCOS for both
the Eos Aurora® ESS and the Cabin Creek
Pumped Storage ESS.

Readers, who r‘equesTed6 the author's
WindEurope 2018 Conference LCOS Excel
Workbook, can follow this paper by entering
the nine ESS spec values on their Table | Excel
LCOS Worksheet ”.and seeing the results.

Readers should refer to Table I (page 19)
while reading this paper because this paper
discusses the ESS LCOS algorithm equations
and the nine ESS specs in Table I order.
Readers should also refer to Table IT (page 21),
Equations of th e Table | Excel LCOS Algorithm
Worksheet.

3 hereafter the spec value is referred to as a spec
unless it would be unclear whether the reference is
to a specific spec or to its value

* there is also the LCOE (the levelized cost of
energy). See reference [8]

5 hereafter, Table I.

® my webserver does not accept Excel files. Using my
email address michael@michaelstavy.com readers
can request a complimentary (Unentgeltlich) copy my
WindEurope 2018 Conference LCOS Excel Workbook
7 the Workbook includes: 1. Table I, Excel LCOS
Algorithm Worksheet (page 19), 2. an ESS
Comparison Worksheet that computes the
differences ( A) and the % difference (%A) between
2 ESS and 3. Table Ill , Sources for the Cabin Creek
Spec Values (page 25)
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Table T has the nine ESS specs used in the
algorithm. The values presented in this paper
are the publically reported specs of bulk scale
ESS. The author has developed any missing or
insufficient spec values.

The paper's LCOS algorithm gives the
private financial analyst who works for an ESS
developer® a tool to use with the developer's
internal bulk storage ESS specs to make a quick
"back of the envelope” confirmation of a
developer's energy storage cost (LCOS--
US$/MWh; €/MWh) [or for a first round
internal analysis of a proposed ESS]. Readers
can use this algorithm to estimate the LCOS of
adding a bulk ESS to a wind plant or to the grid
itself (with a PPA or as a merchant ESS plant).
A financial analyst can use this paper's LCOS
algorithm with a researcher's published
prototype ESS specs fo quickly compute the
prototype ESS LCOS.

The presentation of a public data base of
ESS specs for bulk ESS with different
technologies, technical maturities and functions
for use by an ESS developer® is not the primary
goal of this paper [1°. This author has the
much more modest goal of only presenting a
recoghized standard methodology, an accurate
"back of the envelope” LCOS algorithm.

Whichever ESS technology that is used, the
ESS cycle is the same (charging, storage,
discharging). This paper's LCOS algorithm is,

8 or for a bank, utility, independent power producer
(IPP), NGO, think tank, OEM, research institution,
angel investor, FERC, PUC, etc., etc.

% if reference [1] listed this paper's nine ESS specs
for each ESS, it would be one such data base. The
2010 EPRI data base is free. The 2011 EPRI version
costs US$2,500/copy (£2,159) and was not reviewed
by the author. The 2010 EPRI data base is a good
start, but it is not complete.
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except for CAES', ESS technology agnostic
(e.g. pumped storage, flywheel, capacitor,
hydrogen, “batteries of various chemistries”
[e.g. Pb-a, NaS, NiMH, Zn, Zn-air, Li- ion]).

Bulk (utility-scale) ESS can be engineered to
provide energy storage and/or ancillary grid
services (voltage and frequency control and
reactive power [var]) behind the fence or on
the grid. This paper’s algorithm only computes
the LC (US$/MWh; €/MWh) of storing the
wind electricity. It does not compute the LC of
an ESS that is designed to primarily provide
ancillary services to the grid™.

To use this paper’s financial algorithm on the
Table I Worksheet, the analyst must obtain
and/or develop quantitative values for the
algorithm's nine required ESS specs. The Eos
Aurora® is the first ESS case study®
presented in this paper.

Eos _Energy Storage, a 'manufacturer of
utility-scale ESS plants reported [2] that it's
Eos Aurora® (a utility-scale [1 MW | 4 MWAh]
DC battery ESS) is "a low-cost DC battery
system specifically designed to meet the
requirements of the grid scale energy storage
market"”. Eos Aurora® ESS spec values are used
on Table I to demonstrate the paper's LCOS
algorithm.

The Cabin Creek Pumped Hydro Storage
Plant [3] is a utility-scale [300 MW | 1,450
MWh] Pumped Storage Plant in Clear Creek

10 the LCOS algorithm must be modified for the NG
used in a CAES. Contact the author concerning this
modification.

! the LCOS algorithm must be modified to compute
the cost of providing ancillary grid services. Contact
the author concerning this modification.

12 the author earned his Northwestern MBA in the
Day Program at Kellogg (1969) when the case
approach was used
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County, CO USA owned by Xcel® Energy
[formally Public Service of Colorado [PSOC].
Section IX is a case study of how the reader
(financial analyst) obtains (develops) the nine
required Cabin Creek ESS specs from different
data sources for entry on Table I.

For more practice with this paper's LC
algorithm, an addendum case study of the San
Vicente (a proposed utility-scale [500 MW |
4,000 MWh] Pumped Storage Plant in San Diego
County, California USA is presented on page 15.
The San Vicente Project is to be developed and
owned by the San Diego County Water
Authority and the City of San Diego).

For even more practice, a second addendum
case study of the just proposed Hoover Dam
Pumped Hydro Storage Plant (downstream from
Hoover :Dam on the US Colorado River) is
presented on page 16.

My WindEurope 2018 Conference Poster
included a Table T with two columns allowing the
spec values and the LCOS computation to be
shown at the same time for both the Eos
Aurora® ESS and for the Cabin Creek ESS.
This paper's Table I (page 19) only has one
column for the spec values and for the LCOS
computation but it also has columns where the
US$ values are converted into Euro values.

Worksheet Lines 1-9 are the nine ESS
specs which are the independent variables that
the LCOS algorithm requires. The financial
analyst can enter their own values for each of
the nine ESS specs. Lines A—O are the
dependent variables that the LCOS algorithm
then computes using the equations in Table II.

13 readers should not confuse Xcel, the Colorado
Power Company, with Excel, the Microsoft Office
Worksheet App

WindEurope 2018 Conference, 25-28 September, Hamburg, Germany
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Il.  FOREIGN EXCHANGE

Certain US$ worksheet values are converted
[4] into € for readers who work in €. Line FX,
US$/€" exchange rate, is US$1.15771/€.
This was the 21 June 2018 foreign exchange
(FX) rate reported at Oanda [5]. On Line FX,
the reader can enter their own value and the
date for the US$/€ exchange rate.

I1l.  ESS PLANT CAPEX

Bulk ESS electric storage capacity is
measured in MWh/day while discharge power is
measured in MW™. The ESS storage duration
(output hrs at full power), the alternative
energy capacity spec, is computed. In the
algorithm, duration is a derivative spec. A short
duration is a characteristic of an ESS that is
designed to primarily supply ancillary services
to the grid. The current industry convention is
to price ESS CapEx interms of energy storage
capacity; . US$/kWh_(€/kWh) US$/MWh
(€/MWHh). By comparison, a wind, PV, or thermal
power plant CapEx is priced in terms of the
cost of power output; US$/MW (€/MW);
US$/kW (€/kW). The ESS CapEx is the result
of the cost of manufacturing (engineering,
procurement, constructing, and installation) a
particular ESS with its specific technology,
power (MW) and energy storage (MWh) specs.

The Eos Aurora® ESS specs are used on
Table I to demonstrate the paper's LCOS
algorithm.

The Eos Aurora® ESS [2] has 1 MW of

1 all monetary units (US$, €) in Sections I-VIII are
in 2017 values. Section IX has monetary units in both
1967 and 2017 monetary values

5 bulk ESS may provide their specs in terms of
power (MW) and duration (output hours at full
power) instead of in MWh/day
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power and 4 MWh of energy storage capacity.
The Eos Aurora® ESS 4 hour duration (a 4:1
capacity to power ratio) is good. For certain
battery ESS, once an ESS  has its
charging/discharging powertrain capacity (MW)
and control system installed, adding extra
energy storage (MWh) [or duration] increases
the ESS storage to power ratio while reducing
the powertrain's fixed cost on a US$/MWh
(€/MWh) basis and, therefore, the Total ESS
Plant CapEx (Line B).

Worksheet Line 1, ESS Power Output, is 1
MW. Line 2, ESS-Daily Energy Storage
Capacity, is 4 MWh. Line A, ESS-Yearly Energy
Storage Capacity, is 1,450 MWh/year. Line A is
Line 2 multiplied by 365'.

Line 3, ESS  CapEx-US$/kWh, s
US$160kWh (€138) ($160,000/MWh)
(€138,204). For large orders (> 40 MWh), the
Eos Aurora® ESS is priced at US$160/kWh
(€138) [2]. ESS CapEx is currently priced in
US$/MWh," US$/kWh, €/MWh or €/kWh.
This Eos Aurora® ESS US$160/kWh price is a
la carte , not all-inclusive, but is useful here to
demonstrate the LCOS algorithm. Refer to
Section IX (page 9) for how an all-inclusive
price of US$400/kWh (€346) for a utility-
scale (> 40 MWh) Eos Aurora® | Northern
Power ESS is obtained (developed).

US$/kWh (US$/MWh) is a key CapEx
specification for both the ESS and the electric
vehicle (EV) battery. Reference [6] reported
that EV batteries were in the US$270-
US$300/kWh range (€233-€259/kWh).
Reference [7] reported that the new Tesla
Gigafactory will be able to manufacture EV

18 A 4 hour duration could allow the Aurora® to have
2 storage cycles a day. The next version of my LCOS
algorithm will add this additional spec. Readers
should be able to design a work-around. The author is
available to discuss a work-around with clients.

WindEurope 2018 Conference, 25-28 September, Hamburg, Germany
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batteries for US$100/kWh (€86). Reference
[7] reported that the Li-ion battery cost fell
from US$1,000 (€814) in 2010 to US$209/kW
(€181) in 2017.

Line B, Total ESS Plant CapEx-US$/ESS
Plant", is US$640,000/ESS Plant (€552,815)
for one complete Eos Aurora® ESS plant. Line B
is Line 2 multiplied by Line 3. For comparison,
this author estimates that the CapEx of a new
US on-shore utility-scale wind power plant is in
the range of US$1,500,000-
US$1,250,000/MW  (£1,295,661-€1,079,718)

(US$1,500-US$1,250/kW) (US$1.50/W-
USs$1.25/W).
IV. THE CoST OF THE STORED WIND

ELECTRICITY (COSE)

Line 4, ESS Round Trip Efficiency- [n], is
75%:The Eos Aurora® ESS [2]round trip n-is
reported to be 75%. ESS n is the % of the wind
electric energy (MWh) put info the ESS that is
later taken out of the ESS and then put back
on to the grid as stored wind electricity. The
higher the ESS n, the lower the energy loss
from storing wind electric energy. Increasing
ESS n does not increase the MWh/yr put back
on to the grid. It reduces the MWh/yr that
has to be put into storage and then taken from
storage to get the specified MWh/yr put back
onto the grid. If we assume the impossible,
that the ESS n = 100%, the ESS will have no
energy loss.

Line B, Cost of the Wind Electricity (COE)-
US$/MWHh, to be stored, is US$50.16 (€43.33)
(US¢5.02/kWh). This represents the cost of

17 when the Total ESS Plant CapEx is the published
spec; dividing this value by the energy storage
capacity kWh/day (MWh/day) computes the
US$/kWh (US$/MWHh) spec. This isan 0 o fthfe -
wor ksheet; back oifputatior.
Page 5 of 31

wind electricity (COE) sold wholesale to load
serving entities (utilities) under a long-term
contract (PPA) from a utility-scale wind power
plant. Using the  worksheet in [8],
US$50.16/MWh™ is the computed levelized
cost of electricity (LCOE) generated, without
subsidies, at a hypothetical new Illinois (USA)
100 MW wind plant with the following specs;
wind  plant  CapEx:  (US$1,500,000/MW)
US$1500/kW [author's estimate]; Annual
Fixed O & M Cost: 3% of CapEx [same value as
entered on the Table I]; Variable O & M Cost:
US$1.00/MWh [same as Table I]; Physical life:
25 years [wind plants are warranted for 10
years; author]; Interest/ROE Rate: 8% [same
as Table I]; Wind Plant Capacity Factor: 34.4%
[author's estimate for wind in Illinois-the
Prairie State].

If fossil electricity® is stored in an ESS and
if the fossil electricity COE is put on Line 5,
the LCOS worksheet will then compute the
LCOS for the fossil electricity.

Line C, Cost of the Stored Wind Electricity
(COSE)-US$/MWh, is US$66.88 (£57.77)
(US¢6.69/kWh). This is Line 5 divided by Line
4. Because of the ESS n loss, the cost of the
stored electricity (Line C) discharged from the
ESS is always greater than the cost of the
electricity that charges the ESS (Line 5).

Line D, Extra Cost of the Stored Wind
Electricity-(COSE-COE)-US$/MWHh, is
US$16.72 (€14.44) (US¢1.67/kWh). Line D is

18 Bloomberg [9] reported that the benchmark global
LCOE for onshore wind was $55/MWh

19 a revised unpublished version of the author's 2002
JSEE algorithm [8] computes the LCOE for wind
electricity

20 Cabin Creek Pumped Storage Plant originally stored
PSOC fossil electricity generated at night and then
discharged it during the day when the load was

e n v e bregpee. This was cost effective for PSOC.

WindEurope 2018 Conference, 25-28 September, Hamburg, Germany
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Line C minus Line 5. This is the extra cost of
the stored wind electricity because of the ESS
n loss. The higher the ESS n, the lower the
energy loss from storing wind electricity and,
therefore, the less is the extra cost of the
stored electricity. If we again assume the
impossible, that the ESS n = 100%, the ESS will
have no energy loss and the COSE will equal
COE and Line D will be zero. Even if
hypothetically, the ESS n = 100%, the LCOS will
always be greater than the COE because of the
ESS capital amortization, interest expense and
O & M costs.

Line E, % Increase in the Cost of the Stored
Wind Electricity, is 33%. Line E is Line D
divided by Line 5. Line E is the extra cost of
the stored the wind electricity as a % of the
original COE.

V. ESS OPEX AND CAPITAL COSTS

There are 'many physical, mechanical,
electrical, IT and electronic’ components in.a
bulk ESS that must be operated and
maintained (O & M). There are also the fixed
costs for an ESS project (project
administration, maintenance labor, legal,
regulatory and accounting fees, insurance, real
estate taxes, etfc., etc.). Therefore, an ESS
has fixed [Lines 6, F & J] and variable [Lines 7
& K] non-electric energy O & M costs. These
costs are included in the computation of the
LCOS.

The Annual ESS Fixed O & M Cost (Line F) is
computed to be a % of Line B, Total ESS Plant
CapEx. Line 6, Annual Fixed O & M Cost-% of
Line B, is $%. This is the author's estimated
value. Line F, Annual Fixed O & M Cost-
US$/yr, is US$3,200 (€2,764). Line F is Line B
multiplied by Line 6. Line 7, ESS Variable O &
M Cost-US$/MWh, is US$1.00 (€0.86). This is
the author's estimated value.
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Line 8, Physical Life of the ESS, is 20 years.
In one Eos Aurora® ESS [2] sales brochure,
the physical life was reported to be 20 years
while in another it was reported to have a 15
year life and in another a 30 year life. A 20
(30) year life requires the purchase of an
optional 20 (30) year warranty. Wind turbines
are usudlly warranted without any $ (€) add-ons
for 10 years, but may turbines have been
operating for 20-30 years (so far).

Line 9, Interest/ROE Rate, is 8%. This is
the author's estimated value. This is the cost
(as a %) of the invested capital (Line B) that
the ESS plant owner either provides (equity) or
borrows (debt) in order to own the ESS plant.
This spec is also known as the refurn on assets
(ROA) or as the internal rate of return (IRR)?.
An ESS has a physical life (Line 8). During its
physical life, as the ESS operates by first
storing and then by releasing the stored
electricity, Line B, Total ESS Plant CapEx,
must be recovered (depreciation) and the cost
of capital (Line 9) for using the invested capital
must be paid. If borrowed money is used fo
construct the ESS, the cost of borrowing the
money is called the lender's interest. If the
ESS owner uses their own money to construct
the ESS, the cost of using the owner's money is
called the return on owner's equity (ROE). The
cost of capital (Line 9) is a weighted average
percent for both the lender's interest and for
the owner's ROE. Let us hypothesize that the
ESS debt/owner's equity ratio is 1:1; the
interest on the debt is 6% and the required
ROE is 10%; then the weighted average
Interest/ROE Rate is 8%%°.

2! Keynes [10] ,the non-monetarist, called this the
internal rate of return (IRR)

22 if the debt/ROE ratio is 2:1, then the weighted
average Interest/ROE is 7.33%

WindEurope 2018 Conference, 25-28 September, Hamburg, Germany
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Line G, the Capital Amortization Factor-CAF,
is 0.1019. This is the end of year annual
payment computed for a financial annuity having
US$1.00 as the principal borrowed, a loan
period of 20 years (Line 8) and an interest rate
of 8% (Line 9).

Line H, Annual Capital Amortization (ACA)-
US$/year, is US$65,185 (€56,305). Line H is
Line B multiplied by Line 6. The levelized cost
method uses a financial annuity o compute Line
H. The ACA-US$/yr is one constant yearly
payment for both the depreciation of Line B
and for the payment of Interest/ROE (Line 9)
over the physical life of the ESS. This level
(constant) capital amortization payment gives
the method its name. The first year's payment
is almost all Interest/ROE, while the last year's
payment is almost all depreciation.

VI. .COMPUTING THE LEVILIZED. COST OF THE
STORED WIND ELECTRICITY-US$/MWH (LCOS)

oW

Line M is the worksheet's "bottom line". Line
M, Levelized Cost of the Stored Wind
Electricity-LCOS-US$/MWh, is US$114.71
(€99.09) (US¢11.47/kWh).

The LCOS is the sum of Lines I +J + K + L%,

Line I, Annual Capital Amortization (ACA)-
US$/MWh, is US$44.65 (38.9% of the LCOS).
Line I is Line H divided by Line A.

Line J, Fixed O & M Cost-US$/MWh is
US$2.19 (1.9% of the LCOS). Line J is Line F
divided by Line A.

Line K, Variable O & M Cost-US$/MWh, is
US$1.00 (0.9% of the LCOS). Line K is the value
transferred from Line 7 above.

23 for the reader who prefers the algorithm
equations, refer to Table IT, page 21
Page 7 of 31

Line L, Cost of the Stored Wind Electricity-
COSE-US$/MWh, is US$66.88
[US¢6.69/kWh] (58.3% of the LCOS). Line L is
the value transferred from Line C.

The algorithm computes the Eos Aurora® ESS
LCOS to be US$11472/MWh (€93.43;
US¢11.47/kWh). US¢11.47 is a good price for
peak power in many US wholesale energy
markets. Reference [2] stated that the Eos
Aurora® ESS with a 30 year life** can provide
peak electricity at a levelized cost of US¢12-
17/kWh (US$120-170/MWHh). The LCOS
algorithm computed®” the LCOS to be just
below the manufacturer's published range for
the Eos Aurora® ESS Plant?® LCOS.

VIl. COMPUTING THE LEVELIZED EXTRA COST
(MC) oF STORING WIND ELECTRICITY (LECOS)

Line N, Levelized Extra Cost (LECOS) of the
Stored Wind Electricity-LECOS-US$/MWh,is
US$64.56 (€55.76) (USE6.46/kWh). Line N
(LECOS) is Line M (LCOS) minus Line 5 (COE).
Line N is the line "after the bottom line". Line
N is the marginal cost (MC) of the energy
storage. The marginal revenue (MR) earned
storing the wind electricity must be equal fo or
greater than the MC (Line N).

Line O, % Increase in the Cost of the Stored
Wind Electricity, is 129%. Line O is Line N
divided by Line 5. Using the Eos Aurora® ESS
to store wind electricity adds 129% to its cost.

If, however, the Eos Aurora® ESS is put
"behind the fence" by the owners of a utility-

24 not the 15 or 20 years as previously reported

%5 ysing the a la carte (and not an all-inclusive US$
160/kWh) for the Eos Aurora® ESS Plant CapEx and
a 20 year life

26 the industry convention is o refer to a smaller
ESS as just an ESS while bulk ESS are referred to
as an ESS plant

WindEurope 2018 Conference, 25-28 September, Hamburg, Germany
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scale wind plant, then, to avoid double counting,
only the extra cost (MC) of the energy storage
should be considered, that is the LECOS. If
this utility-scale wind plant operates as a
merchant plant instead of as a wind plant under
a long term PPA, then an Eos Aurora® ESS can
store the wind energy until the wholesale price
of electricity is equal to or greater than Line N,
LECOS. Any time that the wholesale price is
above its COE, the utility-scale wind plant
should sell its power to the grid. It can also
delay sales until the wholesale price is above
the COE plus the LECOS. Because of the
intfermittence of wind electricity, a "behind the
fence” Eos Aurora® ESS gives some firm
capacity (and perhaps capacity payments) to a
utility-scale wind plant.

On Table I readers will find a second
computation of Line N, Levelized Extra Cost of
the Stored Wind Electricity-LECOS,-
US$/MWh, with the same/ computed value
US$64.56. This is because the LECOS, can also
be computed as the sum of Lines I +J + K + D.

Line I, Annual Capital Amortization (ACA)-
US$/MWh

Line J, Fixed O & M Cost-US$/MWh
Line K, Variable O & M Cost- US$/MWh

Line D, Extra Cost (COSE-COE) of the
Stored Wind Electricity-US$/MWh.

Finally, Table I has Line Q, Total ESS Annual
O & M Cost-US$/yr with a check (V) value of

27 For the reader who prefers the algorithm
equations, refer to Table II, page 22, Line N, where
LECOS, = LECOS;
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$4,660 (€4,025). This is the sum of Lines F

plus Line P.

Line F, Annual Fixed O & M Cost-US$/yr- is
Line F transferred.

Line P, Annual Variable O & M Cost-US$/yr
is Line 7 times Line A.

This is a check (V) value for the reader to
check against published (or internal) Actual
Total Annual ESS O & M Costs. Willa1l MW | 4
MWh Eos Aurora® actually require $4,660 in
total O & M costs each year? This is what this
paper's LCOS algorithm computes. If not, how
do the spec values have to be changed?

VIIl. THE EFFECT ON THE LCOS FROM CHANGING
ONE OR TwoO ESS SPeCc VALUES WHILE KEEPING
ALL THE OTHER ESS SPEC VALUES THE SAME

If the new Tesla Gigafactory [7] is able to
manufacture Powerpack®  (utility-scale Li-ion
batteries ESS) for US$100/kWh (€81/kWh)
(US$100,000/MWHh) and if all the other Tesla
Powerpack® specs are the same as the Eos
Aurora® ESS specs are on Table I, then Line B,
Total ESS CapEx, is reduced from US$640,000
to US$400,000 (€552,815 to €345,510) [37.5%
reduction]?® and, Line M, the LCOS, is reduced
from Us$114.71 to US$97.15/MWh
(USE9.71/kWh)  (£99.09 to £€83.92/MWh)
[15.3% reduction]. Readers should understand
that the Tesla US$100/kWh Powerpack®
battery cost is also an a la carte , not an all-
inclusive, price for a completely constructed
and installed utility-scale Powerpack®.

% Readers who requested a complimentary copy of my
WindEurope 2018 Conference LCOS Excel Workbook
can use its ESS Comparison Worksheet to compute
values for differences and for % differences. The
author is available to help clients use this
Worksheet. Contact the author at
http://goo.9l/Dg3bcs
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If a hypothetical US bulk ESS tax incentive
allows Line 9, Interest/ROE, to be reduced
from 8% to 6% [25% reduction], and if all the
other Eos Aurora® ESS specs stay as they
originally were on Table I, then Line H, Annual
Capital Amortization ~ACA-US$/yr, is reduced
from US$65,185 to US$55,798 [14.4%
reduction] and Line M, LCOS of the Aurora ESS
is reduced from Us$114.71 to
US$108.90/MWh (€94.07) [5.6% reduction].

If the Eos Aurora® ESS batteries are now
also manufactured at US$100/kWh, if the
Interest/ROE is now also 6%, and if all the
other Aurora ESS specs stay as they originally
were on Table I, then the Aurora ESS Line M,
LCOS, is reduced from US$11471 +to
US$93.13/MWh (£80.44) [18.8% reduction].

Readers can enter the alternative specs
presented in this section (VIII) on their
downloaded ' ESS  Comparison Worksheet | to
confirm the author's results.

IX. A CASE STUDY—OBTAINING (DEVELOPING)
THE VALUES FOR THE NINE ESS SPecs FROM ESS
SPECS FOUND IN DIFFERENT DATA SOURCES IN
ORDER TO COMPUTE THE LCOS AT CABIN CREEK

To use this paper's LCOS algorithm to
compute the LCOS at Cabin Creek, the financial
analyst must obtain quantitative values for the
nine required Cabin Creek EES specs. An
internal financial analyst may have to confirm
their internal spec values.

This is a case study of how to obtain (or
develop) Cabin Creek's nine required ESS spec
values. Getting good numbers®3° is a challenge

29 A financial analyst working for an ESS developer
(IPP, bank, utility, OEM, EPC Contractor, FERC [US
Federal Energy Regulatory Commission], PUC [a US
state utility commission]) must also decide whether
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in all of renewable energy finance. Financial
analysts following the digital movie industry
have the same problem that you, the reader,
and I, the author, have in this case study. The
Wall Street Journal [12] reported that there
are “no third parties® tracking the digital movie
business making exact figures impossible to
obtain".

Readers should enter the nine Cabin Creek
spec values obtained (developed) in this section
on their Table T Excel Worksheet and check
the results. After finishing this paper, the
reader should be able to start to obtain
(develop) their own ESS spec values, enter
these values on their Table I Worksheet (or on
their ESS Comparison Worksheet ) and check
their results.

Below on Table IITI, Sources for the Values
of the Nine Cabin Creek Specs, (page.25) and
in Table T order, the paper presents the nine
required Cabin Creek spec values with an
explanation ‘of how the author used different
data sources and his analysis to obtain (develop)
each spec value.

Line 1, Cabin Creek Power Output, is 300
MW. Using a conservative approach, the
Compendium[13] value was entered. This is not
the same value as reported by Xcel (PSOC)*
[3], B Cotie [14] or by US DOE [15].

or not the spec values found on their internal
documents are limited or insufficient.

30 Keynes [10], for example see Vol. IT, pages 8, 76,
97, 353, etc., also reported that he had difficulty
getting the numbers for his Treatise on Money

31 Hollywood, like Keynes, had difficulty getting good
numbers

32 Reference [3] reported 324 MW of power output
at the Cabin Creek ESS. It did not report the Cabin
Creek energy storage capacity (MWh/day) but it did
report a 4 hour duration, which is 1,296 MWh/day
(324 x 4).
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Line 2, Cabin Creek-Daily Energy Storage
Capacity, is 1,450 MWh. Using a conservative
approach; the Compendium [13] value was
entered. This is not the same value computed
by B Cotie [14] or reported by Xcel [3] or US
DOE [15].

Line A, Cabin Creek-Yearly Energy Storage
Capacity, is 529,250 MWh/year. This is 1,450
MWh/day X 365 day/yr.

Line 3, Cabin Creek CapEx-2017 US$:,/kWh,
is US$17283/kWh333* (€244.45)
(US$:1,$283,000/MWh). This is an all-inclusive
cost. (ne pas a la carte®* pricing here). The
Compendium[13] 1967 value of US$¢7 105/kWh
was adjusted for 50 years of inflation (PPI*)
at 5%/yr*® and with -3%/yr adjustment for 50
years of increases in the productivity®® (MPP)
of pumped storage plant  construction
technology {EPC--engineering, procurement, and
construction}. Neither B Cotie [14] nor US DOE
[15] had a CapEx-US$/MWh 1967 value
(US$67kWh), 2013 value (US$13kWh) [14] or
2017 value (US$17kWh) [15]

This Cabin Creek Case Study will now take a
break and go back to the Eos Aurora® ESS
case study.

33 Reference [16] page 13 lists $1,500/kWh (€1,296)
(US$1,500,000/MWHh). This value will be used below.
3 the proposed San Vincente pumped storage plant
on page 15 has a US$13250/kWh CapEx.

% the € did not exist in 1967

% no “ala carte" pricing here. Is the author's
French getting better?

37 Producer’s Price Index

38 if a 6%/yr PPI is used, the computed CapEx-
US$17/kWh is US$460.31

%9 the “technical productivity” of the operating Cabin
Creek Pumped Hydro Storage Plant is its round trip n
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Everybody knows*® that pumped hydro is the
least cost bulk (utility-scale) ESS. The a la
carte Line 3, ESS Plant CapEx, US$17160/kWh
used on Table I for the Eos Aurora® ESS only
includes [2] "the full DC system including the
batteries mounted and wired, the energy stack
outdoor-rated enclosure  and battery
management system (BMS)“. This author has
concluded that the price does not include the
energy stack skins, base plates, warranties > 1
year, [a 20-30 year life requires an add-on 20-
30 year warranty], 80% capacity guarantee
[also a US$ (€) add-on], power control systems,
engineering,  procurement of all ESS
components, CapEx of all other ESS
components, construction [another major cost]
of the ESS and shipping charges.

EOS and Northern Power Systems
announced [17].an all-in (all-inclusive; ne pas a la
carte ) price of less than US$:; 400/kWh for a
fully integrated utility-scale ESS using the Eos
Aurora® DC battery system and Northern
Power's Wind Turbines.

Computing the Eos Aurora® | Northern
Power ESS LCOS by replacing the ESS CapEx
of US$160/kWh (Line 3) with US$:; 400/kWh
[150% increase] and by replacing the 20 year
Physical Life (Line 8) with 30 year Life [50%
increase] and while leaving the seven other
specs the same as they originally were on Table
I, Line M, LCOS, now computes to be
US$170.70/MWh (€147.45) (US¢17.07/kWh)
[48.8% increase] compared to the original
(Table I) LCOS values of US$114.71 (€99.08)
(US¢11.47/kWh).

This break in the Cabin Creek Case Study
will now end.

40 attributed to Leonard Cohen
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Line B, Total Cabin Creek ESS Plant CapEx is
computed by the algorithm to be US$:;
410,350,000/ESS  (€354,449,732.66). This
US$17 value for a 300MW | 1,450 MWh utility-
scale pumped storage plant is an “in the ball
park”! number* for proposed [18]" new US
utility- scale pumped storage plants.

Line 4, Cabin Creek Round Trip Efficiency
[n], is 80%. The Compendium [13] gives the
average GWh/yr pumped to be 116 and the
average GWh/yr generated to be 75. On Table
ITT, n was computed to be 65%, which is also in
the high range of Figure 3, Pumped Storage
Plants vs Time (yrs), in [13]. However, this
author has used a Bayesian estimate of 80%**
because an n of 65% does hot reconcile with
the Line A value. A 1,450 MWh ESS will
discharge 529 GWh/yr; not 75 GWh/yr. Cotie
[14] states that the water turbine efficiency
(n) will be increased from 86% to 91%. US DOE
[15] did not report an n.value.

Line 5, Cost of the Wind Electricity (COE) to
be stored, is US$50.16 (€43.96)
(US¢5.02/kWh). This is same value that was
originally used for the Eos Aurora® ESS on this
paper's Table I.

Line 6, Annual Fixed O & M Cost-% of Total
Cabin Creek CapEx, is 3%. This is the same

1 Total ESS CapEx (US$/ESS Plant) is not a
frequently published spec but developer's (IPP's,
banker's, utility's, OEM, EPC contractor's, FERC, PUC,
angel investor's) internal documents would include
this value.

2 subject to verification by the author and by, you,
the reader

3 there are many proposed US utility-scale pumped
storage plants but none have been constructed in the
last 10 years.

4 Reference [16], page 5, reported 80%; so did EPRI
in reference [1]
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value that was originally used for the Eos
Aurora® ESS on this paper's Table I.

Line 7, Cabin Creek Variable O & M Cost-
US$/MWh, is US$1.00 (€0.81). This is the
same value that was originally used for the Eos
Aurora® ESS on this paper's Table I.

Line 8, Physical Life of Cabin Creek, is 100
years. The Eos Aurora® ESS [1] physical life
was originally 20 years but is now 30 years
based on [17]. Wind turbines are warranted for
10 years. The Compendium[13], Cotie [14] and
US DOE [15] all reported that* at as of 2017,
Cabin Creek should operate for 50 years. The
author added 50 more years.

Line 9, Interest/ROE Rate, is 6%. An 8%
return on assets was used for the Eos Aurora®
ESS (Table I). Xcel Energy (PSOC) is a
vertically integrated US investor owned utility
(IOV) in Colorado, a regulated state with' no
retail competition. In today's* US financial
market,” Xcel should earn*” 6% on the Cabin
Creek Plant asset value. Cabin Creek is a
regulated “"power generating” asset. This is the
author's estimate.

For Cabin Creek, Line M, Levelized Cost of
the Stored Wind Electricity-LCOS, is
US$114.23/MWh (£€98.67) (US¢11.42/kWh). By
coincidence, this value is almost the same as
the Table I Aurora® ESS LCOS value of
$114.71/MWh.

The Eos Aurora® | Northern Power ESS
LCOS was computed to be US$170.70/MWh
(€147 .45). The Cabin Creek LCOS is 49.4% less.

5 should have a 50 year life
4 July 2018
7 until Cabin Creek is completely amortized
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Xcel is storing its own renewable electricity
generation® at Cabin Creek. To avoid double
counting the cost of the electricity (COE) to be
stored, only the levelized extra cost (MC) of
storing the electricity (LECOS) should be
considered when deciding whether to store
wind energy at Cabin Creek or to directly
dispatch it**. When the market price of wind
generation is below zero®, the decision to store
the wind power is easy.

Avoiding double counting is done by using
Table I, Line N, Levelized Extra Cost (LECOS)
of the Stored Wind Electricity-US$/MWh. The
algorithm computes the LCOS and then
subtracts the COE to compute the LECOS for
wind electricity.

With the nine spec values listed above, the
algorithm computes the Cabin Creek Line N,
Levelized Extra Cost (LECOS) of the Stored
Wind. Electricity to be US$64.07 (£55.34)
(USt6.41/kWh).

For readers who have the Table I Excel
Worksheet, here are the Line N check numbers.

Line N is the sum of

Line I, Annual Capital Amortization (ACA)-
US$/MWh, US$46.66 (72.8% of the LECOS).

Line J, Fixed O & M Cost-US$/MWh is
US$3.88 (6.1% of the LECOS).

Line K, Variable O & M Cost-US$/MWh,
US$1.00 (1.6% of the LECOS).

48 mostly wind, but also PV

9 utility-scale wind dispatch depends on the time of
day, the wind plant's instant capacity factor, the
current grid load and the wholesale price. Wind
needs storage because of its intermittency and
because it cannot follow the grid load.

% or when wind is being curtailed by the grid
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Line D, the Extra Cost (COSE-COE) of the
Stored Wind Electricity-US$/MWh, US$12.54
[US¢1.25/kWh] (19.6% of the LECOS).

Dear reader, the case study is now done. You
can enter on your Table T Worksheet, the Xcel
[3] specs (324MW | 1296MWh), or you can
enter the spec values that you have developed.
You can change your spec values and study the
results. This case study has been presented to
show you how to develop realistic spec values
and how to understand the paper’s algorithm.

X. RESULTS AND A COMPLICATION

The paper first presented the LCOS
algorithm on Table I with Eos Aurora® spec
values. Eos Aurora® LCOS was first computed
to be US$114.72 (£99.09).

In_the case study, this paper discussed
obtaining (developing) Cabin Creek's nine ESS
specs, including its US$17 283/kWh CapEx spec
(€244.45) (US$283,000/MWh). With a US$
283/kWh CapEx, Cabin  Creek's LCOS was
computed to be US$114.23 (€98.67).

In the Cabin Creek case study, this paper
discussed obtaining (developing) the CapEx-
US$17/KWh using a 5% PPI. If a 6% PPI is used,
the computed CapEx-US$17/KWh is US$460.31
(€397.60)** and, if the eight other Cabin Creek
specs remain unchanged, the Line B Total Cabin
Creek ESS Plant CapEx is US$667,449,500
(€576,525,641) and LCOS is US$145.90
(€126.02) which is 21.7% greater™.

3 Use the ESS Comparison Worksheet in my
WindEurope 2018 Conference LCOS Excel Workbook
to compute the values for differences and %
different. The author is available to help clients use
this ~ Worksheet. Contact the author at
http://goo.gl/Dg35¢s
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If the reference [16] ESS CapEx spec
value®®  US$  1,500/kWh  (€1,296/kWh)
(US$1,500,000/MWHh) is now substituted for
the US$283/kWh CapEx and if the eight other
Cabin Creek specs remain unchanged, the Cabin
Creek LCOS is now computed to be US$331.55
(€286.38) (USt33.16/kWh). The Cabin Creek
LCOS is now 65.5% greater than with a US$
283/kWh CapEx.

During the “break” in the Cabin Creek case
study, the LCOS computation for the Eos
Aurora® | Northern Power ESS with a US$
400/kWh CapEx, a 30 year life and with the
seven other Table I specs remaining unchanged,
was US$170.70 (€147.45) (US¢17.07/kWh).
Cabin Creek's LCOS with the US$ 1,500/kWh
CapEx is now US$331.55/MWh or 485%
greater.

Compared to- the original Table I Eos
Aurora®  LCOS of  US$11471 (€99.09)
(US¢11.47/kWh), Cabin Creek's LCOS with the
US$ 1,500/kWh CapEx is now 65.4% greater.

Since everybody knows® that pumped
storage is the least expensive ESS, it makes no
sense to compute the Cabin Creek LCOS based
on a US$ 1500/kWh CapEx. The computed
LCOS is greater than both the Table I Eos
Aurora® LCOS and the Eos Aurora® | Northern
ESS LCOS with either of the CapEx used
above.

This paper's LCOS algorithm does not
determine which ESS specs or which computed
LCOS makes technical and financial sense and
which are nonsense®®. This is determined by the

%2 an undated white paper

%3 Lenard Cohen again

>* garbage; irrational; not realistic; not factually
correct; of f base
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reader (yes, you!® this paper's LCOS algorithm
user) based on your knowledge of current ESS
specs and on your knowledge of which computed
ESS LCOS make sense.

Will a US non-carbon restrained wholesale
market pay for the LECOS of storing wind
energy? Does the US$¢6.46/kWh, Table I Eos
Aurora® LECOS, make sense in today's energy
market? How about the US¢6.41/kWh Cabin
Creek LECOS with the original US$17 283/kWh
CapEx? Before you say NO, you should realize
that Cabin Creek, in a non-carbon constrained
wholesale market, has now been in actual
operation for more than 50 vyears. An
explanation of this is beyond the scope of this
paper.

A nonsensical®® output can be caused by a
nonsensical®® input or, “heaven forbid dear
reader”, by this paper's LCOS algorithm having
a technical, financial, algebraic or worksheet
computational flaw in it. Let us address this
possibility. © First, this paper's " narrative
described how the LCOS algorithm was
constructed®. If you agree with this paper's
narrative explanation of how the LCOS
algorithm was constructed, agreed with the
Table IT equations and if you tested, to your
satisfaction, your copy of the Table I, Excel
Algorithm Worksheet, then there are no flaws
in the paper's LCOS algorithm. Second, the
reader should know that the paper's LCOS
algorithm will accurately® compute the LCOS
with ESS specs that makes no sense®.
Logically, therefore, since the paper's LCOS

% but as your renewable energy financial consultant,
T can help you. I can help you even though I am not
an ESS developer, IPP, banker, OEM, EPC contractor,
utility, FERC, PUC, high tech investor, etc., etc.).

% using a recoghized standard methodology

%7 mathematically; algebraically; financially;
technically

%8 garbage in; garbage out
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algorithm is correctly constructed, any
nonsensical®® output must be caused by
nonsensical®® input.

The current ESS industry pricing convention,
which is not rational®, is to usually publically
quote ESS CapEx in terms of energy storage
capacity *° (US$/MWh; US$/kWh) (Line 2) and
not in terms of energy storage capacity
(MWh/day) (Line A), power output (MW) (Line
3) and Total ESS Plant CapEx (line B). This
paper's LCOS algorithm uses this industry
pricing convention because this is how ESS
specs are presented in the financial press and
in publically available data bases. A financial
analysist who works for an ESS developer (IPP,
bank, utility, OEM, EPC contractor, FERC, PUC,
angel investor, etfc.,) should have access to
internal documents that include both the cost
of energy storage capacity and power output as
well as the Total ESS Plant CapEx.

This paper did not present a public data base
of accurate ESS specs values. This author had
the much more modest goal of only presenting,
with a recognized standard methodology, an
accurate “back of the envelope” LCOS
algorithm.

Not discussed® in this paper is the reason
for the extra market value of stored wind
power on a carbon constrained electric grid and
how the extra cost of the energy storage is
paid for (revenue payments for storage).

The complication in wusing this paper's
financial algorithm is that published (or
infernal) ESS specs maybe limited or

%9 especially for utility-scale

€0 or in duration but duration usually does not have a
price dimension

®1 the author is available to clients to discuss these
topics
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insufficient. The case studies are presented to
help the reader overcome this complication.

Adding to this complication is the fact that
the actual ESS specs can change. The Clear
Creek Courant, Clear Creek County's local
newspaper, just reported [19] that the Cabin
Creek Pumped Storage Plant is going to have a
US$70 (€60.46) million dollar upgrade that will
replace the two electric turbines and add four
feet to the top of the upper dam wall. Not
mentioned in this article is any increase in the
power output (MW), the round trip efficiency
(n) or in the duration (or added energy storage
capacity [MWh/day]).

Best of luck in using my LCOS algorithm in
your energy storage work!
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ADDENDUM CASE STUDY I—THE PROPOSED
SAN VINCENT PUMPED HYDRO STORAGE
PLANT

The proposed San Vicente Pumped Hydro
Storage Plant (SVPSP) in San Diego County,
California USA is to be a bulk storage (500 MW
| 4,000 MWh) ESS that will be owned by the
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San Diego County Water Authority (SDCWA)
and by the City of San Diego [26].

I expected to present this LCOE paper in
Southern California so I started to develop this
San Vincent Case Study for my California
audience. Instead, I am presenting this energy
storage paper at the WindEurope 2018
Conference in Hamburg, Germany.

Since I started to develop this SVPSP Case
Study, I have made it into this addendum case
study.

As stated in the paper narrative, the
complication in using this paper's financial
algorithm is that published (or internal) ESS
spec values maybe limited or insufficient. This
San Vincent case study is a quick study using
only ESS spec values from certain published
sources. A summary-of these published SVPSP
spec values is listed on Table IV (page 28),
Sources for Certain San Vicente Pumped
Storage Plant Spec Values .

Table V (page 29) is,
Algorithm  Worksheet for
Levelized Cost
Wind Electricity (LCOS) at the
Vicente Pumped Storage Plant .

Table | --Excel
Computing the

Proposed San

The following spec values are from Table IV,
Sources for Certain San Vicente Pumped
Storage Plant Spec Values , (page 28). Line 1 is
500MW:; Line 2 is 4,000 MWh which is the
same as the high 8 hour duration reported; Line
3 is the low US$250/MWh value
(US$250,000MWh).

These values result is a Line B value of
US$1,000,000,000% (€ 863,774,175).

2 On Table IV, the US$1.00 x 10° =
US$1,000,000,000

WindEurope 2018 Conference, 25-28 September, Hamburg, Germany
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http://goo.gl/873R0i
https://www.energystorageexchange.org/
http://anf5l2g5jkf16p6te3ljwwpk.wpengine.netdna-cdn.com/wp-content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf
http://anf5l2g5jkf16p6te3ljwwpk.wpengine.netdna-cdn.com/wp-content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf
http://anf5l2g5jkf16p6te3ljwwpk.wpengine.netdna-cdn.com/wp-content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf
http://anf5l2g5jkf16p6te3ljwwpk.wpengine.netdna-cdn.com/wp-content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf
https://ferc.gov/industries/hydropower/gen-info/licensing/pump-storage.asp
https://ferc.gov/industries/hydropower/gen-info/licensing/pump-storage.asp
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Instead of the Table IV 75% value, Line 4 is
80%. This is the same as the Cabin Creek value
and is also reported by EPRI [1]. Line 5 is
US$50.16 which is the same as on Table I; Line
6 is 0.50% which is the same as on Table I; Line
7 is US$ 1/MWh which is the same as on Table
I; Line 8 is 100 years which is the Cabin Creek
value; Line 9 is 4%. Cabin Creek is 6% because it
was developed by a US investor owned utility
(IOV) in a regulated market. SVPSP will be a
municipal power plant and should be able to
borrow at a lower municipal rate.

The results are as follows: Line M, the LCOS
is US$97.87/MWh which is less®® than Cabin
Creek's US$114.23 LCOS. Line N is US$47.73
which is less than Cabin Creek's US$64.07.

Line Q is US$6,460,000 which seems high
but which must be evaluated against the
projected SVPSP. Total CapEx (US$1 billion),
operating revenues and the nevenue and costs
of similar actual operating US and overseas
pumped hydro storage plants.

Again, the best of luck in using my LCOS
algorithm in your energy storage work!

SAN VINCENT REFERENCES

[20] Thurston, Charles, $1 B-plus San Vicente pumped hydo
plan flows forward , PV-Magazine-USA.com, 17
Janurary 2017 Downloaded: 9 July 2018
https://tinyurl.com/glzyspa

[21] Water Authority Solicits Proposals for Poetential
Joint Energy Storage Facility with the City of San
Diego, Business Wire, Business Wire, 18 July 2017,
Downloaded: 9 July 2018 https://tinyurl.com/yanmc2gu

[22] Nikolewski, Rob, Pump it up: Water officals looking for
offers to build a hydro storage plant at the San
Vicente Reserve, San Diego Union Tribune , 31 July
2017 Downloaded: 7 July 2018
https://tinyurl.com/y86dzw7v

63 Values for differences and the % differences are
not presented. Use the ESS Comparison Worksheet
in my WindEurope 2018 Conference LCOS Excel
Workbook to compute these values. For help, contact
the author at http://goo.gl/Dg35cs
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[23] Dvorak, Paul, San Diego authority interested in pumped
storage project , WindPower Engineering.com 8 January
2017, Downloaded: 9 July 2018
https://tinyurl.com/ydfav4ph

[24] Colthorpe, Andy, Black and Veatch to evaluate
proposals for 500 MW pumped hydro in San Diego ,
Energy Storage News, 24 January 2018 Downloaded: 8
July 2018 https://tinyurl.com/yddmo56w

[25] San Vicente Energy Storage, undated, downloaded: 5
May 2018 www.sdcwa.org/san-vicente-energy-
storage

[26] UpTake Technologies Power Generation Report;
BROKEN: Costs to Operate, Maintain Electricity
Generation Have Soared Over Two Decades -PDF, 2018
Downloaded: 30 July 2018
https://tinyurl.com/y7mhj972

ADDENDUM CASE STUDY ITI—THE
"PROPOSED" HOOVER DAM PUMPED HYDRO
STORAGE PLANT

A ‘proposed” US$3 billion (€2.6 billion)
Hoover Dam Pumped Storage Plant (HPSP) to be
built by the Los Angeles Department of Water
and Power (LADWP)**[27].was reported in the
28 July 2018 New York Times [28]. @ The
project involves added a pumping station at a
lower reserve (already built) 20 miles ( 32 km)
downstream from Hoover Dam and using wind
and other renewable energy to pump water in a
newly constructed tfunnel back up to the
reserve behind Hoover Dam. Then the already
installed Hoover Dam Power turbines would use
this extra recycled water fo generate more
electricity. This extra electricity is the stored
renewable energy.

Let us quickly compute the LCOS for the
HPSP. You can refine your LCOS computation on
your own®®. Refer to Table V (page 29), Table | -
-Excel Algorithm Worksheet for Computing the
Levelized Cost

64 T could not find a reference to the proposed
Hoover Dam Pumped Storage Plant on the LADWP
website but the NYT story still makes for a good
case study.

85 or you could ask me to help you.
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Wind Electricity (LCOS) at the Proposed San

Vicente Pumped Storage Plant. For you
computations, use your copy of the Table I that
is in your WindEurope 2018 Conference LCOS

Excel Workbook.

The HPSP has its upper its dam (Hoover
Dam), upper reserve (Lake Mead) and power
plant (Hoover Dam Power Plant) already
constructed, it is owned®® by LADWP, and is
already paid for. Lake Mead has extra storage
capacity and the Hoover Dam Power plant is
running well below full capacity. Given these
facts there will be no charge to HPSP to use
these assefts.

The US$3 billion (€2.6) cost for the HPSP
will be for the construction of the lower
reserve pumping station (s) and for the 20 miles
(32 km) tunnel to carry the water back up into
the reserve behind Hoover Dam.

Enter on your HPSP Table I, all the San
Vicente spec values. Here are the author's
comments on these nine HPSP specs.

Line 1, ESS Plant-Power Output-MW, is not
relevant since we are using the Hoover Dam
Power Plant for power output. Line 3, ESS Plant
CapEx-US$/kWh is to be kept at US$250
(US$250,000/MWh)®’.  Later, you can change
it on your own. Line 2, Daily Energy Storage
Capacity-MWh/day, is 12,000. This is US$ 3
billion divided by US$250,000/MWh. Line B,
Total ESS Plant CapEx-US$/ESS Plant, will now
compute to be US$ 3 billion (€2.6 billion).

Line M, Levelized Cost of the Stored Wind
Electricity-LCOS-US$/MWh, computes to be

6 from my understanding of reference [29]
67 This is the value that I used for SVPSP
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US$93.71 (US$¢9.37/kWh). You will note®® that
this is the same LCOS that SVPSP had. Since
the same 9 specs69 were used, the same LCOS
should be computed.

Change Line 9, Interest/ROE Rate-% from
4% to 3% and Line M computes to be US$87.43
(US¢8.74/kWh). Change Line 4, ESS Plant
Round Trip Efficiency-n-%, from 80% to 60%
while keeping Line 9 at 3% and Line M is
US$108.33 (USC¢10.83/kWh). There is an
energy loss in pumping the energy (water) 20
miles upstream. On the other hand, if the wind
energy would be shed (lost) if not stored, then
Line 5, Cost of the Wind Electricity to be
stored-COE-US$/MWh, would be much lower
than the US$50.16 entered.

Unfortunately, for the accuracy of our above
computations, this NYT article also reported
that _ the typical . (California, I . assume)
household pays US¢12.5/kWh (US$125/MWh)
for electricity. Furthermore, this article also
reported that Lazard, the financial advisory and
asset management firm’®, has estimated that
for utility-scale lithium-ion batteries the LCOS
is US$260/MWh (US¢26/kWh), compared with
a LCOS of US$150/MWh (US¢15/kWh)”! for a
pumped-storage hydroelectric project. The
NYT article would be more precise if it
specified if the 15 US cent Lazard pumped

88 Actually I had this Eureka moment while walking in
Lincoln Park (Chicago). I am not claiming that I had
this moment after a squirrel dropped an acorn on my
head. I did it on my own.

8 Actually 8 specs but if Line 3 stays at
US$250/kWh and if Line B must compute to be US$
3 billion, then Line 2 must be 12,000 MWh/day.

70 6o to the Lazard website https://www.lazard.com/
to download their papers on the LCOS and the LCOE.
T can help you understand them.

! Note that Lazard computed the LCOS to be
US$150/MWh while I had my first example LCOS
computation above to be US$87.43/MWh.
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storage estimated LCOS included the 12.5 US
cent cost of the electricity to be stored or only
the added cost of storing the electricity. In
the former case, the cost of storage is 2.5 US
cents while in the latter case the typical
household would pay 27.5 US cents for the
stored electricity. In the former case the cost
is too low to recover the estimated US$3
billion cost of the HPSP while in the latter case,
it is too high for the typical California
household.

On the other hand, if a US$30/ton,-CO>
carbon tax (€25.91) is added to the cost of US
fossil electricity, the cost effectiveness of the
HPSP would improve.

Finally I will point out that this NYT article
stated that "it's tricky fo store energy on an
industrial scale, but engineers have devised
clever workarounds”. I will add that financial
analysists like me, and now you, the reader, are
trying to compute the “tricky” cost of storing
wind and other renewable energies (LCOS). Let
me further add that learning how to compute
the LCOS is an example of using financial
engineering for the common good.

HOOVER DAM REFERENCES

[27] Los Angles Department of Water and Power Website
Downloaded: 22 August 2018
https://www.ladwp.com/ladwp/

[28] Penn, Ivan, The US$3 Billion plan to Turn Hoover Dam
into a Giant Battery , New York Times, 24 July 2018,
Downloaded: 20 August 2018
https://nyti.ms/2mBEPGmM

ADDENDUM STATEMENT ON GLOBAL
WARMING, WINDPOWER, THE KYOTO
PROTOCOL, THE 2015 PARIS CLIMATE
ACCORD AND THE 2017 CHICAGO CLIMATE
CHARTER

Antonio Guterres, the United Nations
Secretary General, on Monday, September 10,
2018 warned of the risks of “runaway” global
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warming [29]. He stated that “if we do not
change course by 2020, we risk missing the
point where we can avoid runaway climate
change.”

This paper only referred tfo a carbon
constrained world on pages 13, 14 and 17 above.
No direct statement was made to point out that
the dominant driver for the storage of the wind
electricity (and for the wind electricity itself)
is to constrain carbon emissions and, therefore,
to slow global warming.

Since all the nations of the European Union
have signed the Kyoto Protocol, for a European
audience it is not necessary fo have a direct
statement for this audience of the fact that
global warming is occurring and how wind and
other renewable energies can help reduce global
warming.

However, based on the 2016 US Presidential
election results, for an American audience it is
still' necessary fo have, in the US, a direct
statement of the fact that global warming is
occurring and how wind and other renewable
energies can help mitigate global warming.

GLOBAL WARMING RERFERENCE

[29] Sengupta, Somini, Climate Crisis is Near Point of No
Return U .N. Warns, New York Times, 11 September
2018 page A6, Chicago Edition
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Table I Excel Algorithm Worksheet to Compute the Levelized Cost (US$/MWh; €/MWh)
Of Storing Wind Electricity (LCOS) in the Eos Aurora®

Foreign Exchange
FX Enter US$/€ exchange rate

ESS Plant CapEx
1 Enter ESS Plant-Power Output-MW

2 Enter  Daily Energy Storage Capacity-MWh/day

A Computed Yearly Energy Storage Capacity-MWh/yr

3 Enter ESS Plant CapEx-US$/kWh
B Computed  Total EES Plant CapEx-US$/ESS Plant
Cost of the Wind __ Electricity
4 Enter ESS Plant Round Trip Efficiency-n-%
Cost of the Wind Electricity to be Stored-COE-
5 Enter US$/MWh

Cost of the Stored WindElectricity-COSE-
c Computed  US$/MWh
Extra Cost (COSE-COE) of the Stored Wind
Electricity-US$/MWh
% Increase in the Cost of the Stored Wind
Electricity

D Computed
E Computed

ESS OpEx And Capital _Costs

o

Enter

Computed
Enter
Enter
Enter

Computed

Annual Fixed O&M Cost-US$/yr

Variable O & M Cost-US$/MWh

Physical Life of the ES Plant-Years
Interest/ROE Rate-%

Capital Amortization Factor-CAF

Annual Capital Amortization-ACA-US$/yr

I ® © © N TN

Computed

Page 19 of 31

Annual Fixed O&M Cost-% Total ESS Capex, Line B

m/d/y
$1.15771 06/21 /18
kW | MWh:MW
1 1,000 ratio
4 4,000 40
US$/MWh
1 £€/kWh | €/MWh |
$160 €138 € 138,204
€ 552,815
£€/ESS Plant 1
75% USC/kWh|  €/MWh|
$50.16 5.02 € 4333
6.69 £€57.77
1.67 €14.44 COLOR CODE
Entry
Side Column
0.50% €/yr] Result
Transfer
€2,764 Result
$1.00 $0.10 €0.86
20 USE/kWht  €¢/kWh 1 in€
8.0%
€/yr]
€ 56,305
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Table I Excel Algorithm Worksheet to Compute the Levelized Cost (US$/MWh; €/MWh)
Of Storing Wind Electricity (LCOS) in the Eos Aurora®

Computation of the  Levelized Cost of the Stored Wind
Electricity - US$/MWh - LCOS US$/MWh| USE/kWh| % €/MWh|

I Computed Annual Capital Amortization-ACA-US$/MWh [ $4465 446 389%  €3857
T Computed Fixed O&M Cost-US$/MWh 219 o022 1.9% €189
K Transferred Variable O&M Cost-US$/MWh-Line 7 transferred $1.00 0.10 0.9% €0.86
Cost of the Stored Wind Electricity-COSE-
L Transferred US$/MWh--Line C transferred $66.88 6.69 58.3% €57.77
M Levelized Cost of the Stored Wind Electricity- -
Computed LCOS-US$/MWh 11.47 100.0% € 99.09

Computation of Level ized Extra Cost of the Stored Wind
Electricity - US$/MWh - LECOS,; US$/MWh| USE/kWh| €/MWh|

Levelized Extra Cost (LCOS-COE) of the Stored -
N Computed  Wind Electricity-LECOS;-US$/MWh 6.46 €55.76
% Increase in the Levelized Cost of the Stored -
(@) Computed  Wind Electricity
Second Computation of the Levelized Extra Cost of the Stored
Wind Electricity - US$/MWh - LECOS, US$/MWh| USE/kWh| % £€/MWh|
I Computed / Annual Capital Amortization-ACA-US$/MWh 4.46 69.2% € 38.57
J Computed = Fixed O&M Cost-US$/MWh - 0.22 3.4% €1.89
K Transferred = Variable O&M Cost- US$/MWh-Line 7 transferred $1.00 0.10 15% €0.86
D Extra Cost (COSE-COE) of the Stored Wind
Transferred Electricity -US$/MWh-Line D transferred $16.72 1.67 25.9%0 €14.44
N Levelized Extra Cost (LCOS-COE) of the Stored -
Computed  Wind Electricity-LECOS,-US$/MWh 6.46 100.0% €55.76
Bonus Check (v VYalue-- Total Annual ESS O&M US$/yr| €/yr |
F  Transferred Annual Fixed O&M Cost-from Line F above-US$/yr $3,200 €2,764
P Computed Annual Variable O&M Cost-US$/yr $1,460 €1,261
Q Computed  Check (V) Value--Total Annual ESS O&M US$/yr $4,660 €4,025

Page 20 of 31
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Table IT Equations of the Table I Excel LCOS Algorithm Worksheet

Work
sheet
#

FX

Description

Foreign Exchange

US$/€ exchange rate

ESS CapEx

ESS-Power Output-MW

ESS-Daily Energy Storage Capacity-
MWh/day

ESS-Yearly Energy Storage Capacity-
MWh/yr

ESS-CapEx-US$/MWh

Total ESS Plant Capex-US$/ESS

Cost of Wind  Electricity

ESS-Round Trip Efficiency-n-%

Cost of the Wind Electricity to be stored-
COE-US$/MWh

Cost of the Stored Wind Electricity-COSE-
US$/MWh
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Algebraic
Symbol

fx

MW,
MWhy
MWh,,

US$CapExmwn

US$ COPEXESS

COE

COSE

Equation

Published Financial Value

ESS spec
ESS spec
MWhy.= MWhg X 365
ESS spec

US$COPEXESS = US$CGPEXMWh X Mth

ESS spec

ESS spec

COSE = COE/n
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Table IT Equations of the Table I Excel LCOS Algorithm Worksheet

Work
sheet
#

D

Description

Extra Cost (COSE-COE) of the Stored Wind
Electricity-US$/MWh

% Increase in the Cost of the Stored Wind
Electricity

ESS OpEx and Capital Costs

Annual Fixed O&M Cost-% of Line B, Total
ESS Plant CapEx

Annual Fixed O & M Cost-US$/yr
Variable O & M Cost-US$/MWh
Physical Life of the ESS-Years

Interest/ROE Rate-%

Capital Amortization Factor-CAF

Annual Capital Amortization-ACA-US$/yr
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Algebraic
Symbol

ECOSE

ECOSE-%

FOM-%
FOM-US$,,
VOM-US$ mwh

yr

CAF

ACA,.

Equation

ECOSE = COSE-COE

ECOSE-% = ECOSE/COE

ESS spec
FOM-US$,. = US$CapExess X FOM-%
ESS spec
ESS spec
ESS spec

CAF = US$1.00 XM
(L+1)"-1

ACAyr = US$CGPEXESS X CAF
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Table IT Equations of the Table I Excel LCOS Algorithm Worksheet

Work
sheet
#

N;

Description

Computation of the Total Leve lized Cost of
the Stored Wind Electricity -US$/MWh -
LCOS

Annual Capital Amortization -ACA-US$/MWh
Fixed O & M Cost -US$/MWh

Variable O & M Cost-from Line 7 above-
US$/MWh

Cost of the Stored Wind Electricity-COSE-
from Line C above-US$/MWh

Levelized Cost of the Stored Wind
Electricity-LCOS-US$/MWh

Computation of the Extra Cost of the Stored
Wind Electricity -US$/MWh

Levelized Extra Cost (LCOS-COE) of the
Stored Wind Electricity-(LECOS)-US$/MWh

% Increase in the cost of the Stored Wind
Electricity
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Algebraic
Symbol

ACAnwh
FOM-US$mwn

VOM-US$nws

COSE

LCOS

LECOS;-US$

LECOS-%

Equation

ACAMWh = ACAy,n /MWhyr
FOM-US$uwh = FOM-US$,. /MWh,,

VOM-US$MWh = Line7

COSE =Line C

LCOS = ACAMWh + FOM-US$MWh +VOM-

US$MWh + COSE

LECOS;-US$ = LCOS- COE

LECOS-% = LECOS-US$/COE
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Table IT Equations of the LCOS Algorithm that are used in the Table T Worksheet

N

Second Computation of the Levelized Extra
Cost of the Stored Wind Electricity-
US$/MWh-LECOS,

Annual Capital Amortization -ACA-US$/MWh

Fixed O & M Cost-US$/MWh

Variable O & M Cost-from Line 7 above-
USS/MWh

Extra Cost (COSE-COE) of the Stored Wind
Electricity-ECOS-US$/MWh

Levelized Extra Cost (LCOS-COE) of the
Stored Wind Electricity-(LECOS,)-
US$/MWh (LECOS; = LECOS;)

Bonus-Check (V) Value--Total Annual ESS
O&M

Annual Fixed O&M Cost-from Line F above-
US$/yr
Annual Variable O&M Cost-US$/yr

Check (V) Value--Total Annual ESS O&M
US$/yr

Page 24 of 31
WindEurope 2018 Conference, 25-28 September, Hamburg, Germany

ACAmwn
FOM-US$ mwn

VOM-US$nwh

ECOSE

LECOS,-US$

FOM-US$,,
VOM-US$,,

TOM-US$,,

ACAMWh = ACAy,n /MWhyr
FOM-US$mwh = FOM-US$,. /MWh,,

VOM-US$MWh = Line 7

ECOSE = COSE-COE

LECOSZ = ACAMWh + FOM-US$MWh + VOM-
US$MWh + ECOSE

FOM-US$YP = US$CGPEX555 X FOM-%
VOM-US$,, = VOM-US$mun X MWh,,

TOM-US$,. = FOM-US$,. + VOM-US$,,.
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Table IIT Sources for the Nine Cabin Creek Pumped Storage Plant Specs

Work Author's
Sheet Spec Values
#

Cabin Creek Pumped Storage CapEx

1 Capacity Power Output-MW 300
2 Capacity Energy Storage-MWh 1,450
MWh/MW
Yearly Energy Storage

A Capacity-MWh/yr

Cabin Creek 1967 CapEx
367 US$e7/kWh $105
US$e7/MWh
B Cabin Creek Plant CapEx-US$¢7

Reference

[13]

[13]
computed

computed

[13]
computed
computed

Alternative
Spec Values

324 [3][14]

N/A
N/A
N/A

Cabin Creek CapEx Adjusted for Inflation and Productivity Increases

i Inflation-PPI-%/yr 5.0%
ESS Construction

i Productivity-MPP-%/yr (3.0%)
net inflation

iii Current Year 2017

iv Year Cabin Creek Completed 1967

Years Cabin Creek in Operation

Page 25 of 31

author

author

author
[13]
computed
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N/A

N/A
N/A

2017
1967

Alternative

Reference Spec Values

computed
4 [3][14]

computed

[14]
[14]
[14]

[14]

[14]
[14]

author
[14]

324

1,318

N/A
N/A
N/A

N/A

N/A
N/A

2017
1967

Reference

[15]
[15]
stated
[15]

computed

[15]
[15]
[15]

[13]

[13]
[15]

author
[15]

ET80] computed [TETB0! computed
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Table IIT Sources for the Nine Cabin Creek Pumped Storage Plant Specs

Work Author's Alternative
Sheet Spec Values Reference Spec Values
#
US$er L US$i7 US$ir |
Cabin Creek Plant CapEx-
B US$6,/ESS  $152,250,000
Cabin Creek-CapEx-
US$17/MWh N/A
317 Cabin Creek-CapEx-US$17/kWh N/A
Cost of the Wind Electricity
Cabin Creek Round Trip Efficiency-n
average pumping GWh/yr 116 [13] N/A
average generating GWh/yr 75 [13] N/A
Computed Cabin
4 Creek Round Trip Efficiency-n computed 86%
Cost of the Wind Electricity to
5 be Stored-COE-US$17/MWh $50.16 Author N/A
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Alternative

Reference Spec Values

[14]
[14]

[14]
[14]

[14]

[14]

US$17 |

N/A
N/A

N/A
N/A

N/A

N/A

Reference
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[15]

[15]
[15]

[15]
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Table IIT Sources for the Nine Cabin Creek Pumped Storage Plant Specs

Work
Sheet
#

Author's

Spec Values Reference

Cabin Creek OpEx and Capital Costs

Annual Fixed O & M Cost-%
Total Cabin Creek CapEx, Line
6 B

Variable O & M Cost-
7 US$17/MWh

Years Cabin Creek in Operation
Estimated additional Years of

Operation

Physical Life of Cabin Creek-

8 Years
9 Interest/ROE Rate-%
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0.50% Author

$1.00 Author

50 Transfer

50 Author

100 Author

6.00% Author

COLOR CODE
Entry
Result
Transfer Result

Not Available
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Alternative
Spec Values

N/A

N/A

50

N/A

N/A

N/A

Alternative

Reference Spec Values

[14]

[14]
Transfer
[14]
[14]

[14]

N/A

N/A

50

N/A

N/A

N/A

Reference

[15]

[15]
Transfer
[15]
[15]

[15]
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Table IV Sources for Certain San Vicente Pumped Storage Plant Spec Values

Table I Line Number— 1 1 2 2 3 3 B B 4
low high low high low high low-only
dura-  dura-
Article low  high low high tion tion CapEx CapEx total total round-trip
# Date Source Article Name MW MW  MWh  MWh hours hours US$/MWh US$/MWh  US$/ESS  US$/ESS n

1 05/17/17 PV Magazine $1 B + San Vicente
Hydro Plan flows 500

$1x10°  $2x10°

forward
2 07/18/17 Business SDCWA Solicits
Wire Proposal for
Potential Joint ES 500
with City of CD
3 07/31/17 San Diego  Pump it up: Water
Union Trib o o [3 out-4
$15x 10 $2 x 10 in] 75%

Interested in PS s

project
5 01/24/18 Energy Black & Veatch to
Storage Evaluate Proposals
News for SD 500 MW PH
Plant
6 u/D SDCWA San Vicente Energy
Storage
Color Code
from article
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Table V. Table I--Excel Algorithm Worksheet to Compute the Levelized Cost (US$/MWh: €/MWh) of Storing Wind
Electricity (LCOS) at the Proposed San Vicente Pumped Storage Plant

Foreign Exchange m/d/y
EX Enter US$/€ exchange rate $1.15771 06/21/18
ESS Plant CapEx kW | MWh:MW
1 Enter ESS Plant-Power Output-MW 500 500,000 ratio
2 Enter  Daily Energy Storage Capacity-MWh/day 4,000 4,000,000 8.0
A Computed  Yearly Energy Storage Capacity-MWh/yr _ US$/MWh |  €/kWh | €/MWh |
3 Enter ESS Plant CapEx-US$/kWh $250 € 216 € 215944
B Computed  Total EES Plant CapEx-US$/ESS Plant € 863,774,175
€/ESS Plant 1
Cost of the Wind Electricity
4 Enter ESS Plant Round Trip Efficiency-n-% 80% USC/kWh | €/MWh|
Cost of the Wind Electricity to be Stored-COE-
5 Enter  US$/MWh 5.02 €4333
C Computed _Cost of the Stored Wind Electricity-COSE-US$/MWh 6.27 € 54.16
Extra Cost (COSE-COE) of the Stored Wind
D Computed  Electricity-US$/MWh 1.25 €10.83 COLOR CODE
E Computed % Increase in the Cost of the Stored Wind Electricity Entry
ESS OpEx and Capital Costs
Side Column
6 Enter  Annual Fixed O&M Cost-% Total ESS Capex, Line 3 0.50% €/yr| Result
Transfer
F Computed  Annual Fixed O&M Cost-US$/yr € 2,591,323 Result
7 Enter Variable O & M Cost-US$/MWh $1.00 0.10 €0.86
8 Enter Physical Life of the ESS Plant-Years 100 USt/kWht  €¢/kWh 1t in€
9 Enter Interest/ROE Rate-% 4.0%
G Computed  Capital Amortization Factor-CAF _ €/yr|
H Computed  Annual Capital Amortization-ACA-US$/yr _ € 35,248,897
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Table V. Table I--Excel Algorithm Worksheet to Compute the Levelized Cost (US$/MWh: €/MWh) of Storing Wind
Electricity (LCOS) at the Proposed San Vicente Pumped Storage Plant

Computation of the Levelized Cost of the Stored Wind Electricity -
US$/MWh - LCOS US$/MWh| Ust/kwh | %
I Computed  Annhual Capital Amortization-ACA-US$/MWh _ 2.80 29.4% €24.14
7 Computed  Fixed O&M Cost-US$/MWh . $342 o034 3.6% €177
K Transferred Variable O&M Cost-from Line 7 above-US$/MWh $1.00 0.10 1.1% €0.86
Cost of the Stored PV Electricity-COSE- from Line C
L Transferred above-US$/MWh $62.70 6.27 65.9% € 54.16
M Levelized Cost of the Stored Wind Electricity-LCOS- -
Computed US$/MWh 9.51 100.0% € 80.94
Computation of Levelized _Extra Cost of the Stored Wind
Electricity - US$/MWh - LECOS, US$/MWh| US¢/kWh | €/MWh|
N Levelized Extra Cost (LCOS-COE) of the Stored Wind
Computed Electricity-LECOS;-US$/MWh - 4.49 € 37.61
(0] % Increase in the Levelized Cost of the Stored Wind
Computed  Electricity

Second Computation of the Levelized Extra Cost of the Stored Wind
Electricity - US$/MWh - LECOS, US$/MWh| US¢/kWh | % €/MWh|

I Computed  Annual Capital Amortization-ACA-US$/MWh - 2.80 622%  €24.14
J Computed  Fixed O&M Cost-US$/MWh 0.34 7.6% €177
K Transferred Variable O&M Cost-from Line 7 above-US$/MWh $1.00 0.10 2.2% €0.86
D Extra Cost (COSE-COE) of the Stored Wind

Transferred Electricity-from Line D above-US$/MWh $12.54 125 27.9% € 10.83
N Levelized Extra Cost of the Stored Wind Electricity- -

Computed LCOSE.-US$/MWh 4.49 100.0% €37.16
Bonus Check (v Yalue-- Total Annual O&M USs$/yr| €/yr |

F Transferred  Annual Fixed O&M Cost-from Line F above-US$/yr $5,000,000 € 2591,323
P Computed  Annual Variable O&M Cost-US$/yr _M
Q Computed  Check Value--Total O &M US$/yr _
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AUTHOR'S AND READER'S COMMENTS

Note
# Author's and Reader's Comments Author's Responses
1 Example: What do FERC and PUC in the footnote 8 on page 2 | Author's Response: I defined these terms on page 9.
" | mean?
Author's comment: This is a living document. As typos and errors | Author's Example: The Conference paper has been corrected for
are discovered by the author or pointed out to by kind and gentle | this example.
readers, they will be corrected.
In the preconference 2™ draft, in the Hoover Dam case study
2. The author plans to have a post conference version of this paper | (pages 17-18) the author confused the Lazard LCOS for pumped
with all the typos and errors corrected. storage (US$150/MWh) [what would be computed on Line M], to
what should be entered on Line 3, ESS Plant CapEx-US$/kWh
(US$/MWh). When you meet the author at his poster, he will go
over this point again with you.
3.
4.
5.
6.
7.
8.

Dear Reader, if you would like to share your comments with the author, my email address is

michael@michaelstavy.com . Thank you!

This is the 2018 Conference Paper. The post conference version of this paper will include your comments and my
corrections.
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