ELECTREC POWER
RESEARCH INSTITUTE

=2l

Cost-Effectiveness of Energy Storage in California

Application of the EPRI Energy Storage Valuation Tool to Inform the
California Public Utility Commission Proceeding R. 10-12-007

3002001162

SB GT&S 0161615



SB GT&S 0161616



Cost-Effectiveness of Energy Storage in California

Application of the EPRI Energy Storage Valuation Tool to Inform the California Public
Utility Commission Proceeding R. 10-12-007

3002001162
Technical Update, June 2013

EPRI Project Manager
B. Kaun

ELECTRIC POWER RESEARCH INSTITUTE
3420 Hillview Avenue, Palo Alto, California 94304-1338 = PO Box 10412, Palo Alto, California 94303-0813 = USA
800.313.3774 = 650.855.2121 = askepri@epri.com = www.epri.com

SB GT&S 0161617


mailto:askepri@epri.com
http://www.epri.com

DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

THIS DOCUMENT WAS PREPARED BY THE ORGANIZATION(S) NAMED BELOW AS AN ACCOUNT OF
WORK SPONSORED OR COSPONSORED BY THE ELECTRIC POWER RESEARCH INSTITUTE, INC. (EPRI).
NEITHER EPRI, ANY MEMBER OF EPRI, ANY COSPONSOR, THE ORGANIZATION(S) BELOW, NOR ANY
PERSON ACTING ON BEHALF OF ANY OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (1) WITH
RESPECT TO THE USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM
DISCLOSED IN THIS DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE, OR (Il THAT SUCH USE DOES NOT INFRINGE ON OR INTERFERE WITH PRIVATELY OWNED
RIGHTS, INCLUDING ANY PARTY'S INTELLECTUAL PROPERTY, OR (i} THAT THIS DOCUMENT IS
SUITABLE TO ANY PARTICULAR USER'S CIRCUMSTANCE; OR

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER (INCLUDING
ANY CONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE HAS BEEN ADVISED
OF THE POSSIBILITY OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF THIS
DOCUMENT OR ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN
THIS DOCUMENT.

REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, PROCESS, OR SERVICE BY ITS
TRADE NAME, TRADEMARK MANUFACTURER, OR OTHERWISE, DOES NOT NECESSARILY
CONSTITUTE OR IMPLY ITS ENDORSEMENT, RECOMMENDATION, OR FAVORING BY EPRI.

THE FOLLOWING ORGANIZATION PREPARED THIS REPORT:
Electric Power Research Institute (EPRI)

This is an EPRI Technical Update report. A Technical Update report is intended as an informal report of
continuing research, a meeting, or a topical study. it is not a final EPRI technical report.

NOTE

For further information about EPRI, call the EPRI Customer Assistance Center at 800.313.3774 or
e-mail askepri@epri.com.

Electric Power Research Institute, EPRI, and TOGETHER...SHAPING THE FUTURE OF
ELECTRICITY are registered service marks of the Electric Power Research Institute, Inc.

Copyright © 2013 Electric Power Research Institute, Inc. All rights reserved.

SB GT&S 0161618


mailto:askepri@epri.com

ACKNOWLEDGMENTS

The following organization prepared this report:

Electric Power Research Institute (EPRI)
3420 Hillview Avenue.
Palo Alto, CA 94304

Principal Investigators
B. Kaun
S. Chen

This report describes research sponsored by EPRI.

The authors would like to acknowledge the contribution of others who made this analysis
possible: Haresh Kamath and Dan Rastler of EPRI for valuable guidance; Eric Cutter and Ben
Haley of Energy & Environmental Economics (E3) for Energy Storage Valuation Tool
development support; Aloke Gupta, Arthur O’Donnell and other CPUC technical staff for
offering this opportunity and supporting the development of inputs for the analysis; Giovanni
Damato and Chris Edgette from the California Energy Storage Alliance (CESA), Daidipya Patwa
from PG&E, Armando Infanzon from SDG&E, and David Castle from SCE for informing inputs
used by the CPUC technical staff.

This publication is a corporate document that should be cited in the literature in the following
manner:

Cost-Effectiveness of Energy Storage in California: Application of the Energy Storage Valuation
Tool to Inform the California Public Utility Commission Proceeding R. 10-12-007. EPRI, Palo
Alto, CA:2013.3002001162.

SB GT&S 0161619



SB GT&S 0161620



ABSTRACT

EPRI has developed an innovative methodology for quantifying the value of grid energy storage
opportunities. The EPRI Energy Storage Valuation Tool (ESVT)—simulation software
developed to support this methodology—enables preliminary economic analysis prior to more
resource-intensive analytical efforts. This report describes applications of the methodology and
tool to analyze a range of energy storage cases, including different uses, technologies, locations,
and future electricity market scenarios. The analyses were performed to inform stakeholders of
the California Public Utility Commission (CPUC) regulatory proceeding investigating the cost-
effectiveness of energy storage in approximately 30 different cases.

These scenarios covered three different general use cases, including transmission-connected bulk
energy storage, short-duration energy storage to provide ancillary services, and distribution-
connected energy storage located at a utility substation. Within these use cases, several input
sensitivities were tested for their impact on storage cost-effectiveness, including energy storage
duration, technology, durability, market scenario, and project start year. The input assumptions
were provided by the CPUC technical staff, with support from a core stakeholder working group,
including energy storage and utility representatives.

The results of the analyses were reported using a number of technical and economic outputs and
summarized in terms of lifetime net present value and breakeven capital cost of energy storage.
Under the assumptions provided by the CPUC, the majority of cases returned benefit-to-cost
ratios of greater than one, and the majority of cases returned breakeven capital cost of energy
storage ranging from $1,000 to $4,000/kW installed. These results represent an early phase of
energy storage valuation analysis, quantifying the direct costs and benefits over the lifetime of
the energy storage system. The results do not consider indirect impacts on the functioning of the
broader electric system or environmental impacts.
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EXECUTIVE SUMMARY

Introduction

EPRI has developed an innovative methodology for identifying and quantifying value for grid
energy storage opportunities. The EPRI Energy Storage Valuation Tool (ESVT) was developed
to support this methodology and enable preliminary cost-effectiveness analysis prior to more
resource-intensive analytical efforts. This report describes results from the application of EPRI’s
valuation methodology and the ESVT to analyze prioritized cases in California, informing
stakeholders of the California Public Utility Commission (CPUC) Energy Storage Order
Instituting Rulemaking (OIR) Proceeding, R. 10-12-007. In total, EPRI investigated the value of
storage in approximately 30 different use case scenarios, prioritized by the CPUC.

Background of Energy Storage Valuation

Historically, energy storage has been a challenging issue for regulators and policy-makers.
Storage contains unique attributes that make apples-to-apples comparisons with conventional
solutions challenging, including: 1) operation as both a generation and load source; 2) inherent
limited duration of energy; 3) technical potential to support generation, transmission, and
distribution systems with a single storage system, if appropriately located; 4) response and ramp
speed for certain storage technologies exceeding that of conventional solutions; 5) limited
commercial track record, limiting long-term understanding of the cost, performance, and safety
implications of storage deployment.

Methodology for Energy Storage Valuation
EPRI has developed a four-step methodology for valuing storage, with emphasis on the grid
services that storage can provide. This methodology is summarized below.

eDefine direct  «Direct benefits  eindirectimpacts *Monetizable

benefit of combined of storage value to storage

calculation services deployment owner under
Define oSimulate “1% and operation  real world

technical unit” cost- *Environmental  assumptions

reguirements effectiveness impacts

by service

Figure ES-1
Overview of EPRI Energy Storage Valuation Methodology

The analyses in this report focus primarily on the first two steps of this methodology. The results
for storage cost-effectiveness provide a comparison of direct, quantifiable benefits versus costs
to all parties benefiting from storage operation, on a net present value basis. This is analogous to
the Total Resource Cost (TRC) approach used in California. It is an analysis of the approximate
technical potential of energy storage operation to provide multiple services to the electric system.
The results DO NOT consider: 1) the indirect impacts of storage deployment levels on market
prices, operation of other assets, or greenhouse gas emissions; 2) third-party business models, or
regulatory considerations that may limit real-world monetization.

vii
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The goal of the analysis is to estimate the relative cost-effectiveness and expected operation of
energy storage under a given sets of assumptions: 1) energy storage system technology and
configuration; 2) grid services provided under each use case; 3) location of the storage system; 4)
future market conditions; and 5) project start year. This information should help investigators to
screen the cost-effectiveness of a large number of potential cases, prior to embarking on detailed
exercises in network and production cost modeling, which tends to be resource-intensive.

The Energy Storage Valuation Tool (ESVT)

To provide the capability to screen the cost-effectiveness of energy storage at sufficient
granularity, EPRI developed the Energy Storage Valuation Tool, with the development
assistance of Energy and Environmental Economics (E3). This tool was used to produce all
results in this report. The ESVT leverages three main categories of input data to simulate storage
operation and provide cost-effectiveness results: 1) grid service technical requirements defined
by electric system needs and benefit calculation inputs; 2) financial assumptions for the storage
owner, including discount rate and tax assumptions; 3) the cost, performance, size, and
configuration of a storage system technology. The ESVT then takes the user-provided
information and simulates storage operation to meet all technical requirements of the grid service
and maximize its remaining potential in the energy and ancillary service markets. The tool can
provide a number of outputs from the simulation, including lifetime, annual, daily, and hourly
valuation and operation data.

Overview of Analysis Scope

Stakeholders in the CPUC storage proceeding have identified several different potential use
cases of energy storage. These use cases are listed in the table below. Due to time and resource
constraints for this analysis project, EPRI was able to address only the three highlighted cases in
the table. CPUC prioritized use cases based on perceived potential for high value and ease of
adaptation to the ESVT.

Table ES-1
Prioritized CPUC Use Cases for EPRI Analysis (Highlighted)

Use Cases

e o Peser Subsoion] |
Sl

e Generation Storage

_On-Site Variable Energy Resource Storage

y Substation |

ustomer Bill Management
ustomer Bill Management w/ Market
Demand-Side {Customer-Sited)  [Participation

Energy Storage Behind the Meter Utility Controlled
Permanent Load Shifting
£V Charging

viii
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Analysis Inputs

Inputs to the ESVT analyses were provided by the CPUC technical staff, with advice provided
by a core stakeholder group, including the California Energy Storage Alliance (CESA), Pacific
Gas & Electric (PG&E), San Diego Gas & Electric (SDG&E), and Southern California Edison
(SCE). EPRI provided analysis input guidance only sparingly, primarily to clarify the definitions
of inputs required for ESVT analysis. Validation of inputs was not part of EPRI’s scope in the
analyses.

Summary of Outputs

Summary results from the analyses are provided below in two forms: 1) benefit-to-cost (B/C)
ratio and 2) breakeven capital cost. B/C ratio is the net present value (NPV) of all direct,
quantifiable benefits divided by the NPV of the direct, quantifiable costs of a defined energy
storage system providing specific grid services over its lifetime. Breakeven capital cost is the
estimated upfront capital cost of a storage system with certain defined performance
characteristics, which would result in a B/C ratio of 1, or breakeven net present value. Breakeven
capital costs are relevant only under the storage technology assumptions and cannot be compared
side-by-side. The actual capital cost of different storage systems may vary widely, but the
potential value may vary widely, too. This table summarizes all cases, including those with
project start years in 2015 and 2020, but all breakeven capital costs are adjusted for inflation and
displayed in 2013 dollars.

Benefit-to-Cost Ratio
Net PresentValue overStorage Life under CPUC Assumptions
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Figure ES-2
Benefit-to-Cost Ratios of All Analysis Runs
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Breakeven Capital Cost
Maximum Installed Cost for Cost-EffectiveEnergy Storage
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Energy Storage Breakeven Capital Cost of All Analysis Runs

Conclusions
At the summary level, under the cost and performance assumptions assumed by the CPUC, most
analysis runs return B/C ratios of greater than 1.

Across the three use cases considered, it is difficult to draw strong conclusions about the relative
cost-effectiveness between use cases. A disproportionate number of cases investigated the bulk
storage use case.

1. Some of the other key conclusions from the analysis include: Storage system duration of
2 hours exceeded cost-effectiveness of 4 hours for assumed “base case” battery storage
system

2. Storage system durability was relevant to cost-effectiveness. A storage system 10 year
usable battery life had substantially better cost-effectiveness than 5 year usable battery
life.

3. Regulation service provided a significant proportion of the value in most cases. Cases
with a 2x price multiplier for storage providing “fast regulation” returned significantly
more cost-effective results. In a case with no regulation service value, spinning reserve
value compensated for part of the lost value, but at significantly reduced cost-
effectiveness.

4. High energy and ancillary service prices result in more cost-effective results for energy
storage.

5. Projects beginning in 2020 had better cost-effectiveness results than 2015, due primarily
to technology cost reductions and higher value for capacity, energy, and ancillary
services.
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Important Caveats

Only a limited, prioritized series of analysis runs were completed. Results do not represent
exhaustive treatment of storage opportunities in California.

Results are only valid under the CPUC input assumptions provided.

Analysis 1s limited to direct, quantifiable costs and benefits under the input assumptions and
grid services modeled in the simulation.

Analysis does not specifically consider how levels of storage deployment affect cost-
effectiveness or impact society.

This project does not consider technical feasibility of energy storage projects, nor does it
validate the cost and performance assumptions used in the analyses.

Xi
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1

BACKGROUND OF THIS PROJECT

Summary of EPRI Project for California Public Utility Commission

In 2012, the California Public Utility Commission (CPUC) approached EPRI to leverage prior
research in the area of energy storage valuation to technically inform stakeholders of an energy
storage rulemaking proceeding. EPRI agreed to fund a limited valuation analysis of high priority
cases to help validate EPRI’s innovative storage valuation methodology and software, the
Energy Storage Valuation Tool. EPRI agreed to perform analysis and reporting, with prioritized
scenarios and inputs defined by the CPUC technical staff. EPRI analyzed approximately 30 cases
for energy storage in California and the results are reported in this document.

Background of California Bill AB2514 and CPUC Energy Storage OIR Proceeding

Instruction to Investigate Storage Procurement Targets in California. In September 2010,
former Governor Arnold Schwarzeneggar signed California Assembly Bill AB2514 into law.
AB2514 required the California Public Utility Commission (CPUC) to open a new proceeding to
“establish procurement targets, if any, for each load serving entity to procure viable and cost-
effective energy storage systems and, by October 1, 2013, to adopt an energy storage
procurement target, to be achieved by each load-serving entity by December 31, 2015, and a
second procurement target to be achieved by December 31, 2020.” [1] The proceeding is known
commonly as the “CPUC Storage OIR,” or Order Instituting Rulemaking, and is identified as

R. 10-12-007.

CPUC Energy Storage Proceeding (R. 10-12-007) and Storage Cost-Effectiveness

Investigation of Storage Cost-Effectiveness. As directed in AB2514, one determination to be
made by the CPUC is to assess the cost-effectiveness of energy storage systems. For several
years, the Electric Power Research Institute (EPRI) has performed investigations into the value
of energy storage performing different services to the grid, in various locations, and with
multiple technologies, to understand where storage makes economic sense [2]. Since 2011, EPRI
has been developing the Energy Storage Valuation Tool (ESVT) to assist in making these
investigations more repeatable and user-friendly. The CPUC approached EPRI to provide
technical assistance to the storage proceeding using the ESVT. EPRI agreed to perform an
analysis of storage cost-effectiveness for the CPUC stakeholders with prioritized, limited scope.
Inputs to the analysis were provided by the CPUC technical staff in collaboration with a core
stakeholder group, and EPRI configured and performed analyses with the ESVT on a set of
approximately 30 “runs” covering three use cases defined by stakeholder parties to the CPUC
Storage OIR. Draft results of the initial analyses were presented in a public workshop on March
25,2013. In the weeks that followed, comments were provided by the CPUC, and a small
number of additional sensitivities were analyzed to provide additional depth to the analyses. This
report summarizes the ESVT performance of cases, inputs, modeling details, and results found in
the EPRI investigation of storage cost-effectiveness for the CPUC Storage OIR.

1-1
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2

OVERVIEW OF ENERGY STORAGE VALUATION
METHODOLOGY AND ENERGY STORAGE
VALUATION TOOL

Challenges of Energy Storage Valuation

Energy storage valuation for grid use cases has historically been challenging, due to unique
technology attributes, technology uncertainties, and regulatory challenges. EPRI has proposed a
methodology for separating and clarifying analytical stages for storage valuation and developed
the Energy Storage Valuation Tool (ESVT) to support this methodology by enabling user-
friendly, customizable, and transparent storage value analysis.

Energy storage has unique advantages and limitations, and it does not fit neatly into the existing
electric system asset categories. Conventional assets for the electric grid generally can be
classified as generation, transmission, or distribution, and existing policy, regulation, and even
technical tools have evolved around these distinctions. Fossil power plants are distinctly
generation, and wires and transformers are distinctly transmission or distribution, depending on
voltage class. In contrast, energy storage systems may be located on either the transmission or
distribution network (or even on the customer side of the meter), and they have characteristics
that sometimes bring value to generation and other times to transmission or distribution. As a
result, it is often not possible to benchmark storage clearly with identical size, usage, and
location against a conventional grid asset. Furthermore, there are business cases and regulatory
complexities. Generation is deregulated, and generation companies make their business cases in
the California Independent System Operator (CAISO) market, where transmission and
distribution assets are allowed a regulated return on investment. The owners of these assets differ
as well; independent power producers (IPPs) own most of the generation assets, and investor-
owned utilities (IOUs) own most T&D assets in California.

Energy storage has promising drivers of growth, including increasing grid flexibility needs due
to a trend toward higher quantities of variable wind and solar generation, and huge investment in
battery R&D and manufacturing capacity, driven by the consumer electronics and electric
vehicle industries. However, storage has remained too expensive to be justifiable for single-
service usage, in most cases. As a result, advocates of energy storage and early adopters have
taken an exhaustive approach to identifying the benefits of storage, listing dozens of benefits that
energy storage may be able to provide to the electric system. Lists of such benefits have been
relatively consistent in spirit, but the terminology and definitions have varied, and clear
distinctions have been difficult to create. As a result, to perform high-fidelity analysis, care must
be taken to ensure that benefits are distinct and do not overlap. Additionally, although certain
identified services and benefits could be compatible to combine and perform with a single energy
storage system, others may compete with one another or be otherwise incompatible. Clear
definitions of requirements, benefit calculations, and multiple use compatibility are critical for
reliable, repeatable analysis.
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To address these issues and the confusion that can result, EPRI has proposed a methodology to
clarify energy storage valuation by stage. The journey through stages of energy storage valuation
is illustrated in the next section.

Energy Storage Valuation Stages

Before delving into valuation, it is important to clarify foundational terminology. In this report, a
grid service is defined as a distinct function of a grid asset to support the electric system, which
contains a set of 1) technical requirements and 2) benefit calculations. A use case is defined as an
integrated set of grid services performed by a technology at a distinct site or location on the grid.

Storage Cost Versus Individual Grid Service Benefits

As previously mentioned, the foundational issue with the valuation of energy storage is that

cost of storage typically exceeds benefit for individual grid service. In the example shown in
Figure 2-1, a hypothetical battery storage system is located within a utility’s distribution system.
The energy storage may be technically capable of supporting a number of grid services, and no
single grid service can support the cost of the storage system. Storage cost includes the fully
integrated storage system, including storage technology, power electronics, controls, balance of
plant, installation, commissioning, and integration in the electric system. Grid services are shown
here for illustration, and definitions are provided in Chapter 3.

“[Variable |

| | Cost-benefit gaps |

i
i
Cost T&D Systemn Energy Spinning  Regulation
Upgrade Capacity  Time-Shift  Reserve
Deferral (Arbitrage)

Figure 2-1
Comparison of Storage Cost Compared to Individual Grid Service Benefits

“Stacking” the Benefits of Energy Storage

Each of the services shown in the illustrative example may only require a fraction of the
operational capability and availability of the energy storage system. For example, the “T&D
Upgrade Deferral” may be triggered by a very small number of annual peak load events,
perhaps 10 days per year. It is therefore possible that a storage system designed to offload a
T&D asset during infrequent peaks may have significant opportunities to provide additional
benefits to the electric system.
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To begin to illustrate the potential value of the energy storage system in a use case, we can look
at the potential of stacking the benefits from each grid service as a simple sum. This is illustrated
in Figure 2-2.

Cost Simple T&D System Energy Spinning  Regulation
Surn Upgrade  Capacity Time-Shift  Reserve
Deferral {Arbitrage)

Figure 2-2
Benefit Stacking as a Simple Sum

If benefit stacking of this type were possible, the results provide a compelling look for storage in
this illustration. The “simple sum” of benefits is the cost of storage. However, a simple sum of
benefits does not account for the operational realities of energy storage on the grid. Returning to
our example of the T&D Upgrade Deferral, the storage system may need to be reserved for a
number of days each year to offset peak load hours because it has been installed in lieu of a line
or transformer upgrade; therefore, its availability to perform other services should be constrained
to meet this commitment prior to addressing other grid services that may provide additional
value. Furthermore, it is not possible to perform all the other grid services simultaneously, and
the energy storage scheduler would need to choose the most valuable service for the storage
system to provide at any given time. The value for providing energy, regulation, spinning
reserve, and other services typically changes from hour to hour.

Calculating “Technical Potential” of Storage

The next phase of storage valuation is defining “technical potential,” which 1s the value that an
energy storage system may be capable of providing from a technical-only perspective, with
optimized operation to maximize value. Figure 2-3 illustrates “technical potential,” which shows
a reduction in value from a simple sum of individual benefits, because the value incorporates an
optimized simulation of storage operation under the operational and availability constraints of
providing multiple grid services. In a nutshell, the goal is to answer the following question: What
are the direct, quantifiable costs and benefits of energy storage in a specific use case, aggregated
across all electric system stakeholders of energy storage? This phase of the analysis is analogous
to the Total Resource Cost (TRC) test in the California Standard Practices Manual. TRC test
aggregates the benefits and costs of all electric system stakeholders, including utilities and
ratepayers, into a single cost-effectiveness analysis.

Technical potential ignores any indirect costs or benefits of storage operation, such as
environmental impacts or improvements in the operation of the electric system. It also ignores
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business and regulatory complexities that affect energy storage valuation. These will be
addressed in later phases.

Cost Simple  Technical
Seirn potential

Figure 2-3
Energy Storage Valuation Technical Potential

Calculating “Monetizable Potential” of Storage

For an owner of energy storage, the cost-benefit calculation is more accurately shown by the
monetizable potential in Figure 2-4. This is the portion of the direct, quantifiable value identified
in the technical potential that the owner of the energy storage could actually be paid for. If there
are third parties required or specific regulatory constraints, it may not be possible for the energy
storage owner to capture all of the values that it creates in its operation.

mj“—" 3 6 L N
{Variable o

Cost Simple  Technical Monetiz-
Sum potential able
Potential

Figure 2-4
Energy Storage Valuation Monetizable Potential

The appearance of this value stacked bar may vary depending on market circumstances and the
owner of the device. Each of the stacked values may shrink proportionally, as shown in the
figure above, or perhaps certain sections will disappear entirely. For example, under current
regulation, a utility owner may be challenged to own energy storage that makes money by
performing market services, like frequency regulation and spinning reserve.
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Calculating “Monetizable Potential (nth unit)” of Storage

The “monetizable potential” as discussed is still not the entire story of the business case for
energy storage. Currently, the CPUC is investigating potential procurement targets of energy
storage in the State of California. Under different energy storage deployment scenarios, the value
of energy storage may change. Change in value may be more notable when energy storage
performs grid services with shallow demand, where storage has low marginal cost of performing
the service, giving it the potential to become a “price maker” and set the marginal value of
performing the service. In this phase, we are interested in the monetizable value of energy
storage after a certain number (“n” units) of energy storage have been deployed. This accounts
for the extra competition present with energy storage on the grid. It is expected that the
monetizable value of energy storage decreases as deployment increases. This is, essentially, the
Law of Diminishing Marginal Returns from the field of economics. The cost-benetit comparison
at this stage of analysis is illustrated in Figure 2-5.

Cost Simple Technical Monetiz- Monetiz-
Sum  potential  able able

Potential Potential

f(lst unit)i {nth zmit}z

Figure 2-5
Energy Storage Valuation Monetizable Potential Under Deployment

Calculating Societal Benefits of Storage

Thus far, successive negative adjustments to the cost-effectiveness potential of an illustrative
energy storage use case have been illustrated. However, energy storage may provide benefits to
the electricity system and society, perhaps by improving utilization T&D assets, enabling the
fossil generator fleet to operator more efficiently, or by increasing the levels of wind and solar
that can be accommodated by the electricity system. Quantifying these benefits with high fidelity
requires the usage of more detailed analysis tools that represent the existing generators, as well
as the transmission and distribution systems. Currently, there is no “all-in-one” tool to answer all
the relevant valuation questions for storage at the bulk electricity systems, but several studies
have attempted to address pieces of this challenging area. Traditional production simulation tools
are currently being enhanced and applied to understanding the effects of storage on the
transmission system. These are long-term analysis projects with numerous assumptions, as well
as long setup and run times, and modeling limitations, but the results of the analysis could be
enormously valuable if model features fully support storage and the analyses were run properly.
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An illustration of the costs and benefits of energy storage, including additional second-order and
societal benefits, is illustrated in Figure 2-6.

| GHG Reductions? }\

 Production Cost Savings? | \\

Cost Simple  Technical Monetlz- Monetiz- w/
Sum potential able able Societal
Potential Potential  Benefits
{1st unit) [nth unit)

Figure 2-6
Energy Storage Valuation Monetizable Potential Under Deployment with Societal Benefits

Calculating Business Cases for Energy Storage

The ultimate stage of energy storage value analysis is the business case. The illustration in
Figure 2-7 shows a gap where cost exceeds benefit for “Monetizable Potential (nth unit).”
However, “w/ Societal Benetits” shows benefits exceeding cost.

[Variable |

Cost Simple  Technical Monetiz- Monetiz- w/ Business
Sum potential able able Societal Case
Potential Potential Benefits
{1stunit] {nthunit}

Figure 2-7
Energy Storage Business Cases

Because the storage owner is earning benefits equivalent to “Monetizable Potential (nth unit),”
the owner would not have incentive to build a storage project in this case. For storage to show a
feasible business case, the gap would have to be filled, either through a cost reduction or an
increase in benefits. Ultimately, the real business cases for storage, not simulated technical

2-6
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potential, monetizable potential, or societal benefits—will define the adoption potential for the
technology.

The business case potential for storage is best considered after this journey through valuation,
because each step informs the setup of the subsequent step.

Energy Storage Valuation Methodology

The preceding section illustrated the complexity of energy storage valuation and the need for a
methodical approach to this analysis. This section summarizes an energy storage valuation
methodology used to generate similar cost-benefit comparisons illustrated in the preceding
section. An overview of the EPRI Energy Storage Valuation Methodology is illustrated in
Figure 2-8.

eDefine direct  oDirect benefits  eindirect impacts «Monetizable

benetit of combined of storage value to storage

calculation services deployment owner under
oDefine *Simulate “15 and operation  real world

technical unit” cost- eEnvironmental ~ assumptions

reguirements effectiveness impacts

by service

Figure 2-8
Overview of EPRI Energy Storage Valuation Methodology

Phase I: Define Grid Services

Phase 1 of the energy storage valuation methodology is defining grid services. Depending on the
grid service in question, there will be a specific set of technical requirements and a benefit
calculation expression.

For example, the technical requirement of a distribution investment deferral triggered by load
growth may be expressed in terms of the minimum capacity, duration, and availability of the
energy storage system. To achieve a deferral, the energy storage system would need to have
sufficient capacity (power) to offset projected load growth on the deferred asset upgrade,
sufficient duration of energy stored to address the length of expected peak load, and availability
for all peak days. The specifics for these technical requirements may vary from site-to-site and
utility-to-utility, and in some cases they may not be fully developed in terms of storage
requirements, if the grid service has not been performed by storage in the past. Technical
requirements for grid services administered through independent system operator (ISO) markets
are typically more well-defined, although even they may have been developed with a resource-
centric (“what the conventional asset can do”) rather than a system-centric (“what the grid
needs”) perspective.

The benefit calculation for the distribution deferral service would be an expression that
incorporates the time value of money for the expected length of the deferral of the overnight cost
of the asset upgrade in this case. Once again, this would need to be validated on a site-specific
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basis. For grid services that have a transparent ISO market, it is significantly simpler to calculate
the value of the service by the price of market clearing.

For all grid services analyzed in this report, the technical requirements and benefit calculation
methods are quantified.

Phase 2: Identify Feasible Use Cases

After the underlying grid services have been quantified, the next phase of the storage valuation
methodology is to combine these services into a use case. The operation of the storage system is
then simulated to follow a prioritization and optimization to understand its use case value.

The prioritization of service in the use case follows the duration of the commitment and severity
of the penalty of not being available. In the previous example, the use case contains a T&D
deferral, system capacity, and market services (energy, spinning reserve, and regulation service).
Typically, it would be expected that the commitment of a distribution deferral would be multiple
years, and the energy storage would be relied upon to offset load growth during peak load
periods. As a result, the distribution deferral would take highest priority. System capacity is
another high-priority grid service because it represents an avoided cost of not building a marginal
fossil generator. However, this payment is typically paid yearly or monthly, so the term of
commitment is not as great; also, there is significantly more resource diversity at the
transmission system level than there is on a distribution feeder, so failure to be available to
provide system capacity, while important, would likely be a lower priority than the distribution
deferral service. Finally, the majority of market services are scheduled in the day-ahead ISO
market. Depending on the opportunities available in the market, the storage system could then
optimize its value by providing the most profitable services throughout the day.

The goal in Phase 2 of the methodology is to identify use cases with good prospects for cost-
effectiveness. It also informs the understanding of key input sensitivities that could affect the
cost-effectiveness of storage. This is the key phase of focus in the CPUC project.

Phase 3: Understand Grid Impacts

The purpose of Phase 3 of the methodology is to understand the potential grid impacts of
different deployments of energy storage on the electric system. This phase will enable improved
understanding of secondary and societal benefits (or costs) associated with operation of energy
storage. Grid impact analysis, performed with load flow simulation or production cost simulation
tools, among others, may improve understanding of answers to the following questions (and
others):

1. What are the overall effects of different storage deployment scenarios on the total
production cost of electricity?

2. What are the effects of storage deployment scenarios on greenhouse gas emissions?
3. How do energy storage deployment scenarios impact the value of grid services?

4. What are the effects of storage deployment scenarios on the operation of individual
generators?

5. How do storage deployments affect the transmission system utilization and load factor?

2-8
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Modeling of grid impacts can inform planners and operators of the potential effects of storage on
the rest of the system and help them to use storage most effectively. These analyses can also
inform regulators and policy-makers of the potential societal costs and benefits to energy storage
deployments that are not necessarily monetizable by the energy storage owner.

Grid impact models often contain significant detail of the transmission system and generators. It
can be very time-consuming to set up and run these analyses, and it is even more difficult to
clearly convey the underlying assumptions to stakeholder. As a result, these analyses are
necessarily limited to a subset of the potential scenarios of interest. For this reason, it is
important to understand the cost-effectiveness potential of a use case prior to this level of detail
to target grid impact analysis to validated use cases.

-
m
ﬂ

=

Cost Simple |Technical Monetiz- | Monetiz- wf Business
Sum potential able able Societal Case
Potential | Potential  Benefits
{Lst unit) | [nthunit

The “Analytical Chasm”

Figure 2-9
Grid Impact Analysis “Chasm”

The interface between Phase 2 and 3 of energy storage valuation methodology could be referred
to as the “analytical chasm,” illustrated in Figure 2-9. Due to the resource-intensity of Phase 3, it
is possible for a grid impact analysis to be derailed if the key assumptions are not informed to
sufficient depth and the scenarios of interest are not carefully crafted. As a result, grid impact
analysis should be performed very judiciously.

Although the results in this report do not address the issues of grid impact analysis, they would
be useful to inform specific cases and scenarios to test in a future analysis project that does
address those issues.

Phase 4: Business Cases

The final stage of this energy storage valuation methodology is the understanding of real
business cases under different scenarios. All previous phases build to this point, which seeks to
understand the business realities facing an energy storage owner and may include a number of
complex sources of value and cost, including real energy storage business models and economic
effects of specific federal or state policies relevant to energy storage

2-9
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Overview of Energy Storage Valuation Tool

The EPRI Energy Storage Valuation Tool (ESVT) is important for facilitating the valuation
methodology summarized in the previous section.

ESVT Strengths

EPRI has developed the Energy Storage Valuation Tool Version 3.1 to enable the assessment of
energy storage cost-effectiveness in different use cases. ESVT was designed with goals of 1)
site-customizable, 2) user-friendly, and 3) model and input transparency. With a step-by-
step user interface, it guides the user through the necessary steps to define and enter data for
energy storage use cases (see Figure 2-10).

-

Model Details

Figure 2-10
ESVT User Interface

Full scope of quantifiable grid services. ESVT calculates the value of energy storage use cases
considering the full scope of the electricity system, including system/market, transmission,
distribution, and customer services.

Supports a wide range of energy storage technologies. ESVT also models a wide range of pre-
loaded storage technologies, including several battery technologies, compressed air energy
storage (CAES), and pumped hydropower, leveraging EPRI’s domain expertise in understanding
the cost and perfomance of different storage technologies. It also models combustion turbine
operation for business case comparison purposes. Input parameters of all technologies can be
customized to best match the knowledge and expectations of cost and performance of the user.
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Supports grid impact / production cost modeling analyses. ESVT can play an important role
to inform grid impact analysis. Grid impact analysis should be set up with appropriate
assumptions and scenarios that are more likely to result in energy storage cost-effectiveness. If
there is little chance that a specific use case will result in cost-effectiveness, there is little
justification for trying to understand the impacts of that use case under different levels of
deployment. Where an ESVT analysis run can be set up and run in minutes-to-hours, a
production simulation analysis run may take orders of magnitude additional effort, potentially
days-to-weeks or longer. ESVT can be used to find high potential use case inputs and important
sensitivities prior and in parallel to production cost modeling efforts.

How It Works—Inputs and Outputs

ESVT simulates energy storage operation for different use cases with compatible grid services,
based on user selections of location-specific load and price data, owner financial characteristics,
and technology performance and cost information. The ESVT simulation engine utilizes a
hierarchical dispatch that prioritizes long-term commitments over shorter ones and co-optimizes
for energy storage system profitability across services where decisions are made in the day-ahead
market. A diagram of the key inputs, model operation, and outputs are displayed in Figure 2-11.

INPUTS MODEL OUTPUTS

NPV Cost / Benefit

Prices / Loads

Storage Priority / Bid / Dispatch

Hardit

Financial Assumptions A AU W Detailed Financials

Storage Cost/ Performance

Figure 2-11
Diagram of ESVT Inputs, Model, Outputs

ESVT’s outputs include financial results such as NPV, financial pro forma statement, technical
simulation outputs, such as counting of battery cycles and their depth of discharge. It also
provides an array of grid service-specific results, such as annual revenue by service (Figure 2-12)
and hourly dispatch results (Figure 2-13). The tool calculates the potential value streams from
chosen grid service, accounting for the site-specific benefits and technical requirements to
provide the service.
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Seiéctad Annual Revenue Services
[ Distribution Investment Deferral

Figure 2-12
ESVT Example Output: Energy Storage Annual Revenue by Grid Service

s

i aniiiaabiiig

Figure 2-13
ESVT Example Output: Energy Storage Hourly Dispatch by Grid Service

The Energy Storage Valuation Tool development continues with an updated model (Version 4)
expected in mid-2014. Version 3.1 (issued April 2013) is currently available for public purchase
from www .epri.com (Product ID: 3002000312).

What ESVT does not do

ESVT was developed to support Phase 2: Feasible Use Cases, of the energy storage valuation
methodology. As a result, it is not intended to quantify the indirect grid and societal impacts of
energy storage deployment.
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ESVT does not currently quantify the following:
1. Greenhouse gas impacts of storage deployment
2. Market price impacts of storage deployment
3. Asset utilization impacts for generators and transmission system

ESVT is a flexible tool for quickly assessing the relative cost-effectiveness of energy storage
under different use cases, including a wide range of grid services, technologies, and market
assumptions.

The output results of ESVT analyses, as provided in this report, represent an early phase of
rigorous energy storage valuation efforts. The ESVT provides a user-friendly, transparent tool to
pivot storage cost-effectiveness analyses and inform multi-stakeholder conversations, but it is not
intended to replace the grid reliability analysis or production cost modeling tools.
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3

APPLICATION OF ENERGY STORAGE VALUATION
TOOL TO UNDERSTAND CPUC-DEFINED USE CASE
COST-EFFECTIVENESS

Scope of this Analysis

sDefine direct  #Direct benefits Jeindirect impacts *Monetizable
benefit of combined of storage value to storage
calculation services deployment owner under
«Define oSimulate “15t and operation  real world
technical unit” cost- sEnvironmental  assumptions
reguirements effectiveness impacts
by service

Figure 3-1
Energy Storage Valuation Methodology: Scope of CPUC Analysis

The scope of the EPRI analysis for the CPUC, as framed by the EPRI Energy Storage Valuation
Methodology is displayed in Figure 3-1. For CPUC-defined use cases, EPRI performed Phase 1
and 2 of the methodology, described in detail in Chapter 2. The result of Phase 2 is an
understanding of estimated cost-effectiveness for energy storage, considering only direct,
quantifiable costs and benefits of energy storage operation, from a TRC perspective. Also, the
results enable an assessment of relative cost-effectiveness between use cases, as well as the
relative importance of different inputs to the cost-effectiveness outputs, i.e. sensitivity analysis.
The Energy Storage Valuation Tool (ESVT) was designed to support the role required in Phase 2
of the methodology.

Summary of Defined CPUC Use Cases

Throughout the CPUC’s energy storage OIR proceeding, there have been a number of concepts
for energy storage use cases that have been defined to varying degrees. The use case concepts
are listed in Table 3-1 and are described in more detail within the CPUC staff report from
January 2013 [3]. Defined use cases cover a broad range of energy storage sites, uses, and
technologies and may range in size from hundreds of megawatts to kilowatts and energy duration
of tens of hours to only minutes. The highlighted items indicate the use cases that received focus
in the EPRI analysis.

3-1

SB GT&S 0161653



Table 3-1
List of CPUC-Defined Use Cases for Energy Storage and Cases Chosen for Analysis

Use Cases Categori

«19 R ‘%fggfz@% ;{/

=

- - @

Customer Bill Management
Customer Bill Management w/ Market
Demand-Side (Customer-Sited) |Participation

Energy Storage Behind the Meter Utility Controlled
Permanent Load Shifting
EV Charging

Prioritized CPUC Use Cases for Analysis

Due to the time and resource constraints of this analysis, it was necessary to prioritize a subset of
the CPUC use cases and supporting scenarios. The goal of the prioritization of cases was to
achieve sufficient depth and breadth to inform the stakeholders of technical potential for cost-
effectiveness in some of the use cases that garnered significant interest. The CPUC technical
staff ultimately directed the prioritized use cases, but the choice of priority should not be
interpreted as favoring the chosen use cases over the other options. The relative clarity of use
case and grid service definitions, as well as the availability of supporting data, factored into the
ultimate decision of use case and scenario priorities by the CPUC, not necessarily the relative
perception of value.

Bulk Storage Use Case (Peaker Substitution)

The bulk storage (peaker substitution) use case involves the comparison of energy storage to a
gas-tired peaker generation unit. This use case considers energy storage that provides grid
services that the peaker generation would have access to, including system capacity, energy sales
(time-shift/arbitrage for storage), frequency regulation, spinning reserve, and non-spinning
reserve. For this use case, the energy storage systems investigated were all 50 megawatts (MW)
or larger in size.

Ancillary Service-Only Use Case

The frequency regulation use case assumes specialized usage of a large battery, flywheel, or

other short-duration energy storage technology, to provide frequency regulation service to the
CAISO system. Due to the potential for fast and accurate response and ramping capability of
energy storage, these systems may generate an enhanced value compared to fossil generators,
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which is expected to be monetizable in the CAISO market as a performance payment, resulting
from FERC 755’s frequency regulation pay-for-performance ruling.

Distribution Energy Storage at Substation Use Case

The distribution energy storage at substation use case assumes a similar usage of the energy
storage system to the bulk storage use case, but with the added grid service of a distribution
investment deferral. It assumes that the storage is located on the low voltage side of a substation
transformer or line that requires an expensive upgrade triggered by slow load growth and
infrequent peaks, which can be offset by the energy storage system for a few years. The use case
assumes that the storage is also earning value by participating in the capacity and day-ahead
energy and ancillary services markets. Due to regulatory issues raised previously, it may not be
possible to monetize this use case currently, but the analysis intends to demonstrate the first-
order technical potential for energy storage cost-effectiveness.

Process for Obtaining Analysis Inputs

All inputs for this analysis were provided by the CPUC technical staff. To generate these inputs,
the technical staff (led by Aloke Gupta) sought to reach consensus from a core stakeholder
group, which included representatives from the California Energy Storage Alliance (Giovanni
Damato and Chris Edgette) and the three California investor-owned utilities, Pacific Gas &
Electric (Daidipya Patwa), Southern California Edison (David Castle), and San Diego Gas &
Electric (Armando Infanzon). The CPUC technical staff used its discretion to provide a final list
of inputs and key input sensitivities to investigate in the analysis utilizing the Energy Storage
Valuation Tool.

To support clarity of understanding, the CPUC held a weekly update teleconference between
CPUC, EPRI, and CESA to clarify the inputs and status of the analysis. Prior to the draft results
presentation on March 25, 2013, there were also two preliminary results meetings, which
included the representatives from the investor-owned utilities, where there was opportunity to
discuss the inputs and preliminary results in more detail and format the results of the analysis in
a way that would be most valuable.
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4

USE CASE 1: BULK ENERGY STORAGE MODELING,
INPUTS, ANALYSIS, AND RESULTS

Details of Model Operation
Overview of the Use Case

In this use case, storage systems are used to replicate the operation objectives of a peaking fossil
generator. It generates value to the electric system by offering peak system capacity (resource
adequacy) while participating in the energy and ancillary services markets. Specifically, the
services included in this use case are system capacity, electric energy time-shift (arbitrage),
frequency regulation, spinning reserve, and non-spinning reserve.

Model Dispatch Logic

In general, storage dispatch in ESVT is based on the storage system’s technical constraints
(duration, capacity, efficiency, variable O&M cost).Dispatch is also based on the nature of the
service in the use case (market participation requirement, expected length of availability,
frequency of dispatch). ESVT dispatch logic prioritizes long-term commitment over short-term
commitment first, then it maximizes total profitability for equivalent priority day-ahead market
services using an dispatch optimization. In this use case, system capacity has higher priority than
other services. Market and ancillary services are co-optimized on the same level.

System Electric

Supply Capacity
I
[ I I ]
Electric Energy : Spinning Non Spinning
Time Shift Regulation Reserve Reserve
Figure 4-1

Use Case 1 Hierarchy for Bulk Storage Grid Services

Grid Services Included in This Use Case

In this section, we will discuss how each service in this use case is modeled in more detail.

System Electric Supply Capacity

Definition
System electric supply capacity is the use of energy storage in place of a combustion turbine
(CT) to provide the system with peak generation capacity during peak hours. Storage systems
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that can successfully fulfill the service requirements are compensated with the system capacity
value, which is equal to the Cost of New Entry (CONE) in the resource balance year, which is
derived with ESVT. The resource balance year is defined as the year when peak load demand
meets available generation capacity.

Under ESVT assumptions, which is user defined, the storage system must have a minimum
duration of 4 hours to qualify for this service. Capacity hour each months are defined as the
top 20 load hours each month. Probability for storage to dispatch during capacity hour is 100%.

Dispatch Decision

The dispatch for system electric supply capacity has higher priority than other AS services but a
lower priority than distribution investment deferral. The storage system is charged before
capacity hours to ensure that it has enough energy at the beginning of capacity hour, and it
discharges at full qualifying capacity during capacity hour.

Benefit Calculation
System Electric Supply Capacity Benefit = Capacity Payment ($/kW-yr) * Storage Qualifying
Capacity *Capacity Derate

1. Capacity payment is different every year. The user can enter two values for this capacity
payment: current year capacity value and resource balance year CONE. If the current
year is the resource balance year, then the system capacity value and resource balance
year CONE are the same. If not, the user can modify the input “Years Until Resource
Balance Year” to let the model know how many years are between the current year and
resource balance year; then the system capacity price will be escalated from current year
to resource balance year.

2. Qualifying capacity is a measure to make sure that the battery has the required duration to
meet system capacity requirement. The default assumption for the duration requirement is
4 hours, which means a 50-MW/2-hr battery would earn value as a 25-MW/4-hr battery
for this service. The qualifying capacity in this case is 25 MW.

3. Capacity Derate occurs when, in the actual dispatch, there are circumstances where the
consecutive peak load hours are longer than the storage duration or that the storage is
required to do other higher-priority services, so the storage system is not able to meet
requirements for all the capacity hours. In those cases, the storage system will be derated
based on actual dispatch/qualifying capacity to reflect the real performance and
compensation.

Electric Energy Time Shift

Definition
Electric Energy Time Shift is the use of storage to buy energy during low-price hours and sell
during high-price hours.
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Dispatch Decision

Electric Energy Time Shift has lower priority than System Electric Supply Capacity and
Distribution Investment Deferral. After the storage system dispatches to fulfill the requirement
for these two services, the remaining capacity is optimized between electric time shift and AS
services. In a 24-hour window, the dispatch is optimized to “buy low and sell high.”

Benefit Calculation

Llectric Energy Time-Shift (Arbitrage) benefit = (Energy sales) — (Energy Cost) / (Roundtrip
efficiency) — (Variable O&M)

1. Electricity Sales ($) = Hourly Discharge * Hourly Energy Prices. Discharge is the same
every year, but the energy price escalates every year based on inflation and gas price
escalation rate.

2. Energy Cost (§) = Hourly Discharge * Hourly Energy Prices. Charge is the same every
year, but the energy price escalates every year based on inflation and gas price escalation
rate.

3. Roundtrip Efficiency (%) = The roundtrip efficiency is defined as the total energy out
divided by energy in, including losses in the power electronics, balance of plants, battery,
and control equipment. Parasitic losses are assumed to be included in this metric for this
analysis, but the user may separately define “housckeeping power” to decouple hourly
parasitic losses from roundtrip efficiency.

4. Variable O&M = Hourly Discharge(kWh) * Variable O&M Cost.

Regulation Service

Definition

Regulation Service (or Frequency Regulation) is the use of storage to follow the Balancing
Authority’s (BA) Automatic Generation Control (AGC) signal to balance short-duration
(seconds to minutes) imbalances to maintain the grid’s fundamental system frequency (60 Hz in
the U.S.).

Market Bidding and Dispatch

Regulation service has lower priority than system electric supply capacity. To provide this
service, the storage system must have at least 15 minutes of capacity available. Its dispatch is on
the same priority level and co-optimized with other ancillary services and electric energy time-
shift to maximize market profit. The CPUC analysis is done for California electricity markets,
which has a separate market and dispatch for regulation up and regulation down. Both storage
system charging (load) and discharging (generation) may participate in Regulation in the ESVT
simulation.

Also, due to intensity of calculation, this analysis did not take into account intra-hour (4 sec)
dispatch in this case. Resulting hourly dispatch is calculated from regulation market bids by
multiplying an intra-hour energy factor for regulation up and regulation down.
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Benefit Calculation

Storage bids its available capacity (MW) into Regulation Up and Regulation Down markets.
Storage is compensated based on hourly regulation market prices for following a dispatch signal.
It also earns value based on day-ahead energy prices for energy discharged and is charged for
energy that it consumes. The ability to bid regulation is based on the full difference between
discharge and charge capacity.

Regulation Benefit = Regulation Market Revenue + Electricity Sales Revenue — Regulation
Charging Cost — Variable O&M Cost

Synchronous Reserve (Spinning)

Definition

Synchronous reserve (spinning) is generation capacity that is already operating and synchronized
to the system that can increase or decrease generation within 10 minutes. Synchronous reserves
are procured by the ISO on an hour by hour basis in a competitive market. Energy storage may
be capable of bidding in the synchronous reserve market to supply synchronous reserves.

Market Bidding and Dispatch

Synchronous reserve is on the same hierarchy level as other market services. Its bidding and
dispatch is co-optimized with other day-ahead market services, including energy and ancillary
services. Synchronous reserve does not dispatch, but the storage system must contain at least one
hour of energy to qualify, in case it is called, due to a system contingency event. Both the storage
system’s charge and discharge capacity may be bid into this service. For example, idle storage
with greater than one hour of energy may bid its rated capacity, and storage charging at full rated
capacity may bid two times (2x) its rated capacity, because the storage can stop charging and
begin discharging. Therefore, a SOMW storage system may bid 100MW of synchronous reserve.

Benefit Calculation
Synchronous Reserve Benefit = Synchronous Reserve Bid*Synchronous Reserve Price

Non-Synchronous (Non-spinning) Reserve

Definition

Non-synchronous (Non-spinning) reserve is an ancillary services product that consists of off-line
generation that can be ramped up to capacity and synchronized to the grid in less than 10 minutes
when responding to an event.

Market Bidding and Dispatch

The storage system must reserve at least one hour of duration and the storage capacity (MW) bid
when it agrees to provide this reserve. The storage system may not be discharging at full capacity
or otherwise obligated to possibly discharge during hours when it is providing this reserve.
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Benefit Calculation

The storage system bids capacity into non-synchronous reserve markets and is paid based on
hourly market clearing prices for its availability. The storage system attempts to maintain a full
charge so that it can offer its full discharge capacity in all hours. If a system is discharged (based
on a small probability of non-synchronous reserves being called), it also receives the energy
price during the hour of discharge, which is represented by electricity sales in the NPV benefit
table.

Non-Synchronous Reserve Benefit = Non-Synchronous Reserve Bid *Non-Synchronous Reserve
Price

Summary of CPUC-Provided Inputs

ESVT requires various types of inputs ranging from system and market inputs to specific storage
technical inputs. The inputs shown in this section were provided by CPUC staff and multiple
stakeholders. The input collection process is described in more detail in section 3 of this report.
In short, EPRI provided CPUC staff with an ESVT input template based on the services in the
use case, and CPUC staff and stakeholders provided inputs based on the input template. Detailed
input spreadsheets for this analysis were made public in the March 25 workshop at CPUC. This
section seeks to highlight inputs provided by the CPUC staff.

Global Financial Assumptions

As illustrated above, ESVT accepts a wide range of different inputs. To simplify the inputs, a
few financial assumptions are fixed throughout the use case. As shown in Table 4-1, global
financial assumptions are used consistently in the base case and in the sensitivity analysis to
make comparison easier. The discount rate, inflation, and tax rates stay the same throughout this
analysis.

Table 4-1

Global Financial Assumptions

Input 2020 2015
Financial Model | IPP IPP
Discount Rate 11.47% 11.47%
Inflation Rate 2% 2%
Fed Taxes 35% 35%
State Taxes 8.84% 8.84%
Market Inputs

To calculate the value of a storage system bidding in the ancillary services and energy markets,
the price data from those markets are essential. ESVT takes one year of historical hourly price
data (day-ahead market) as the basis for each of the market services. These data are then used to
generate future-year prices based on user-provided price escalation rates. Based on the price data
and other inputs, the model decides the optimal bidding and dispatch of the storage system for
the project life.
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The base case in this use case has a project start year in 2020. To generate the price input for the
project start year, CPUC staff and stakeholders chose a reference year (2011) and escalate the
reference year price with an escalation rate to reach 2020 prices. Later in this use case, a
sensitivity analysis was conducted for project start year in 2015. The 2015 price inputs were
generated in the same fashion, by escalating reference year (2011) price to 2015. Table 4-2
shows the average value of the price data used for the ancillary and energy services. The inputs
of this report are hosted at the webpage of the CPUC Storage Proceeding [4].

Table 4-2
Summary Table of Market Prices
Reference | Project Start | Project
Input Type Year Avg. | Year 2020 Start Year
Price Avg. Price* 2015 Avg.
Price
Energy ($/MWh) 30.62 39.96 3447
Regulation Up ($/MW-hr) 9.20 12.01 10.36
Regulation Down ($/MW-hr) 6.93 9.04 7.80
Synchronous Reserve ($/MW-hr) 7.22 9.43 8.13
Non-Synchronous Reserve ($/MW-hr) 0.98 1.28 1.11

*Escalated from Reference Year to Start Year at “Energy & A/S Escalation Rate” input
Market Price ESVT Model Input Summary for Base Case.

Alongside with the price inputs, several other inputs are needed to calculate the value of each
market service, as illustrated earlier in this chapter in the model detail section. These additional
inputs can be found in Table 4-3.

Table 4-3
Use Case 1 Market Inputs Table
Input Name Inputs
Market Price/Load Reference Year CAISO 2011
Project Start Year 2020
Escalation Rate from Ref. Year to Start Year 3%
Escalation Rate After Start Year 4%
Allow Load (Storage Charge) to Bid Regulation? Yes
Regulation Pay for Performance Factor 1.0x (no adjustment to base case)
Hourly Energy Deviation for Regulation Up 11.34%
Hourly Energy Deviation for Regulation Down 13.43%
Allow Load (Charge) to Bid Spinning Reserve Yes
System Capacity Value at Project Start Year 2020 161
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Table 4-3 (continued)

Use Case 1 Market Inputs Table

System Capacity Value at Project Start Year 2015 75
Cost of New Entry (CONE) 161
Resource Balance Year 2020
System Capacity Storage Min Duration (hr) 4
Capacity Hours Reserved Per Month 20
Probability to Dispatch During Capacity Hours 100%

Storage Technology Inputs

For the base case, a battery with a capacity of 50 MW/2 hr was chosen. Table 4-4 lists the

summary technology inputs provided by CPUC.

Table 4-4
Use Case 1 Technology Inputs
Technology Battery
Configuration Capacity (MW) 50
Nameplate Duration (hr) 2
Plant Life (yrs) 20
Performance Lifetime Battery 1
Replacements*
Roundtrip Efficiency (%) 83%
Cost Capital Cost (§/kWh) in 2020 528
Variable O&M Cost ($/kWh) 0.0003
Fixed O&M Cost ($/kW-yr) 15
Battery Replacement Cost 250

* Battery replacement cost is nominal $250/kWh in year of
replacement across all years. Assumes that reductions in real
battery-replacement cost will offset inflation.

**Inputs in this table are in 2020 dollars

Results of Base Case

Given the inputs shown in the sections above, the resulting stacked bar chart is shown in

Figure 4-3. Based on the inputs provided by the CPUC working group, the base case for the bulk
storage use case has a benefit-to-cost ratio of 1.17. The storage system generates a large part of
its revenue from regulation service. The base case returned a breakeven capital cost of $842/kWh
in 2013 real dollars. Breakeven capital cost is defined as the cost of the fully integrated storage

system that would yield a benefit-to-cost ratio of 1.0 in the ESVT model.
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Use Case 1: Base Case
Peaker Substitution with SOMW /2Hr Battery in 2020
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Figure 4-2
Use Case 1: Base Case Result

Overview of Scenarios and Sensitivities

The cost-effectiveness of a storage system providing a combination of grid services is dependent
on an array of inputs. The result could look very different when there are changes in the
technology cost, configuration, market conditions, and many other factors. The base case shows
only one possible combination of those inputs. In order to further analyze the impact of different
inputs on the result, EPRI was asked to run a series of sensitivity analyses. Detailed inputs were
provided by CPUC to perform these modeling runs. In those sensitivity analysis modeling runs,
all inputs are controlled to be identical to the base case while only the sensitivity variable is
changed.

Specifically, the CPUC technical staff were interested in three key areas of sensitivity analysis—
Energy Storage System Characteristics, Energy Market Conditions, and Project Start Year.
Figure 4-4 provides an illustration of the sensitivity analysis performed.
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Figure 4-3
Sensitivity Analysis Tree Diagram

Energy Storage System Sensitivity Analyses

The first set of sensitivity analyses were performed to test the impact of changing certain
characteristics of the storage system. The value that a storage system can provide is highly
related to its configuration, such as battery duration. How durable a storage system is will
determine how many replacements are necessary during the project lifetime, and directly impact
the cost of the project. On the other hand, CPUC was interested in alternative storage
technologies performing the same use case.

Battery Duration Configuration

Changing the duration of a battery system impacts both its capital cost and its ability to provide
energy to the grid. A battery system with longer duration is more costly to build, but the
increased duration may also allow it to provide more value. To test the difference, two modeling
runs with battery duration of 3-hour and 4-hour were performed alongside the base case, which
used a 2-hour battery. As illustrated in Figure 4-6, the cost-effectiveness of the 2 hour battery
was better than the 3-hour and 4-hour battery. Under the assumptions of this use case, the cost
increased by a greater multiplier than the benefit when duration was increased. One potential
explanation of this is that the majority of the market services modeled does not require a 4-hour
duration. Services like frequency regulation and spinning reserve require less than an hour of
duration to qualify.
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Sensitivity Analysis: Battery Duration

Table 4-5

Breakeven Capital Cost for Duration Sensitivity

. |BassCass

Breakeven Capital Cost in

2013 dollars

Benefitio Cost Ratio

$842 /kWh
($1684/kW)

1.17 1.10

Battery Durability / Battery Replacement Frequency

Duration 3ht

$594 /kWh
($1781/kW)

Duration 4hr
5465 Ik\Wh
($1860/kW)

1.05

The analysis assumes a 20-year project life for the base case. During this period, the storage
system is dispatching every day. Services such as electric energy time-shift (arbitrage) and
system capacity typically require deeper discharge on a daily or weekly basis, while frequency
regulation service requires shallow dispatch almost hourly. This high cycle count usage pattern

may lead to battery cycle life degradation in additional to time-dependent (“calendar life”)

degradation. This sensitivity analysis aims to understand the importance of battery durability by

assuming different battery-replacement frequencies. The base case assumes that there will be one
replacement for the entire project life (after 10 years). For this sensitivity analysis, two additional
modeling runs were conducted, with the assumption of two (every 7 years) and three
replacements (every 5 year) over the project life.
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Sensitivity Analysis: Battery Replacement Frequency

No. of Replacements

Breakeven rapﬁai Cmﬁt in
2013 dollar
Benefit to Cost Ratio

Base Case
(1X)

$842 /kWh

($1684/kW)

117 1.07

| Base + 2X
replace
$619 /kWh
($1238/kW)

| Base + 3X
replace
($754fKW}
0.97

As illustrated in the graphs above, increasing the number of replacements does not alter the
battery operation; the impact is solely on the cost side. In the base case, the cost to replace the
battery system is 25 million dollars. Because the cost of replacing a battery system is significant
compared to the total project cost, the model includes a battery replacement fund into the initial
capital expenditure. The battery replacement fund earns interest over time and is reduced every
time that a battery replacement occurs. Therefore, increasing the assumption for battery
replacement frequency raises the upfront capital cost as well as financing cost. It is observed
that, under the assumptions of this use case, the base case and the case with two battery
replacements were cost-effective. However, when there are three replacements over the 20-year
project life time, the benefit-to-cost ratio is less than 1, indicating that the case is no longer cost-

effective.
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Storage Technology Alternatives

Table 4-6

Alternative Technology Inputs for Use Case 1

inpul

o

A S )] [P

Nameplate Capacity MW

INameplate Duration {(hr} 2 té 8! 31

Capital Cost ($/kwh) -Start Yr Nominal 524 443 166 211

Capital Cost IS/WT - Start Yr Nomingl 1056 17720 1325 1684}

Project Life (yr) 20 200 100 35|

hmndtri;} Efficiency 83% 7586 82.50%

hfa riaghle ORM [S/Wh 000025 0.0002 ﬂ.mﬁ 0.003
Technology Cost / Fixed O&M (S/kW-yr 15 15 7.5 54

Performance Ma}m Replacement Frequency 1 0

IMaior Replacement Cost ($/kWwh) 250- .

MAQRS Depreciation Term {vr) % y; | 7 7

knergw harge Ratio [CAES) - - 0.7k

Full Capacity Heat Rate (CAES/CT} |- 3810}

He&t Rate Curve [CAES/CT) - - Eeewlhst

hurbme Efficiency Curve [PHS) - e whkst

Pump Efficiency (PHS) - - eewksth

The CPUC working group was also interested in the impact of utilizing different storage
technologies. For the purpose of this analysis, three additional modeling runs were performed to
access the cost-effectiveness of alternative technologies performing the same use case. The
alternative technologies selected were a flow battery, a pumped hydro storage (PHS) system, and
a compressed air energy storage (CAES) system.

The flow battery system inputs used in this case do not have a replacement cost, which means it
is assumed that no battery replacement would be necessary during its lifetime. It also has a
roundtrip efficiency of 75%, instead of 83% as the battery system used for the base case.

The pumped hydro storage system was modeled as a 300-MW/8-hr system with 100-year project
life. Because the size of the pumped hydro storage system is significantly larger than the base
case system, the resulting benefit value and cost are both higher.

The compressed air storage system used in this case is a 100-MW/8-hr system with 35-year
project life. Similar to the pumped hydro system, the above-ground CAES system in this case is
sized larger than the base case battery, resulting in larger costs and benefits bars.
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Use Case 1: Flow Battery Use Case 1: Pumped Hydro Use Case 1: CAES
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Figure 4-6
Sensitivity Analysis: Storage Technology

Overall, as shown in Table 4-7, the flow battery system has the highest breakeven capital cost
among all the alternative technologies included here.

Table 4-7
Alternative Technology Breakeven Capital Cost

Abv Ground

Breakeven Capital Cost in $675/kWh $223mwn $232/kWh
2013 dollars ($2699/kW)  ($1783/kW) ($1853/kW)
Benefit to Cost Ratio 1.23 1.32 1.27

Energy Market Conditions
Regulation Service Value

As shown in the base case, the revenue generated from regulation service makes up more than
half of the total revenues. Therefore, it is particularly important to understand the impact of
different assumptions made about regulation. Storage systems have an innate advantage to
provide regulation service because of their fast response capability. Especially in CAISO, where
there are separate markets for regulation up and regulation down services, a storage system that
can serve both as load and generation can potentially bid twice its capacity into the regulation
market. Under FERC order 755, ISOs were mandated to compensate resources based on their
performance. A sensitivity analysis was performed with regulation prices doubled to gauge the
impact of better compensation mechanism for storage performing regulation service. On the
other hand, due to the limited size of the regulation market, a large amount of storage
participation may reduce the profitability in the market quickly. To understand how storage will
do without regulation, another modeling run was performed with the base case minus regulation
service.
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Use Case 1: Base Case Sensitivity: 2X Regulation Price Sensitivity: No Regulation
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Figure 4-7

Sensitivity Analysis: Regulation Service Value

| |BaseCase |2XP4P | NoRegulation

Breakeven Capital Cost in $842 /kWh $1593 /kWh $433/kWh
2013 dollars ($1684/kW)  ($3186/kW) ($865/kW)

Benefit to Cost Ratio 117 1.38 098

Table 4-8
Regulation Service Value Sensitivity Analysis Breakeven Capital Cost

As illustrated in Figure 4-8, the 2X pay for performance pricing doubled regulation service
revenue while reducing the revenue generated from spinning reserve. When frequency regulation
service is removed from the equation, the storage system partially made up for the lost revenue
by bidding more for spinning reserve but still was not able to break even.

Gas and Market Price Escalation Rates

In ESVT, market scenarios are defined by project start year prices, which includes energy and
ancillary prices. The project start year for this use case is 2020. To generate 2020 prices, based
on CPUC provided inputs, a set of 2011 price data was escalated at 3% to 2020 level.

There are a lot of uncertainties when it comes to predicting future market conditions. Among
them are the gas prices and energy price escalation expectations, renewable penetration rate, and
ancillary services prices escalation rates. This part of the sensitivity analysis identified four
market scenarios in comparison with the base case scenario. The prices used for these scenarios
were generated from the same 2011 prices data, but with different escalation rates. Table 4-8
provides an overview of the market scenarios.

Market Scenario 1: Gas prices are high during the project lifetime. High renewable penetration
rate reduced energy market prices but increase the cost of ancillary services. The regulation
market does not include pay-for-performance pricing for storage system. To represent this
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scenario, energy price was escalated at 2% from 2011 to 2020, instead of the 3% in the base
case. Ancillary service prices were escalated at 5%.

Market Scenario 2: Low gas prices and renewable penetration reduce energy market prices,
ancillary prices stays the same as the base case. There is no regulation pay for performance
pricing for storage. To represent this scenario, energy price was escalated at 2%, and ancillary
service prices were escalated at 3%.

Market Scenario 3: High gas prices and renewable penetration reduce energy market prices but
increase the cost of ancillary services. The market implements regulation pay for performance
pricing for energy storage. In this scenario, energy prices was escalated at 2%, ancillary service
prices were escalated at 5%, and regulation prices were doubled to represent the pay-for-
performance pricing.

Market Scenario 4: Low gas prices and renewable penetration reduce energy market prices,
ancillary prices remain at base case level. The market implements regulation pay for
performance pricing for energy storage. In this scenario, energy prices were escalated at 2%, and
ancillary service prices at 3%, regulation prices were doubled to represent pay-for-performance
pricing.

Table 4-8
Market Scenario Overview

Ancillary |Regulation
Renewable |Energy |Service |PayFor

Gas Price |Penetration |Price Price Performance
Market Scenario 1 [High High Reduced |Increased|No
Warket Scenario 2 |Low Low Reduced |Base No
Market Scenario 3 |High High Reduced |Increased|Yes
Market Scenario 4 [Low Low Reduced |Base Yes
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Figure 4-8
Market Scenario Sensitivity Results
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Table 4-9
Market Scenario Analysis Breakeven Capital Cost

Breakeven Capital  $842 /kWh $1010 /kWh  $851 /kWh  §$1941 /kWh $1619 /kWh ‘
Costin 2013 dollar  ($1684/kW) ($2020/kW)  ($1701/kW)  ($3883/kW)  ($3238/kW)

Benefitto Cost 1117 1.24 1.18 147
Ratio

As shown in Table 4-9, with 2X pay-for-performance pricing for regulation service, market
scenario 3 and market scenario 4 have higher breakeven capital cost than the other two scenarios.
All of the market scenario cases had higher benefit-to-cost ratio than that of the base case. In
market scenario 2, the energy price was reduced compared to that of the base case, but the
benefit-to-cost ratio is slightly higher than that of the base case. This is because the CONE value
in market scenario 2 is higher than that of the base case. Because a CT makes less money when
energy prices are low, thus requiring a higher CONE in market scenario 2. The resulting increase
in system electric supply capacity value in market scenario 2 offsets the drop in electricity sales
revenue, leading to the slightly higher benefit-to-cost ratio than that of the base case.

Capacity Value Sensitivity Analysis

This analysis used the Cost of New Entry (CONE) value generated from ESVT 4.0 Beta, under
the assumption that in resource balance year 2020, the system capacity value will be equal to the
cost of new entry of the marginal unit (LM6000 Sprint). Different future scenarios may lead to
different CONE assumptions in 2020. In another situation, when growth in renewable generation
offsets load growth, it may be possible to use mothballed generators to serve as reserve capacity
for occasional usage during peak times. In this situation, the system capacity value is not
determined by the installation cost of a new plant but by the fixed operation and maintenance
cost of the existing plants. More details related with CONE value calculation can be found in
Appendix B. To simulate this situation, the system capacity value in this sensitivity run was
generated by escalating the system capacity value from 2011 at an inflation rate (2%) to the 2020
value.
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Figure 4-9
Sensitivity Analysis: Capacity Value (CONE)

Table 4-9
Capacity Value (CONE) Breakeven Capital Cost

_________________|BasoCase

Breakeven Capital Costin 2013 $842 /kWh
dollars ($1684/kW)

$632 /kWh
($1264/kW)

Benefit to Cost Ratio 117 1.08
CONE 161 50

As illustrated in Table 4-8, in the case with low system capacity value, the system electric supply
capacity benefit is lower than that of the base case. This reduction on the benefit side was
partially offset by the reduction in taxes on the cost side, leading to a lower benefit-to-cost ratio
than that of the base case.

CAISO Market Reference Year

The base case used 2011 as the CAISO market price reference year, escalating 2011 prices to
project start year. Because the year 2011 was a high-hydro year, the ancillary service prices were
generally higher than average. This sensitivity analysis includes two cases conducted with prices
generated from 2010 base year price. The CONE value in resource balance year is also
recalculated to reflect the change in base year prices.
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Sensitivity Analysis: Market Reference Year

Table 4-10
Project Reference Year Sensitivity Analysis Breakeven Capital Cost

| |BaseCase |2010Ref.Yr |2010Ref.2X Reg

Breakeven Capital Costin 2013 $842/kWh  $565 /kWh  $1079 /kWh

dollars ($1684/kW)  ($1130/kW)  ($2159/kW)

Benefit to Cost Ratio 117 1.05 123

Project Reference Year Sensitivity Analysis Breakeven Capital Cost

As illustrated in Figure 4-11, with a price reference year that has lower prices, the value of
ancillary services revenue decreased in the case without pay-for-performance pricing. Both cases
have benefit-to-cost ratio higher than 1.

Project Start Year

The base case assumed a project start year of 2020 and reference price year as 2011. A
sensitivity analysis was performed with the project start year as 2015. Changing the project start
year influences the inputs in several ways. Firstly, the cost of the storage system is higher in
2015, $1206/kW instead of $1056/kW in 2020. The energy and ancillary service prices are also
lower in 2015 than in the 2020 assumption because it is escalated for fewer years. Moreover,
because 2015 is not the resource balance year, it is assumed that there are still excess generation
capacity at that time, which means for the first five years of the project, until resource balance
year in 2020, the capacity value that the storage system gets will be lower than the CONE in
resource balance year, leading to a lower system capacity revenue. The case with 2015 as project
start year has a lower cost-benefit ratio than the base case, illustrated in Figure 4-12. It also has a
lower breakeven capital cost than the base case.
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Figure 4-11
Sensitivity Analysis: Project Start Year

Table 4-11
Project Start Year Sensitivity Analysis Breakeven Capital Cost

'Base Case | Base Case (2015
(2020 start) | start) 1

$842/kWh $755/kWh
($1509/kW)

Breakeven Capital Cost in 2013
dollars ($1684/kW)

Benefitto Cost Ratio 117 1.07

Summary of Use Case Results

Under the input assumptions provided by the CPUC staff and stakeholders, the majority of the
cases in this use case had a benefit-to-cost ratio that is higher than one, indicating cost-
effectiveness. We also see that when the storage system has a high capital cost, or when the
system requires three replacements during its lifetime, the increased cost leads to a B/C ratio of
less than one. On the benefit side, the revenue contribution from frequency regulation service is
very important. In the case without regulation service, the storage system was not able to break
even.
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USE CASE 2: ANCILLARY SERVICE ONLY
MODELING, INPUTS, ANALYSIS, AND RESULTS

Details of Model Operation
Overview of the Use Case

In this use case, the smaller storage system mainly provides ancillary service. Specifically, it will
only provide frequency regulation service by bidding into the regulation up and regulation down
markets. The storage dispatch was optimized to maximize the market profit that it can generate
from both the energy market and the regulation market.

Model Dispatch Logic

The storage system decides whether or not to bid regulation based on its charging cost, variable
O&M cost, and the regulation market prices. In certain instances, the storage may be able to bid
double capacity into the regulation market.

Grid Service Included in This Use Case

Regulation

Definition

Frequency regulation is the use of storage to follow the Balancing Authority’s (BA) Automatic
Generation Control (AGC) signal to balance short-duration (seconds to minutes) imbalances to
maintain the grid’s fundamental system frequency (60 Hz in the U.S.).

Market Bidding and Dispatch

Regulation service has lower priority than system electric supply capacity and distribution
investment deferral. To provide this service, the storage system must have at least 15 minutes of
capacity available. Its dispatch is on the same priority level and co-optimized with other ancillary
services and electric energy time-shift to maximize market profit. The CPUC analysis is done for
California electricity markets, which has a separate market for regulation up and regulation
down. The default assumption is that we allow load to bid into those markets.

Therefore, the storage can bid both its charge and discharge capacity into the regulation up
market or the regulation down market.

Also, due to calculation time limit, this analysis did not take into account intra-hour dispatch in
this case. So the actual dispatch is calculated from regulation market bids by multiplying a
mileage factor for regulation up and regulation down.

Benefit Calculation

Storage bids capacity into regulation markets and is paid based on hourly regulation market
clearing prices for being available. It also gets electricity price for dispatching when it does, but

5-1

SB GT&S 0161677



is also charged at the electricity prices for charging. The ability to bid regulation is based on the
full difference between discharge and charge capacity.

Regulation Benefit = Regulation Market Revenue + Electricity Sales Revenue — Regulation
Charging Cost — Variable O&M Cost

Summary of CPUC-Provided Inputs
Global Financial Assumptions

As illustrated above, ESVT takes many different inputs. To simplify the inputs and focus on the
key inputs, a few financial assumptions are fixed throughout the use case. As shown in Table
5-1, global financial assumptions are used consistently in the base case and the sensitivity
analysis to make comparison easier. IPP financial model was selected by the CPUC staff to
ensure a discounted cash flow model, making it easier to compare this case with those of
independent power producers (CT). The discount rate, inflation, and tax rates stay the same
throughout this analysis.

Table 5-1
Global Financial Assumptions
Input 2020 2015
Financial Model | IPP IPP
Discount Rate 11.47% 11.47%
Inflation Rate 2% 2%
Fed Taxes 35% 35%
State Taxes 8.84% 8.84%
Market Inputs
Table 5-2
Average Market Price Summary Table
Reference | Project Start
Input Type Year Avg. Year 2020
Price Avg. Price*
Energy ($/MWh) 30.62 39.96
Regulation Up ($/MW-hr) 9.20 24.02
Regulation Down ($/MW-hr) 6.93 18.08

*Inputs in this table are in 2020 dollars
2020 Regulation prices included 2x pay-for-performance price multiplier.
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Storage Technology Inputs

Because this use case explores the market potential of a storage system that focus on frequency
regulation service, a smaller system with shorter duration was chosen.

Table 5-3
Ancillary Service Use Case: Technology Input Table
Technology Battery
Configuration Capacity (MW) 20
Nameplate Duration (hr) 0.25
Plant Life (yrs) 20
Performance Lifetime Battery Replacements | 1
Roundtrip Efficiency (%) 83%
Cost Capital Cost ($/kWh) in 2020 3112
Variable O&M Cost ($/kWh) 0.0003
Fixed O&M Cost ($/kW-yr) 15
Battery Replacement Cost 250

*Inputs in this table are in 2020 dollars

Results of Base Case

In this use case, the 20-MW storage system with 15 minutes of duration mainly provides
frequency regulation service. As a result, the majority of its revenue comes from frequency
regulation, with the rest made up of electricity sales revenue.

There are a number of factors that contributed to the cost-effectiveness of this case. First, the
frequency regulation prices used in this use case assumes 2X pay-for-performance pricing for a
storage system providing frequency regulation service. The pay-for-performance pricing was
chosen to take into account the expected change in CAISO regulation market following FERC
order 755. The storage is getting paid more than a conventional resource because of its ability to
follow the ACG signal more accurately. Moreover, in CAISO, the regulation market is separated
into two parts, regulation up market and regulation down market. Regulation service can utilize
both the load and generation portions of energy storage operation. In some circumstances, the
storage system can bid double its capacity into the regulation market. For example, when the
storage system is charging at full capacity, it can bid twice its capacity into the regulation up
market.
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6

USE CASE 3: DISTRIBUTION ENERGY STORAGE
MODELING, INPUTS, ANALYSIS, AND RESULTS

Details of Model Operation
Overview of the Use Case

This use case attempts to simulate the operation of a storage system located at a substation. The
storage system will be providing system capacity and ancillary services while being reserved to
shaving substation peak load so as to help defer the investment on the substation.

Model Dispatch Optimization Logic

For this use case, the top priority of the storage system dispatch was to keep the growing peak
load on the substation under a certain threshold for as long as possible, so as to defer the
distribution investment. This typically requires only a few hours a year of dispatching depending
on the load shape and rate of load growth. Once the storage has met the dispatch commitment for
investment deferral, it will prioritize the dispatch to meet system capacity needs. After
distribution investment deferral and system capacity commitments are fulfilled, the remaining
dispatch capability is co-optimized between energy and ancillary services, dispatching to
maximize market profit. The optimization function takes into account the various factors that
contribute to the market profit and optimize the dispatch and market bidding of the storage
system accordingly.

The dispatch is prioritized in this fashion because deferring an investment on the distribution
system requires the storage to always be available during the peak hours. The consequence of
failing to shave the peak load is the highest. For system capacity, the storage system usually has
to enter into a yearly agreement, with penalties occurring when it fails to fulfill its commitment.
For energy and ancillary services, the storage system can bid into the market hours before the
actual dispatch, and the penalty for non-conformance is relatively low.

Distribution
Investment
Deferral

System Electric

Supply Capacity
[ ] ' I ]
Electric Energy . Spinning Non Spinning
Time Shift Reguiation Reserve Reserve
Figure 6-1

Distributed Storage Use Case: Dispatch Hierarchy
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Grid Service Included in This Use Case

In this section, we will discuss how each service in this use case is modeled in more detail.

System Electric Supply Capacity

Definition

System electric supply capacity is the use of energy storage in place of a combustion turbine
(CT) to provide the system with peak generation capacity during peak hours. Storage systems
that can successfully fulfill the service requirements are compensated with the system capacity
value, which is equal to the Cost of New Entry in resource balance year.

Under ESVT default assumptions, which can be changed by users, the storage system must
have a minimum duration of 4 hours to qualify for this service. Capacity hour each months are
defined as the top 20 load hours each month. Probability for storage to dispatch during capacity
hour is 100%.

Dispatch Decision

The dispatch for system electric supply capacity has higher priority than other AS services but a
lower priority than distribution investment deferral. The storage system is charged before
capacity hours to ensure that it has enough energy at the beginning of capacity hour, and it
discharges at full qualifying capacity during capacity hour.

Benefit Calculation

System Electric Supply Capacity Benefit = Capacity Payment ($/kw) * Storage Qualifying
Capacity *Capacity Derate

1. Capacity payment is different every year. The user can enter two values for this capacity
payment: current year capacity value and resource balance year CONE. If the current
year is resource balance year, then system capacity value and resource balance year
CONE are the same. If not, the user can modify the input “Years Until Resource Balance
Year” to let the model know how many years are between the current year and resource
balance year; then the system capacity price will be escalated from current year to
resource balance year.

2. Qualifying capacity is a measure to make sure that the battery has the required duration to
meet system capacity requirement. The default assumption for the duration requirement is
4 hours, which means a 50-MW/2-hr battery would be used as a 25-MW/4-hr battery for
this service. The qualifying capacity in this case is 25SMW.

3. Capacity Derate, in the actual dispatch, there might be circumstances where the peak is
longer than the battery capacity or the storage is doing other higher-priority services and
the storage system is not able to cover all the capacity hours. In those cases, the storage
system will be derated based on actual dispatch/qualifying capacity to reflect the real
performance and compensation.
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Electric Energy Time Shift

Definition
Electric Energy Time Shift is the use of storage to buy energy during low-price hours and sell
during high-price hours.

Dispatch Decision

Electric Energy Time Shift has lower priority than System Electric Supply Capacity and
Distribution Investment Deferral. After the storage system dispatches to fulfill the requirement
for these two services, the remaining capacity is optimized between electric time shift and AS
services. In a 24-hour window, the dispatch is optimized to “buy low and sell high.”

Benefit Calculation

Llectric Energy Time-Shift (Arbitrage) benefit = (Energy sales) — (Energy Cost) / (Roundtrip
efficiency) — (Variable O&M)

1. Electricity Sales = Hourly Discharge * Hourly Energy Prices. Discharge is the same
every year but the energy price escalates every year based on inflation and gas price
escalation rate.

2. Energy Cost = Hourly Discharge * Hourly Energy Prices. Charge is the same every year,
but the energy price escalates every year based on inflation and gas price escalation rate.

3. Roundtrip Efficiency (%) = The roundtrip efficiency is defined as the total energy out
divided by energy in, including losses in the power electronics, balance of plants, battery,
and control equipment. Parasitic losses are assumed to be included in this metric for this
analysis, but the user may separately define “housekeeping power” to decouple hourly
parasitic losses from roundtrip efficiency.

4. Variable O&M = Hourly Discharge * User Defined Variable O&M Cost.

Regulation

Definition

Frequency regulation is the use of storage to follow the Balancing Authority’s (BA) Automatic
Generation Control (AGC) signal to balance short-duration (seconds to minutes) imbalances to
maintain the grid’s fundamental system frequency (60 Hz in the U.S)).

Market Bidding and Dispatch

Regulation service has lower priority than system electric supply capacity and distribution
investment deferral. To provide this service, the storage system must have at least 15 minutes of
capacity available. Its dispatch is on the same priority level and co-optimized with other ancillary
services and electric energy time-shift to maximize market profit. The CPUC analysis is done for
California electricity markets, which has a separate market for regulation up and regulation
down. The default assumption is that we allow load to bid into those markets.

Therefore, the storage can bid both its charge and discharge capacity into the regulation up
market or the regulation down market.
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Also, due to calculation time limit, this analysis did not take into account intra-hour dispatch in
this case. So the actual dispatch is calculated from regulation market bids by multiplying a
mileage factor for regulation up and regulation down.

Benefit Calculation

Storage bids capacity into regulation markets and is paid based on hourly regulation market
clearing prices. It also gets electricity price for dispatching when it does, but is also charged at
the electricity prices for charging. The ability to bid regulation is based on the full difference
between discharge and charge capacity.

Regulation Benefit = Regulation Market Revenue + Electricity Sales Revenue — Regulation
Charging Cost — Variable O&M Cost

Synchronous Reserve

Definition

Synchronous reserve (spinning) is generation capacity that is already operating and synchronized
to the system that can increase or decrease generation within 10 minutes. Synchronous reserves
are procured by the ISO on an hour by hour basis in a competitive market. Energy storage may
be capable of bidding in the synchronous reserve market to supply synchronous reserves.

Market Bidding and Dispatch

Synchronous reserve is on the same hierarchy level as other AS services. Its bidding and dispatch
is optimized with other services on the same level with it.

Benefit Calculation
Synchronous Reserve Benefit = Synchronous Reserve Bid * Synchronous Reserve Prices

Non-Synchronous Reserve

Definition

Non-synchronous reserve is an ancillary services product that consists of off-line generation that
can be ramped up to capacity and synchronized to the grid in less than 10 minutes when
responding to a dispatch signal. Storage is eligible to provide this service by charging and
discharging in response to the ISO signals

Market Bidding and Dispatch

System must reserve at least one hour of duration and the storage capacity (kW) bid when it
agrees to provide this reserve. System may not be discharging at full capacity or otherwise
obligated to possibly discharge during hours when it is providing this reserve.

Benefit Calculation

The storage system bids capacity into non-synchronous reserve markets and is paid based on
hourly market clearing prices for being available. The storage system attempts to maintain a full
charge so that it can offer its full discharge capacity in all hours. If a system is discharged (based
on a small probability of non-synchronous reserves being called), it also receives the energy
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price during the hour of discharge, which is represented by electricity sales in the NPV benefit
table.

Non-Synchronous Reserve Benefit = Non-Synchronous Reserve Bid * Non-Synchronous Reserve
Price

Distribution Investment Deferral

Definition

Distribution investment deferral is the use of storage to shave transformer peak load to delay a
bulky investment on the substation for a few years. Transformer peak is detined as the highest
load hour in base, or reference year load on the substation. The investment is deferred for as long
as the storage is able to keep annual peak under the base year load peak or a defined threshold
percent of base year load peak. It is possible to start deferring the investment a few years after
the storage system is installed by making the “Load Target” a number above 100%.

Storage Dispatch

To provide this service, the storage system is discharged to bring the peak load under the load
target. Load target is defined as a percentage of the base year peak load. Based on perfect
foresight, the storage system charges to full capacity before the anticipated peak load.
Distribution investment deferral has the higher priority over system and ancillary services
because once the storage system fails to keep the load under the load target, the investment must
be made. The longer the storage system can keep the load under the load target, the more money
will be saved.

Benefit Calculation

The benefit value is calculated as NPV of investment deferred by the number of deferral years.
The investment value to occur when the deferral year ends is defined by the user.

Summary of CPUC-Provided Inputs

ESVT requires various types of inputs ranging from system and market inputs to specific storage
technical inputs. The inputs shown in this section were provided by CPUC staff and multiple
stakeholders. The input collection process is described in more detail in section 3 of this report.
In short, EPRI provided CPUC staff with an ESVT input template based on the services in the
use case, and CPUC staff and stakeholders provided inputs based on the input template. Detailed
input spreadsheets for this analysis were made public in the March 25 workshop at CPUC. This
section seeks to highlight some of the inputs provided by the CPUC staft to help the user better
understand the modeling process.

Global Financial Assumptions

To simplify the inputs and focus on the key inputs, a few financial assumptions are fixed
throughout the use case. As shown in Table 6-1, global financial assumptions are used
consistently in the base case and the sensitivity analysis to make comparison easier. IPP financial
model was selected by the CPUC staff to ensure a discounted cash flow model, making it easier
to compare this case with those of independent power producers. The discount rate, inflation, and
tax rates stay the same throughout this analysis.
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Table 6-1
Global Financial Assumptions

Input 2020 2015
Financial Model | IPP IPP
Discount Rate 11.47% 11.47%
Inflation Rate 2% 2%
Fed Taxes 35% 35%
State Taxes 8.84% 8.84%
Market Inputs

The market prices in this use case were similar to that used in use case 1. However, the project
start year in the base case is 2015. A case with project beginning year 2020 was performed as a

sensitivity run.

Table 6-2
Average Market Prices
Reference | Project Start Project
Input Type Year Avg. Year 2020 Start Year
Price Avg. Price* 2015 Avg.
Price
Energy ($/MWh) 30.62 39.96 3447
Regulation Up ($/MW-hr) 9.20 12.01 10.36
Regulation Down ($/MW-hr) 6.93 9.04 7.80
Synchronous Reserve ($/MW-hr) 7.22 9.43 8.13
Non-Synchronous Reserve ($/MW-hr) 0.98 1.28 1.11
6-6
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Table 6-3
Market Inputs

Input Name Inputs
Market Price/Load Reference Year CAISO 2011
Project Start Year 2015
Escalation Rate from Ref. Year to Start Year 3%
Escalation Rate After Start Year 4%
Allow Load (Storage Charge) to Bid Regulation? Yes

Regulation Pay for Performance Factor

1.0x (no adjustment to base case)

Hourly Energy Deviation for Regulation Up

11.34%

Hourly Energy Deviation for Regulation Down 13.43%
Allow Load (Charge) to Bid Spinning Reserve Yes
System Capacity Value at Project Start Year 2015 75
Cost of New Entry (CONE) adjusted for transmission 169.05
loss

Resource Balance Year 2020
System Capacity Storage Min Duration (hr) 4
Capacity Hours Reserved Per Month 20
Probability to Dispatch During Capacity Hours 100%

Storage Technology Inputs

For this use case, the base case used a IMW/4-Hour battery system with $500/kWh capital cost.

Table 6-4
Technology Inputs

Technology Battery

Configuration Capacity (MW) 1
Nameplate Duration (hr) 4
Plant Life (yrs) 20

Performance Lifetime Battery Replacements | 1
Roundtrip Efficiency (%) 83%

Cost Capital Cost (§/kWh) in 2020 500
Variable O&M Cost ($/kWh) 0.0003
Fixed O&M Cost ($/kW-yr) 15
Battery Replacement Cost 250

*Inputs in this table are in 2015 dollars
6-7
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Results of Base Case

In the base case, the storage system deferred the 5.5 million dollar investment on the substation

for five years by dispatching to keep substation peak load under the load target (defined by

CPUC). During the time when the storage system is not used for distribution investment deferral
service, the storage system generated revenue from the energy and ancillary service markets and
by providing system capacity. The intensive usage led to a average capacity factor of 28.2% over

project life time.

As illustrated in Figure 6-2, the base case of the distributed storage use case has a positive cost-
benefit ratio. Frequency regulation and distribution investment deferral services provided more
than half of the benefit together.

Millions {5}

2 0k MW B Wy w8

Use Case 3: Base Case
Distributed Storage with 1MW /4Hr Battery in2015
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e Operating Costs BFreguency Regulation
B Financing Costs 7 Mon-Spleing Reseive

WCspital Expenditure L oPInNINg Regerve

it Shagipby 0
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Source: Resulls generated from CPUC Inputzinto
EPRI Energy Storage Valuation Tool

Figure 6-2

Distributed Storage Use Case: Base Case
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Overview of Scenarios and Sensitivities

s

Base Case

Project Start
Year

2015/2020

Figure 6-3
Distributed Storage Use Case Sensitivity Analysis Tree

In order to better understand this use case, CPUC requested a number of sensitivity runs. These
sensitivity runs focused on four categories of factors that may influence the cost-effectiveness of
the use case. Distribution investment deferral is one of the key services in this use case. The
value of the distribution investment deferral service depends on the number of years that an
investment can be deferred and on the size of the deferred investment. Furthermore, the number
of years that an investment can be deferred is directly related to the load shape, the load growth
rate, and the size of the storage system. Therefore, the sensitivity runs included cases where a
different battery duration and a different load growth rate were compared to the base case.

Frequency regulation also contributed significantly to the cost-effectiveness of this use case. To
better understand the influence of this service on the use case, two sensitivity runs related to
regulation were performed. In the first one, the prices of regulation were doubled to simulate the
condition where storage systems are paid for better performance in the regulation market. In the
second case, regulation service was taken out of the equation.
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Energy Storage System Sensitivity

Battery Duration of 2 Hours

In the base case, a battery system with a 4-hour duration was used. To determine the impact of

changing battery duration on the cost-effectiveness of the case, another case with a 2-hour

battery system was performed.

Table 6-5

Battery Duration Sensitivity

Breakeven Capital Cost in 2013 EﬁﬁikWh |
($3464/kW)

1.20

dollars

Benefit to Cost Ratio

Base Case (4 Hour) | Base Case (2

1.35

$1509/kWh
($3018/KW)
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Figure 6-4

Sensitivity Analysis: Battery Duration

As shown in Figure 6-4, the case performed with a 2-hour battery has both lower cost and lower
benefits than the base case. Under the assumptions of this use case, a 2-hour battery is more cost-
effective than a 4-hour battery.

Alternative

Technology—Flow Battery

In this use case, the base case was performed with a 1-MW/4-hour battery system. In order to
understand the impact of switching to another technology, CPUC requested another run in which
a flow battery was used to perform the base case. For detailed inputs of the flow battery used in
this sensitivity run, refer to Table A-1 in Appendix A. Based on the inputs provided by CPUC,
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compared to the battery system used in the base case, the flow battery has a shorter life, 17 years
instead of 20 years, and lower efficiency, 70% instead of 83%. It is also assumed that no battery
replacement would be necessary during its lifetime.

Table 6-6
Alternative Technology Breakeven Capital Cost

Base Case Base Case w/ |
; | Flow Battery — 4h

Breakeven Capital Costin 2013 $866/kWh $1009 /kWh
dollars ($3464/kW) ($4037/kW)
Benefit to Cost Ratio 1.20 132

Use Case 3: Base Case Sensitivity: Flow Battery
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Figure 6-5
Sensitivity Analysis: Alternative Technology (Flow Battery)

As shown in Figure 6-5, the case with the flow battery has lower cost than the base case, mainly
because it does not require any replacement throughout its lifetime. However, the benefit
revenue generated by the flow battery is also lower because of its lower efficiency. Overall, the
case with flow battery has a higher benefit-to-cost ratio than the base case.

Sensitivity on Value of Regulation Service

As shown in the base case, frequency regulation makes up more than a quarter of the total
benefits. This part of the sensitivity analysis looks at the two conditions related with frequency
regulation. The first one simulates the market condition where storage that provides regulation is
getting compensated for its fast response capability, doubling its revenue. The second case takes
out frequency regulation from the equation completely to see its impact on the base case.
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As shown in Table 6-7 and Figure 6-6, all three cases remained cost effective with changing
assumptions about frequency regulation. With double the frequency regulation price, the benefit-
to-cost ratio increased from 1.20 to 1.35. When frequency regulation is taken out of the equation,
the storage system is providing more spinning reserve service, which partially made up for the
revenue loss. Overall, the cost-effectiveness in the case with higher regulation prices increased
compared to that of the base case, while the cost-effectiveness in the case without regulation
dropped compared to that of the base case.

Table 6-7
Sensitivity Analysis: Regulation Value

L [BasaCass

Breakeven Capital Cost in $866 /kWh

2X P4P No Regulation

$1326 /kWh  $686 /kWh

2013 dollars ($3464/kW)  ($5306/kW) ($2745/kW)
Benefitto Cost Ratio 1.20 1.35 1.12
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Figure 6-6

Sensitivity Analysis: Regulation Value

Substation Load Profile

As discussed earlier, distribution investment deferral made up almost a third of the benefits in the
base case. Therefore, it is important to understand factors that may significantly impact the
investment deferral value. One such factor is the rate of load growth on the substation.

The value of the distribution investment deferral service is directly related to the number of years
that a storage system can defer the investment on a substation. As long as the storage system can
keep the peak load under a certain threshold, new investment to expand substation capacity will
not be necessary. However, when load outgrows the storage capacity, an investment on the
substation can no longer be deferred. In this part of the sensitivity analysis, another case with a
higher rate of load growth was conducted in comparison with the base case.
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As shown in Table 6-8, under the assumptions in this use case, a 2 percent point increase in the
load growth rate lowered the breakeven capital cost from $866/kWh to $634/kWh.

Table 6-8

Breakeven Capital Cost: Growth Rate Sensitivity

Load Growth Rate | Base Case (2%)
Breakeven Capital Costin 2013 $866/kWh
($3464/KW)
120

dollars

Benefitto Cost Ratio

1.09

| High Case (4%)

$634/kWh
($2537/KW)

Malloss 8}

Use Case 3: Base Case
Oistribitied Storage with. DWW /by Batieny in 2015

[y

e y By
ok M-S B

Rewuron

e Yaghisb ey

B Funeing Lusts
Wil B raiihary

Cost Benefit

CPUC bpants Ing

Resulty generite
s Erenrgry Sternge Yaluation Toul

Figure 6-7

Sensitivity Analysis: Load Growth Rate

Project Start Year

Sensitivity: High load growth rate {4%)
Distributed Storage with. TMW/4HY Battery in 2015
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In the base case, the project start year was 2015. To analyze the impact of a different project start
year, an additional case was performed with a project start year as 2020. As the project start year

changed, a number of inputs were adjusted accordingly. The value of the investment to be
deferred has been updated, as was the system capacity value and CONE. Because 2020 is

assumed to be resource balance year in this analysis, the system capacity value and CONE are
the same in 2020. Moreover, due to escalation, ancillary service prices and energy prices are

higher in 2020. The cost of the storage system is also expected to decrease over time.

As shown in Table 6-9, all of the above factors contributed to a higher breakeven capital cost and
benefit-to-cost ratio in the case with 2020 as the project start year.
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Table 6-9

Project Start Year Sensitivity Analysis Breakeven Capital Cost

Project Start Year

Breakeven Capital Costin 2018 $866/kWh
($3464/kW)

dollars

Benefit to Cost Ratio

Base Case (2015)

1.20 1.30

$940/kWh
($3761/KW)
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Figure 6-8

Sensitivity Analysis: Project Start Year 2015 vs 2020

| High Case (2020)

Summary of Use Case Results

Under the assumptions provided by CPUC, the base case had a breakeven capital cost of

$866/kWh. Distribution investment deferral and frequency regulation services provided over half

of the benefits in this use case. The sensitivity analysis saw an increase in cost-effectiveness
when the duration of the storage system was reduced to 2 hours, and a decrease in cost-
effectiveness when the rate of load growth was doubled. The cost-effectiveness of the case also
increased when the assumption for project start year was changed to 2020 and when a CPUC-
defined flow battery system was used.
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7/

SUMMARY OF CONCLUSIONS AND RECOMMENDED
FUTURE RESEARCH

Disclaimer

The analyses described in this report are provided as a demonstration of the EPRI storage
valuation methodology and the Energy Storage Valuation Tool (ESVT) to inform the
stakeholders of the CPUC Storage proceeding of the potential value of energy storage, from a
technical perspective and under a limited number of high-priority scenarios. The analyses are not
exhaustive with respect to the opportunities for energy storage in California, and the results of
the analyses are only valid under the sets of inputs provided by the CPUC technical staff, as
informed by the core group of stakeholders, including participants from CESA, PG&E, SCE, and
SDG&E.

Results Summary

Figure 7-1 and Figure 7-2 display summaries of the benefit-to-cost (B/C) ratios and breakeven
capital costs observed in these analyses.

Benefit-to-Cost Ratio
Net Present Value over Storage Life under CPUC Assumptions
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Figure 7-1
Summary of Benefit-to-Cost Ratios
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BreakevenCapital Cost
Maximum Installed Cost for Cost-EffectiveEnergy Storage
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Figure 7-2
Energy Storage Breakeven Capital Costs

The majority of cases investigated returned a B/C ratio greater than 1, under the input cost
assumptions provided for the different technologies. This indicates that the net present value
(NPV) of direct, quantifiable benefits of the energy storage system modeled over its lifetime
exceeds the direct, quantifiable costs in the simulation. Breakeven capital costs are more difficult
to make general conclusions across cases, because different storage systems have different
inherent cost structures and capabilities. However, the majority of cases returned breakeven
capital cost results of $1000 to 4000/kW installed. The breakeven capital cost may be interpreted
as the maximum threshold upfront cost that results in a benefit-to-cost ratio of greater than or
equal to 1.

It should again be noted that benefits quantified in these analyses may cut across multiple
stakeholders, and the analyses do not explicitly consider the monetizable potential for the owner
of energy storage to cost-effectively recover an investment. In other words, some benefits accrue
to entities other than the owner, and the owners of energy storage may not presently be able to
casily monetize those benefits. Additionally, it does not consider indirect impacts of storage to
the total production costs to the electric system or to society, nor does it consider the potential
environmental impacts associated with the operation of the energy storage.

Comparison of Use Case Cost-Effectiveness

Three general use cases were investigated in this effort: bulk energy storage, regulation service-
only, and distribution energy storage at a utility substation. Several additional possible use cases
exist and have been identified by CPUC proceeding stakeholders.

It should be noted that the bulk storage use case, particularly the bulk battery use case, comprised
the majority of all cases investigated. Most of the sensitivity-analysis runs are variations of the
bulk battery base case. As a result, it is challenging to draw broad conclusions about the relative
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cost-effectiveness of storage in the different use cases. However, below are a few high level
observations.

Under the cost assumptions provided, distribution energy storage returns better cost-
effectiveness numbers, controlling for project start year and market scenario. The distribution
storage systems assumed were marginally more costly than the bulk energy storage systems, but
significant additional value was calculated from the deferral of a distribution asset upgrade.

The ancillary services (regulation service-only) use case with a short-duration battery storage
system returned the highest cost-effectiveness results, particularly under the assumption of a 2x
pay-for-performance multiplier of the prices provided. The system demand for this service is
significantly lower than those grid services relating to energy or capacity, so further analysis is
recommended to draw robust conclusions about the potential for cost-effectiveness of this use
case under storage-deployment scenarios.

Conclusions Relating to Input Sensitivities

Several input sensitivities were analyzed in this project. These are summarized in the tree in
Figure 7-3 below.
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The sensitivities fit into three broad categories, including energy storage system, wholesale
market conditions, and project start year.

Figure 7-3
Input Sensitivities Investigated
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Sensitivity to Energy Storage System Inputs
Storage Technology

The majority of cases utilized “battery” technology, generally resembling characteristics of
lithium-ion technology. However, a small number of cases looked at the results of flow battery,
pumped hydro storage (PHS), and compressed air energy storage (CAES). Flow battery provided
less cost-effective results in 2015 but more cost-effective in 2020, due to an assumed cost
reduction. Pumped hydro and CAES systems provided more cost-effective results than the base
case battery in bulk energy storage cases.

Battery Duration Configuration

Simulation of two-hour battery duration returned better cost-effectiveness results than the four-
hour battery, under the assumptions provided. This was primarily a result of ancillary service
value scaling by capacity/power ($/MW) when minimum duration thresholds have been satisfied.
The base battery detfined by the CPUC inputs had a large cost contribution scaling by amount of
energy storage ($/kWh) than the other technologies of flow battery, pumped hydro, and CAES,
so this conclusion may not be transferable to other technologies where this sensitivity was not
investigated.

Battery Reliability / Frequency of Battery Replacement

The cost-effectiveness of the base case battery storage system was strongly influenced by the
long-term reliability of the underlying battery technology. The results were significantly more
cost-effective in the case with a battery replacement every 10 years versus a battery replacement
every 5 years. This highlights the importance of increasing certainty around the expected field
lifetime for emerging energy storage technologies.

Sensitivity to Wholesale Market Inputs
Gas and Market Price Escalation

The assumed escalation rate for fuel, energy, and ancillary services had an impact on cost-
effectiveness. As expected, higher energy and ancillary service prices increase the cost-
effectiveness of the modeled energy storage. However, this is partially offset by a somewhat
lower expected value for capacity, because the benchmark combustion turbine would also garner
some of the benefits of higher prices, which would lower the required capacity payment for CT
breakeven.

CAISO Market Reference Year

For nearly all cases, the reference year of 2011 was used as the basis for load, energy, and
ancillary service hourly shape and magnitude. When 2010 was used as a reference year, the cost-
effectiveness of storage dropped significantly. 2011 was a “high hydro” year, which caused
hydroelectric plants in the Northwest to generate higher sustained levels of power, which caused
CAISO energy prices to be lower and ancillary services prices to be higher, which typically
benefited the storage systems simulated, because they were earning significant ancillary service
revenue. When the reference year was changed to 2010, the result was a drop in storage
breakeven capital cost by approximately one-third. This material change underscores the
importance of developing a range of potential future scenarios, which adequately capture the
range of expectations when evaluating storage cost-effectiveness.
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Regulation Service Value

Multiple scenarios were investigated to test the importance of value from regulation service.
These included a 2x multiplier (implying a pay-for-performance factor for fast storage) and a
case with no regulation value (to test the importance of this thinly demanded service on the cost-
effectiveness). The regulation value had a significant impact on the cost-etfectiveness overall;
however, it was also observed that as the value of regulation decreases, value from providing
spinning reserve partially fills the gap in the storage scenarios modeled.

Capacity Value

Along with regulation service and distribution investment deferral (where applicable), capacity
value provided a large piece of the value in the ESVT simulations. Most of the values in this
analysis were based on the Cost of New Entry (CONE) for an LM6000 with SPRINT, the
assumed marginal combustion turbine to be built for additional capacity needs. However, if the
future marginal unit is required for improved flexibility of the system, the marginal generator
may already exist with an option of retiring the generator or mothballing it as a capacity
resource. In this case, the capacity payment may only need to keep an existing generator on-line,
allowing it to recover ongoing fixed costs, rather than needing to provide incentive for a new
build. In the low capacity value case, the storage is significantly less cost-effective. The value of
future capacity payments strongly affects storage cost-effectiveness in the modeled scenarios. It
should also be noted that capacity payments for energy storage and other limited-duration
resources are not well-established and a subject of continuing research.

Distribution Deferral Load Growth Sensitivity

As load growth rate on a distribution asset grows, the length of the asset deferral decreases. In
the cases modeled, the distribution storage system generated significant value from a distribution
investment deferral. As a result, the potential for providing distribution upgrade investment
deferral service is highly site-specific and sensitive to the expected load growth. Load shape is
also important, because the storage needs to have sufficient

Sensitivity to Project Start Year (2015/2020)

In general, calculated storage cost-effectiveness cases with a project start year of 2020 were
more cost-effective than cases with project start year of 2015. This is the result of two primary
assumptions: 1) additional capacity need begins in 2020, so earlier-year capacity values are
lower; 2) storage system costs will be lower in future years. Most runs were performed with

a 2020 project start year.

Research Recommendations

Following the analyses in this report, the following research recommendations are provided:

1. Expand analysis to cover greater breadth of expanded use cases. Due to time and resource
constraints, the analysis was curtailed to cover only a small portion of the storage
landscape, in terms of uses, technologies, scenarios, and sites.

2. For use cases reliant on regulation service for cost-effectiveness, model storage operation
as a component of the larger CAISO or WECC system. Storage deployments could have
substantial impact on regulation service price, and therefore profitability.
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3. For inputs where there is significant uncertainty, and where those inputs are shown to be
highly influential to the output cost-effectiveness, carefully expend analytical resources
to narrow the uncertainty for those inputs. Some key inputs include: future market
scenario development, capacity value, and understanding of future energy storage costs
and durability/reliability.

Important Caveats

* Only a limited, prioritized series of analysis runs were completed. Results do not represent
exhaustive treatment of storage opportunities in California.

* Results are only valid under the CPUC input assumptions provided.

* Analysis is limited to direct, quantifiable costs and benefits under the input assumptions and
grid services modeled in the simulation.

* Analysis does not specifically consider how levels of storage deployment affect cost-
effectiveness or impact society.

This project does not consider technical feasibility of energy storage projects, nor does it validate
the cost and performance assumptions used in the analyses.
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A

USE CASE RESULTS

The table below summarizes energy storage technology inputs in the various runs in this report.
It indicates each of the technologies as well as the assumed project start year. For complete
inputs used to generate the results in this report, please refer to the CPUC Storage OIR website.

Table A-1

Energy Storage Technology Inputs

Caloeoy

oy

2020

Fkrw
Batte AlGCA ES CT** | Batte Batte

Nameplate Capacity W) 50 200 1001

lameplate Duration thrl 2 4 o 8!- i 4
Capital Cost (S/kWh} -Start Yr Nominal 523 443 1660 21ib 607 774
Capital Cost {_S_/%«w} - Start v Mominal 105 1772 1325 }.634! 1619 120 3100
Profect Life fyrl 2;3 20 100 353! 2(3 2 17
Roundtrip Efficiency B3 7594 82 50% B3 T
ariable O&M ($/kwh) 0.00029 _0.00025 ﬂ.mg 0.003] 0.004 0.00025 0.00023

Technology Cost / Fied OB (S/l-yr) 19 15 7. 5] 17.4 15 1_;
Performance Maior Replacement Freguency 1 [ 3 1

Major Replacement Cost (S/kwh) 250- 1 - 2504-

WVIACRS Depreciation Term {yr 7 7 7 7 15 7 7
Energy Charge Ratio [CAES - - 0.7 - -
Full Capacity Heat Rate {CAES/CT] 3810 G387 -
Heat Rate Curve (CAES/CT) - - boe whet Beewkst - -
Turbine Efficiency Curve [PHS) - - Eeawkst - . -
pump Efficiency (PHS s keewist

* Battery based loosely on Li-ion technology
**CT based on LM6000 w/ SPRINT technology
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Table A-2
ESVT Run Reference and Results Summary

[Breakeven Breakeven
Capital Cost Capital Cost
($/kwh) ($/kw)

Detail B/C Ratio [(20135) (2013$)

UseCase 1 (BulkEnergyStorage):Base Case 117 842 1684
Use Case 1 Sensitivity: 2010 Ref Year 1.05 565 1130
UseCase 1 Sensitivity:2010Ref Yearwith P4P regulationprices 123 1079 2159
runl LM5100  |UseCase 1:CONEderived with LMS100 1.17 824 1649
UseCase1Sensitivitylow CONE 1.08 632 1264
UseCase 1 Sensitivity:2 Replacements 1.07 619 1238
UseCase 1 Sensitivity:No regulationservices 0.98 433 865
Use Case 1:higher CapEX assumption 091 842 1684
Use Case 1:highervariable 0& M assumption 114 740 1480
UseCase 1 Sensitivity:3Replacements 0.97 377 754
UseCase1 Sensitivity 2XRegulationPrice 138 1593 3186
UseCase1Sensitivity:3 HourDuration 110 594 1781
UseCase 1Sensitivity4 HourDuration 1.05 465 1860
UseCase 1 Sensitivity:MarketScenariol 124 1010 2020
UseCase 1Sensitivity:MarketScenario2 118 851 1701
Use Case 1Sensitivity:MarketScenario3 147 1941 3883
Use Case 1Sensitivity:MarketScenario4 140 1619 3238
Use Case 1Sensitivity: Flow Battery 123 675 2699
lunisa  |useCaseiSensitivityFlowBattery(highvariableD&M) 120 628 2511
Use Case 1Sensitivity: Pumped Hydro 132 223 1783
Use Case 1Sensitivity: CAES 127 232 1853

runi9 Use Case 2 {AncillaryService Only):Base Case 1.40 6712 1678
Use Case 1Sensitivity: Project Start Year 2015 1.08 755 1509
Use Case 1Sensitivity: Project Start Year 2015with P4P regulation prices 1.30 1471 2941
run22 Use Case 3 (Distributed Storage): Base Case 1.19 866 3464
UseCase3SensitivityNo regulation 112 686 2745
lin22b |useCase3Sensitivity2 HourDuration 135 1509 3018
run23 = [usecCase3Sensitivity2XP4Pregulationprices 135 1326 5306
Use Case 3 Sensitivity: High Load Growth Rate 1.09 634 2537
Use Case 3 Sensitivity: Flow Battery 132 1009 4037
Use Case 3 Sensitivity: Project Start Year 2020 1.30 940 3761

Table A-2 provides an overview of all runs performed in this project. The first column provides
references for all detailed results in the remainder of this appendix. The table also provides
summary results in terms of benefit-to-cost ratio and breakeven energy storage capital cost. All
breakeven capital cost numbers are displayed in inflation-adjusted 2013 dollars.
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Description of Detailed Results

The detailed results provided in the subsequent tables were requested by the CPUC and core stakeholder group. These include detailed
net present value cost and benefit information, breakeven capital cost in project start year nominal and 2013 inflation-adjusted forms,
benefit-to-cost ratio, breakeven residual capacity value, capacity factor and full project life financial ProForma results.

Breakeven capital cost is the upfront energy storage installed cost at which the NPV of the storage investment equals zero. This is the
cost point at which the benefit-to-cost ratio is equal to one.

Residual Capacity Value ($/kW-yr) is the levelized annual capacity payment that would be required to make the NPV equal to zero
and the benefit-to-cost ratio equal to one.

Storage System Annual Discharged Energy (MWh)
O R T T T e e e

Run 1: Base Case for Use Case One

Table A-3
Run 1

MNet Present Value Over Project Life Other Melrics

@ Breakeven Capital Costs
Capital Expenditure (Eguity) 38,747,614 2020 Nominal 2013 Real™*
Financing Costs [Debt) 21,045,017 Sl 1,934 1,684

Operating Costs 53,559,217 Sikwh®e 967 842
Taxes [Refund or Paid) 26,536,652 ‘
Electricity Sales o 43,065,527 Benefit-to-Cost Ratio

System Electric Supply Capacity i 32,828,088
Non-synchronous Reserve [Non-spin) 0 4,068 Breakeven Residual Capacity Value
Synchronous Reserve {Spin) 0 9,354 815
Freguency Regulation i 81,097,223 .
quendy ¢ ' Capacity Factor 21.10%
Total 139,848,500 164,354,721
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Table A-3 (continued)

Run 1
p.174 1 p.1723 p.17:3 2024 p.17:3 226 x7 209 2080 281 x82 x83 x84 235 286 p.1:74 X838 289

Electricit§ales 4,232,318 442411 4,599,307 4,783,280 4974611 5173585 5,380,539 5,595,761 5819,591 6,052,375 6,294,470 6546249 680808 7,080,422 7,638,185 7,964,512 8233003 8614417
BenefitRevenues 13082647 13406 1395460 14437181 14936640, 15454517 15991517 16548374 17125849 17724734 18345851 18990,056 18658235 20351314 21816043 22,589,726 2330378 24225117
OperatingRevenue 17284965 17913236 18554768 19220461 19911251 20628112 21372057 22144135  22,945440: 23777109 24640321 25536,304 26,466,334 27431737 29474228 305554239 31675471 32,839,533
TotalRevenue 17294965 17913236 185547681 19220461 19911251 20628112: 21372057 22144135 22,945440. 23777109: 24640321 25536,304 26,466,334 27431737 20474228 30,554,239 31675471 32,839,533
Fixed O8M (eSO (SO0)  (FS0E (S84 (UB06L)  (BA46ZY (L5 BBV (B3I (ciae) (el (951,181) (970,205) ©89600)  (100SACL) (1009589  (LOSOASL  (LO7LISS)  (1,062,608)
Variable O8M (25753 (29,328) (25,915) (30,513 (31,123 (31,746} (32,381} (33028 (33,659) (34,363 (35,050 (35,750 (36,465 (37,195 (37539 (38658 (30,472 (0,261) (@1,067)
ChargingCosts B2064160  (AZIAETY  (A5M0EE0)  (ATRLEME) 4520812  (BAI7740)  (B32458 (553,357  G7S6TTL)  (5SW0M)  BR6SM)  BAT5ES)  (B7MME)  (ZOBS) (7284152 (I575518) (7878539 (B193680)  (5ILAZY)  (B862,265)
Fuel Costs o] o] 0 o] 0 0 0 0 0 [¢] 0 o] o] 0 0 o] 0 o] o] 0
Non-FuelStart-UpCosts 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Property Tax (580800} (5e0300) Ea0am) (580,800} (S80800) {580,800} (580800} {580,800) (580200} (580,800 {580,800) (580800 (580,800} {580,800} {580200) (5a0800) (580800) (580800) (530,20 (580,300}
TotalOperatingCosts BIE5A06 (57492060 (GOMOBR (BB B0 BESITR BTMSXE (0005) 240384 (747800 U BOBSE).  (BI0M0)  BHLEN  BILTH) GUBSE) LIS 0SMIR) (10213873 (05m760
Operating Profit 11133682 11545739 11973148 12416301 12876411 13353519 13848486 14362005 1484791 1544750 1621177 166163% 17,233,964 17,874,871 18,539,980 19230,232 19946602 20690,106 21,461,797 22,262,774
InterestExpense 24608 (230756)  (2262063)  (2190981) (1145500  (2(B3366)  (1947206)  (1855,732)  (1758562)  (1655429) (15450020  (LAXOB08) (LA (LI7B008)  (1035788) (887,967} (731010) (564,353) (337,396) (199,504
LoanRepaymentExpense
(Principal) WO (L086%8)  (LASATEL)  (L6743) (313174 (130438 (L4408 (1574959 (LMl (L7R2E) (183 1,998,119) 212 (2,718 (23009 (SRS QRS RESIT B0 (32820
DebiServiceserve
Withdrawe! 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2335419
Interesteamedon DSRF 72,164 72164 72,164 72,164 72,164 72,164 72,164 72164 72,164 72,164 72,164 72164 72,164 72,164 72,164 72,164 72,164 72164 72,164 72,164
InteresearmnecbnBattery
Replacementfund 712,267 734,277 736966 7803%6 804,469 829,327 854953 831,371 208606 936,682 o] 0 0 0 0 o] Q 0 0 0
Net FinanceCosts QB2 AN REHSA RSR0Y DRSSLOY)  RE6233)  (E0608)  RATAIEE  DAMGSSA  (DAISE7E)  BASSSA0) (BASEY (3305600 (33550 [BASSSE0)  (3SSN0) BABS0. (BES560  BANSEE (1000141
State TaxRefund(Paid) (174,590 257,182 A5 (96360 (GROY BA08 U729 81678 (247941 (L3840 (L2590 (LMBSSY (1414400 (LAS2GAY) (1SS3VS0)  (LANTSIE) (LIRS (7854060 (LSS (1956772
Federal TaxRefund(Paid) (631,226} 98,240 @162 (LA0408)  (LXB997)  (23%6732)  (SSR6AY) (33130 (AS04163)  (4722408) (GGALS06]  (ASESS08) (5104962  (5351284)  (5E07912)  (AT5AB)  (BISAOSY) (6AM434Y) (G703 (7062532)
TaxCredit-FederdTC 0 0 o] o] 0 0 0 0 0 0 0 0 [¢] 0 0 0 0 0 0 0

funded{Paid) @ms 1185421 B35 (1867 RENY BT B35 @E4814) BTSN (6080 BT, BT (65193 (8BS (71616625  (7508144) (7858589  BI9BAY (861630 (5015304
Equitylnvestment
{l dBeforeProject} {43,191, 965, 0 o] o] 0 0 0 [¢] 0 0 0 0 [¢] 0 [o] [¢] o] 0 0 [¢]
After-TaxEquityCashFlow 7684274 10109878 8842984 8014523 7,504,250 7,765,506 8042019 7,363,002 6,695,733 699784 6738117 7,0433%8 7339041 7,685,380 8,022,758 837152 8732053 9,304,702 9,489,858 12223329

A4
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Run 1 2010: Run 1 with Price Escalated from 2010 Price

Table A-4
Run 1 2010

Met Present Value Over Project Life
Cost

Capital Expenditure (Equity)

38,747,614

Financing Costs {Debt)

21,045,017

Other Metlrics

Breakeven Capital Costs

2020 Nominal

2013 Regl™**

$/kw*

Operating Costs

55,325,155

1,298

1,3130)

S/kwh**

Taxes {Refund or Paid)

14,350,211

Electricity Sales

41,096,460

Benefit-to-

Systern Electric Supply Capacity

33,504,923

Non-synchronous Reserve {MNon-spin)

15,110

Synchronous Reserve [Spin)

6,174,641

Frequency Regulation

0
0
g
0
o

55,621,463

Total

125,668,101

Cost Ratio

Capacity Factor

136,412,597

Breakeven Residual Capacity Value

649

565

1.05

5115

17.90%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2032 2033 2034 2035 2036 2037 2038 2033
Electricitysales 4,091,847 4255521 4,425,742 4,602,772 4,786,883 4978358 5,177,492 5,384,592 5,599,976 5,823,975 6,056,934 6,551,180 6,813,227 7,085,756 7,369,186 7,663,953 7,970,512 8,289,332 8620905
BenefitRevenues 9974473 10297000 | 10630939 10976656 | 11334612 11,705,263 12089086 | 12486574 12898240 | 13324617 13766258 14,697652 15,188,624 15,697,295 16,224,336 16,770441 17,336333 1752,762 18,530,509
Operating Revenue 14,066,321 14,552,541 15,056,681 15579428 16,121,495 16,683,621 17266579 17871166 | 18498216 . 19148592 19,823,191 21,248832 22,001,850 22,783,051 23,503,522 24434394 25,306,845 26,212,095 27,151,414
Total Reverue 14,066,321 14,552,541 15,056,681 15579428 16,121,495 16,683,621 17266579 17871166 | 18498216 19148532 19,823,191 21248832 22,001,850 22,783,051 23,503,522 24,434,394 25,306,845 26,212,095 27151414
Fixed O&M 750,000) (765,000) {780,300) (811,804) 844,522) (851,51) {878,745) 896,218) i (952,181 1989,500) 200! { 9 {1,050,281) ,608)
Variable O&M (23,532 003) (24,483 ,501) (27,031 (27572) ¢ 29,845) 0, 050) ,951) (34,282)
Charging Costs 4,506.226 4,765.774) 05) 22 5,798,293) ©03 6271438 {7,054510) {7,326,890) {7.620,158) i, 890)

i a o o 0 0 0 o o 0 0 9 0
Fuel Costs 0 a a o o o o o o o a o o o o )
Non-Fuel Start-Up Costs o a a o o a a o [ 0 [ [ o o o a a
Property Tax {580,800) 580,800) {580,800} {580,200) (580,800) (580,800) (580,200) 80,200 (580,800) {580,800) {580,800) (580,800) (380,800) (580,800) (580,800) 580,800) (380,800) {580,800) {380,800)
Total Operating Costs 5,760,558) 3 6,358,082} 6,572,757) 6,795,600) 7,027,205 (7,267,538) ) 7,776,676} B0%6,022) 8325773) 3 8.918,137) 0,231,617) 0,557,237) 9,695,478 10,246 827 10,611,800} 10,690,044,
Operating Profit 8305762 9221345 9,548,737 9,887.932 10239374 10,603528 10980875 11,371,915 11777169 12,197,176 13083714 13,551,433 14036285 1453892, 15,060,023 15,600,204 16,160,470
Interest Expense 2,394,603 2,150,981) @ 2,023,395) 226) (1,855,732) [0 2) (1,655,229) 2 75,005) 1035,788) G (731,010) (564, (387,396)
Loan Expense (1,236,743) 328) 1,571,993) [ ) {1,772,205) 2) 8) (2,381,936 (2,539,758) (2,696,715) (2,863372) (2,040,328)
DebtServiceReserve o o 0 0 0 o 0 0 0 0 o 0 Q o
Interest earned on DSRF 72,164 72164 72164 72,164 72,164 72164 72,164 72164 72,164 72,164 72,164 72,164 72,164
Interestearnedon Battery 712,267 804469 229,327 908,606 0 o 0 0 9 0 o 0
Net Finance Costs {2,633.20%) 2,621.282) 551,091 2,526,233) 2,446,954) {3,355,560) {2,335,560) 56 (3255560 {3355.560) 560) 5.550)
State Tax Refund (Paid) 75,098 517562 155,869 (357,690) ) (920,823) {1007,631) (1,055,109) (1,168,693) {1,226,999) (1,287,797) 00)
Federal Tax Refund (Paid} 271,050 1,868,023 562576 1,293,002) (3.255,389) (3,287,413) 3,635818) (2,622,617) 4428577 (4,648,013) (4,876,852
TaxCredit-FederalTC o o 0 o [ o o o 0 0 [ 0
Taxes Refunded (Paid} 346,149 2385585 718445 5 2) 1,835,092 385 (4,157,340 24 (4,198.236) (4,644,549) 4881,726) (3.386,818) 5,655,576) B10) 6,228,052) 6,532,850,
{tnvestedBeforeProject} (43,104 065) o o o o o o 0 o o o o o o o o 0 0
After-Tax Equity Cash Flow 6,008,619 8364565 7025175 6,121,265 5,532,510 5,713,007 5,903,476 5,135,954 4,376,581 4,582,894 4223373 4,404,857 4,632,488 4846408 5,066,845 5,293,907 5,527,786 5,768,653 6,016,683 8,607,470
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Run 1 2010 P4P: Run 1 with Price Escalated from 2010 Price and 2X Regulation Price

Table A-5

Run 1 2010 P4P

Net Present Value Over Project Life

Capital Expenditure (Equity)

Lost

38,747,614

Financing Costs (Debt}

21,045,017

Operating Costs

72,108,834

Taxes {Refund or Paid)

36,965,855

Electricity Sales

50,464,140

System Electric Supply Capacity

33,106,461

Mor-synchronous Reserve [ Mon-spin}

259

Synchronous Reserve {Spin)

3,252,613

Freguency Regulation

o
0
U
o
G

121,576,513

Total

168,867,320

208,459,987

Other Melri
Breakeven Capital Costs

2020 Nominal

2013 Real***

$/kw*
$/kWh**

Benefi

2,480

2,159

Capacity Factor

b-to-

Cost Ratio

Breakeven Residual Capacity Value

1,240

1,079

23.30%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
ElectricitSales 5,024,558 5,225,541 5,434,562 5651,945 5878023 6,113,144 6,357,669 6,611,976 6876455 7,151,513 7,437,574 7,735,077 8,004,480 8,366,259 8,700,909 9,048,946 9,410,904 9,787,340 10,178,833 10,585,987
BenefitRevenues 16213311 16786354 | 17380808 17997500 1 18637,290 | 19,301,068 19,989,764 20708340 | 21445800 | 22215183 23013573 23,842,093 24701915 25,594,252 26520367 27,481,574 28479238 29514775 30,589,662 31,705,430
Operating Revenue 21237870 . 22011894 22815370 | 23649445 24515312 25414212 26347433 27316316 | 28322255 29366696 30451146 31,577,170 32,746395 33960511 35,221,277 36,530,520 37,890,141 39,302,115 40,768,495 42291417
Total Revenue 21237870 22011894 22815370 | 23549445 24515312 25414212 26347433 27316316 | 28322255 29366696 30451146 32746395 33960511 35221277 36,530,520 37,800,141 39302,115 40,768,495 42291417
Fixed OBM {750,000} {765,000) {780,300) {795,906) 26,061) 844,622 (861,539) 878,743) 896,319) 914,246) {951,381) {970,205) {1,029,589) 1,050,181 1,071,385)
Variable O8M 666) (31,279) (33,858) 5) (35,226) (#5830) (36,645) {20,670) 2,098)
Charging Costs ) 2 7,352,187) 7,656,675 ) 8512,718) {10,075,662) 43

i a a o o o o o
Fuel Costs 0 0 o 0 9 0 0 o 0 0 0 9 0 [ 0
Non-Fuel Start-Up Costs o a o 0 a [ o a o o o a
Propesty Tax (580,800 (580,800) {580,800) (580,800) {580,800) (580,800) {580,800) {580,800) {580,800) (580,200 (580,800) 580,800)
Total Operating Costs (7A412,647) | (7,670.308) 92 {B216,00%) {B.804,506) 07769348 | (10196,680) 10,865,876) 11,250,030) (11,666,336) 12,089,550} 125
Operating Profit 13825222 14341586 14877408 15,433,440 16,609,306 18545321 19240210 19,961,492 20,710,195 21,487385 22294174 23131716 24001211 24,903,905
Interest Expense (2,394,602) {2,380,756) (2,262,8653) 0 (2,180,881 (2,033,39) 5 (1,6 02) (1,429,505 {1,306,121) {1,175,006) {1,035,788) (887,967) (73,010) (387,396) (199,509)
Loan Repayment Expense
(Principal} (L033,322) L (1,096,959) (4,164,761) ©  {1,236,743) (1,392,328) {1,669,342) {1,772,295) (1,881,822 {1,998,319) (2,252,718) (2,392,936 (2,339,758) (2,696,715) (3,060,328) (3,228,220)
DebtServiceReserve
Withdrawal o 0 0 0 0 o 0 o o o 0 o o o 0 0 [ o 0 233,419
Interest earned on DSRE 72,164 72164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72160 72,164 72,164 72,160 72,164 72,164 72164
Interestearnedon Battery
Replacement Fund 712,267 734277 756,966 804469 829,227 4 o a
Net Finance Costs &, ) { @ 3 5

)
4

State Tax Refund (Paid) 22) (889,084) 5 (1,710,783) (2,048,590)

federal Tax Refund (Paid) (1,480,988 3,208.950) 3 (5668,001) 6,174,590) 6,462,05 (6,761,307 (7,307,526) (7,735,629)

TaxCredit-Federal TC 9 o 0 [ 0 9 a o o 0 0

Taxes Refunded (Paid} {502,810} 46226 (1,724,940} 5,056,056) 8,098,034 4,387,383) (5.956556) 7,239,549) 7576459 7,533.008) 7.885.473) 8252467 8.634,620) 27) 19,878,892

Equity thvestment

(InvestedBeforeProject} (43,101,955 9 o o o 0 o o o 0 o o 0 o o o o a a a
After-Tax Equity Cash Fiow 9279120 | 11766529 10563874 9,802,180 93612344 9695690 10046176 9,445,087 8,858,818 9245173 9,072,912 9,469,162 9879364 10303994 10,743,546 11,198,524 11,669,453 12,156,870 12,661,229 15518820
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Run 1 LMS100: CONE derived from LMS100

Table A-6
Run 1 LMS100 Derived CONE

Other Metrics
Breakeven Capital Costs

Met Present Value Over Project Life

Lost Benefit

Capital Expenditure {Equity) 38,747,614 2020 Nominal 2013 Real®**
Financing Costs {Debt) 21,045,017 LW 1894 1649
Operating Costs 53,559,217 S/kwh** 947 824
Taxes [Refund or Paid) 26,038,162

Electricity Sales 0
System Electric Supply Capacity 0 = = =
Non-synchronous Reserve {Non-spin} 0 S0
Synchronous Reserve (Spin) 0

Frequency Regulation 2 Capacity Factor 21.50%
Total 139,390,011

2026 2031 2032 2033 2037 2038
Elegtricity Salex 4088768 426208 442241 0 4599207 A 7RA2R0 437481 . BIREIG 5,380,533 6,598,761 5218591 | EBABLITE 8294470 BR4E 243 GO08008 . ToBOAZZ ¢ T IE3B39 T B58,165 TAE4ER | BIEA30NG SEHAY7
Benefit Fevenues leBa0me0 - 1287iRE 13416268 1801451 WMIBILBNZ  MBEBE4 BATHATR HAN408 1G4EBEE2 1704250 1783978 250058 WBONIENE 19860019 20259293 0 20976050 1 2720504 | 22482073 0 23292771 ahtennm
Liperating Flevenus 16,628,34 17,223,873 TRE40ETS | 18,460, 75 19,044,971 19834,262 20 2L281T 220824 22BE2094 - 22682095 - J4EBIE0T - 2547856 - ZEOPENT | IVIATIE | 28040029 29375488 | 30456595 LOLETHAEE ST
Totat Fevenus 1652934 17,222,683 17040673 - 10,481 75 13144,971 . 19834262 20 2206242 22BE2094  23E92.0095 - ABSIRO7 25447856 - ZEOVENF | 27338716 - 240029 - 29378489 - 0456505  MBTNEEL 327
Fised Cia) (ROO00L  (fen000)  [otuou) Siheat | [Gon ey [578,745) [9i4,2467 LT AT REEX ) LN : ey
Wariable b f2n 1 129,509 CE e (35,008 (34,265) {35,751 1 9 (T (BATL (41,057}
Charging Costs 4208415 A 5eaER0E (4T 14,920,912 (GIELTT (BSUTMZL (H208 624 {£,234,8081 1 TR B2y (TETEEM] (61808501 i} 1
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Run 1 Low CONE

Table A-7
Run 1 Low CONE

Capital Expenditure {Equity)

Net Present Value Over Project Life
Lost

38,747,614

Other Metrics

Breakeven Capital Uosls

2020 Mominal 2013 Real***

Financing Costs {Debt)

21,045,017

S/kw 1452 1264

S/kWh** 126 632

Operating Costs 53,559,217
Taxes {(Refund or Paid) 17,314,598
Electricity Sales 0

Benefit-to-Cost Ratio 1.08

System Electric Supply Capacity

Mon-synchronous Reserve [Non-spin}

Breakeven Residual Capacity Value SO

Synchronous Reserve [Spin)

Frequency Regulation

Capacity Factor

Total 130,666,446

2020 2021 2022 2023 2024 2H2% 2026 2621 2028 2023 RO3H 2031 2052 2033 2034 203% 2036 2087 2038 2039
Elertricity Saler 4058766 452018 442240 AZHRBOT | 4 TEIZ60 4,374,611 5113595 SaB0EIR 5,595 751 5512581 BH52ATE G40 SE46.24% LEOROHE | TOE0422 | TI65538 1,658,165 TI64.512 528035 BEWAT
Buncfit Fovenuas 1163404 10552513 10561287 WSEEMT . TR0 | 2241612 12705650 BIGTETS . 13688452 M205723 0 14,T4327 15,510,873 15,534,584 15500651 0 1TIR0518 | 785400 15,465,153 1311855 1390549 20665164
Spersting Ravenie 14258 118 | 14505 % ISSTRT08 15964 44% | W EVG A0 | (TG Rk | (TSTH 248 Wrea e - IGEE4 T | RO 028500 C 20RGTEAE | PMEO5G4Y | HHMRHRN I A08T4S 2421000 0 244G THG - OB 12GLYE  PTINE6T oS ifande 28 2a% A0
Totsl Bevenuo BITII0E 15064 443 (BETEISE .57 245 BEEREIE 1B EsA1E  ROO2ESR0  FOSOLAAS STAUSIAR  REHBHEE RLI0STAS B SMOAN0  BSAEETIS 26123374 2TIS6.U57 SEIEA24z 205350
Figed D& [ran, 300y (Ta5a08) & 1 3 3 H [G1h,2467 {FRREE LN 3] (ET2001  [IRBA08Y [LI03 407 [0 {LOBGEET LOTHIBS) i Bony
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Lowan Fepapmont Enponse

28,820
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Run 1a

Table A-8
Run 1a

Capital Expenditure [Eguity)

Net Present Value Over Project Life
Cost

45,714,902

Benefit

Financing Costs {Debt]

24,219,274

Other Metrics
Broakeven Capital Losts
2020 Nominal

2013 Real¥*™

Operating Costs

53,559,217

S/kw*

1422

1,238

S/RWh™*

Taxes {Refund or Paid)

26,643,821

Electricity Sales

a

Benefit-to-Cost Ratio

System Electric Supply Capacity

Non-synchronous Reserve {(Non-spin}

Synchronous Reserve {Spin)

Frequency Regulation

g
o
0
0

Total

154,137,225

Capacity Factor

i

711 619

!

07

Breakeven Residual Capacity Value

Z6TH 21 EHLE 623 224 2425 24624 2827 EHEL 2424 ) 2431 2452 2833 ez 2435 2834 B 23t 2838
Efestrisivy Saler ALBEETEE 4E5L59% 4, 4i41 4549 507 4,763,850 457461 AR 5,580,534 B85, 5,413,591 £982,5T8 £,294,4%0 5,546,249 £ 05,088 80458 TIRERES 1.655,128 T4 512 FEHE093 Fh34,417
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Run 1b: Base Case Without Regulation

Table A-9
Run 1b

Net Present Value Over Project Life Other Metrics
. o Breakeven Capital Costs

Capital Expenditure {Equity} 38,747,614 2020 Nominal 2013 Real™**
Financing Costs {Debt) 21,045,017 S/low*
Operating Costs 28,255,643 S/kwh**

Taxes [Refund or Paid) 8,514,249
Electricity Sales 0
System Electric Supply Capacity 0 —

Mon-synchronous Reserve (Mon-spin} o
Synchronous Reserve [Spin) o
Total 96,562,524

Capacity Factor

2020 2021 2022 2023 2024 25 2026 2027 2028 2030 2031 2032 2033 2034 2035 2036 2037 2039

Electricitysates 2,447,190 2,545,077 , 2,752,756 2,862,866 2,577,381 3096476 3220335 3,349,148 3483, 3,622,439 3,767,336 3918030 4,074,751 4,237,741 4,407,251 ,957,5¢ 5,155,860
nues 7400394 7,632,212 7,872,018 8120107 8376784 8,642,365 8,917,180 9,201,570 9,495,889 9,800,506 10,115,804 10442,179 10,780,044 11,129,827 11,491973 11,866,944 1, 255 219 12,657,298 13,073,697 13,504,954

Operating Revenue 9,847,584 10,177,289 10518899 10,872,863 11,239,650 11,619,746 12,013,656 12,421,904 12,845 037 13,283,620 13738243 14,209,515 14,698,074 15204578 15,729,714 16,274,194 16,838,760 17424180 18,031,255 18,660,814

Total Revenue 9,847,584 10,177,289 10518899 10,872,863 11,239,650 11,619,746 12,013,656 12,845,037 13,283,620 13,738,243 14,209,515 14,698,074 15,204,578 15,729,714 16,274,194 16,838,760 17,424,180 18,031,255 18,660,814

Fixed O&M (750,000) (765,000) 780,300) (795,905) ©3462) (878,745) 4 952,184 970,20%) (985,509) 4,005,402) (1,020,589) (1,05 ) 1,052,608)

Variable O&M (15,813) (16,1 ) 116,782) 18,529) (20,057) (20458) (20,867) (21,282) ) (23,08)

Charging Costs {1,697,825) {1,765,738) 57) (1,009,822) (2,065,663) (2,234,222) (2,223,500 (2,718,277 (2,827,003) (2,040,083) (3,057,687) (3,3 (3,439,482) (3,577,081)

Housekeepinglower ) [ o ) o 0 a a a a o 0 a 9

Fuel Costs o [ 0 0 [ 0 0 0 9 0 0 o 0 0 0

Non-fuel Start-Up Costs o a a a o a 0 o a o o o o [

Property Tax {580,800) {580,800) {580,00) {580,800) {580,800) {550,800) {580,800} 580,800) (580,800) (580,800) {520,800) {580,800 (380,800} (550,200) {580,800 {580,800)

Total Operating Costs 3,04 2,127 669) (3213,92) 3,395,957 (3.491,085) 3,591,527) 3,694,702) & 80 65%) 2,012,353) 4,007,519) 4270310} {4,398 486) 4,669,172 4,960,215} 5114033} (5.273,508)

Operating Profit 6,803,144 7,049,620 7304978 7,569,552 7,843,693 8,127,761 8422134 8,727,203 9043373 9,371,067 9,710,724 10,062,798 10,427,763 10,806,112 11,198,355 11,605,022 12,026/667 12,463,861 12,917,201 13,387,306

Interest Expense (2,399,502) (2,330,756) {2,262,963) {2,190,981) {2,114,550) (2,033,39) (1,947,226) (1,835,732) {1,758,582) {1,655,429) {1,545,902) (1,425,605 (,306,121) (1,175,008) {1,035,788) (887,967) {721,010 {554,353) {387,396) (199,504)

Loan Repayment Expense

(Principal) (1,033,422) (2,086,969, (1,164,761) (1,236,743) (1,313,174 (1,394,328) (3,480,298) 1,655,142) (1,772,285) 1,881,820) (1,998,1 (2,123,60) (2,252,718) (2,393,985) (2,539,758 (2,696,733) (2,853,372) (3,040,228 (3,208,220

DebtServiceReserve

Withdrawal Q 0 0 9 o o 0 9 [ 9 [ [ o [ 9 0 0 o 9 2,335,419

Interest earned on DSRE 72,164 72,164 72,164 72164 72,164 72,164 72,164 72164 72,164 72164 72,164 72,64 72,164 72,164 72,164 72,164 72164 72,164 72,164 72,164

interestearnedon Battery

Replacement Fund 712,267 734277 756,966 780,356 829,327 908,606 [ 0

Net Finance Costs 2,633292) {2,621,283) 2,508,594) (2.575.208) {2526,233 {2,446,954) 3,355,560) (32

State TaxRefund (Paid) 207,930 654,629 297,340 2,145 (202,081) (730,676) {857,759)

Federal Tax Refund (Paid) 750476 2,362,771 1,073,182 116019 {728,402) 837310) 2,637,210) (3,085,925) 3,942,409

TaxCredit-Federal TC o Q 0 0 o o o a

Taxes Refunded (Paid) 958,405 3,017,410 1,370522 148,164 (1,094,835) 2,208,858 (3,367,883) (3,547,085) (3,746,108 (3,953,684) 4,396,176 (4,633,889) (5,877,978 (3,400,908)

Equity lnvestment

{investedBeforeProject} 43,191,055) o o o a 0 o o o o o o o o o o a a a o

After-Tax Equity Cash Flow 5,118,258 7,445,747 6076906 5,142,512 4,522,203 4,670,035 4,826,689 4,004,156 3,228,534 3397311 2,998,921 3,160,153 3326095 3,496,858 3,672,552 3,853,287 4,039,174 4,230,324 4,426,803 6,964,260
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Run 1c: Base Case with High CapEx Assumption

Table A-10
Run 1c

Net Present Value Over Project Life

Capital Expenditure {Equity) 76,444,368

Other Metrics
Breakeven Capital Costs
2020 Nominal 2013 Real***

0

Financing Costs {Debt) 45,678,609

0 Sikw* 1,934 1,684

Operating Costs 58,694,132

0 S/kwh** 867 842

Taxes (Refund or Paid)

1,672,052

Electricity Sales

Benefit-to-Cost Ratio 0.91]

41,065,527

32,828,088

Mon-synchronous Reserve (Non-spin)

9,068 Breakeven Residual Capacity Value

S278

Synchronous Reserve [Spin)

9,354,815

g
0
System Electric Supply Capacity 0
0
0
o

Frequency Regulation

81,087,223

Total 181,817,109

166,026,773

Capacity Factor 21.50%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Electricitysales 4,083,768 4252318 2822411 4,599,307 4783280 4974611 5,173,535 5,380,539 5,595,761 5,819,591 6,052,375 6,294,470 6,546,249 6,808,098 7,080,422 7,363,629 7,658,185 7,964,512 8,283,093 8614417
BenefitRevenues 12,749,801 13184918 13,635,941 14,103,479 14588159 15,000,638 15,611,595 16,151,737 16711798 | 17,292,582 17894760 © 18519278 19,166,951 19,838,669 20,535,356 21,257,974 22,007,521 22,785,033 23,501,591 24428314
Operating Revenue 16,838,569 17437236 18058352 18702786 | 19371439 20,065,249 20,785,191 21532276 22307559 23112133 23947135 24813748 25713200 26,646,767 27615779 28,621,613 29,665,705 30,749,546 31,874,684 33,042,731
Total Reverue 16,838,569 17,437,236 18,058,352 18,702,786 20,065,249 20,785,191 21532276 | 22,307559 23,112,133 24,813,748 25,713,200 26,646,767 27,615,779 28,621,613 29,665,705 31,874,684 33,042,731
Fixed OBM {750,000) {780,200) {795,906) 828,061) (864,622) 895,319) (932,531) {951,181) {670,208) (989,609) (1,005,403 (1,026,589) (1,071,283) (1,092,508)
Variable OBM {28,185) 28.328) 13) 3) 7 ! (35.050) {35,751) (36,456) ) (27,539) (38,698) 057
Charging Costs (4,205,416) 0) 4 4 5.475,583) 6,724,608) 7,003,992) { 18 {7,878,539) (8,862,285)

i 0 [ 0 0 0 0 0 0 9 [
Fuel Costs o o 0 o 0 o o a o o a
Non-Fuel Start-Up Costs o 0 0 0 0 o [ 0 [
Propesty Tax {1,375,000) 11,375,000} 000) {1,275,000) (1,375,000} 1,375,000) 00) (1. {1,375,000)
Total Operating Costs ,608) 6,734,288) 932,467} 573,826) .2 550,132) 3 {9.096550) (9,385,563) ©.007,858) (10,321,826) 1 3 11,270,860)
Operating_Profit 10478963 10,303,810 | 11,324064 11,770,319 122331 12713317 13211365 14264015 14,820,083 15,397,003 15,995,583 16,616,659 17261104 18,623,755 19,243,879 20,091,213 20,866,810 21671771
Interest Expense 4,724,052) {4598300) 4,964,553 {8322,541) “3171,752) 13013,695) | {3,881,643) 13,469,471 3,263,93) 3,049,877) 2,820,438 {2576,820) 2,318,145) 2,043,483) 1751851 1,432,194) {1,113,400) 764,286) 393,597)
Loan Repayment Expense
(Principal) 2,038,224 (2,297,923 2,439,946) 259073%) | {2,750842) {2500,824 3,:104,357) 3293015 3,496,523) 2,712,609) 3,942,048 (3,185,667) (4,718,002) 5,020,635 8,220,293) 5,649,087 5,998,200) {6,368,889)
DebtServiceReserve
i 0 o o o 0 o o o 0 0 0 o 9 o [ 0 [ o 0 5528928
Interest earned on DSRE 170,844 170844 170,884, 170, 170844 170,884 170844 170,884 170,834 170,844 170844 170,844 170,844 170844 170,844 170,84 170,884 170,834 170,834 170844
Interestearnedon Battery
Fund 712,267 756,966 780356 804469 229327 854953 o o 0
Net Finance Costs 5670,375) 5,834,577} 5611,085) 5787173, 5 762,315) 5.736,589) 6,501,647 6,591,542) 5,551,642 6501 215
State Tax Refund (Paid) 992,262 1,244,246 637675 187916 128017 67801 (1,335,050 1,506,579) 1,597,612 (2,692,743 023)
Federal Tax Refund (Paid} 3,581,349 4,490,827 2,301,546 678242 462,049 204713 4,534,051) 4,822,210 5,427,659 (5.766,221) 6,109.570) ,524)
TaxCredit-Federal TC 0 o o 0 o o 0 0 o o o o
Taxes Refunded (Paid} 4573611 5735072 2939222 866,158 590,066 312514 2,235,001 5,100572) 5,437,956) {5,790,283) 5,158,270) 5,542,655) (6,944,238 7,363,833) 7,802,312) {8,260,587) 8,739,617)
Equity tavestment
investedBeforeProject} 85,012 537} o [ o o o o o 0 o o o o a o o o o 0 a
After-Tax Equity Cash Flow 9,173,199 14575844 | 11,224460 8,898,254 7312174 7,541,067 7,787,189 5758752 3,742,801 4,006,008 3,704,789 3,965,984 4,234,732 4511,192 4,705,521 5,087,875 5,388404 5,697,258 6,014,581 11,869,440
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Run 1d: Base Case with Higher Variable O&M Assumption

Table A-11
Run 1d

Other Metrics

Met Present Value Over Project Life

Cost

Capital Expenditure {Equity] 38,747,614 2020 Nominal

Breakeven Capital Costs

2013 Beal¥**

Financing Costs {Debt) 21,045,017 sflow® 1,700

1,480|

Operating Costs

Taxes {Refund or Paid)

Electricity Sales

System Electric Supply Capacity
Mon-synchronous Reserve {Non-spin)
Synchronous Reserve [Spin}
Freguency Regulation

Total

45,245,282
22,074,406

S/kwh** 850

23,883,178
32,961,342

0
10,652,354
77,592,541
145,085,415

Benefit-to-Cost Ratio

Breakeven Residual Capacity Value

£ e e |0 10

Capacity Factor

127,112,319

740

1.14

S28

11.10%

2020

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2085 2036 2037 2038 2039
Electricitysales 2,377,974 2473003 2,572,017 2,674,898 2,781,893 2,893,169 3,008,8% 3129252 3,254,422 3,384,509 3519983 3,660,782 3807213 3,959,502 4,117,882 4,282,597 4,453,901 4,632,057 4,817,339 5,010,033
BenefitRevenues 12,540,201 12970811 13,412,981 13871305 14,346,399 14838901 15,349,475 15,878814 16427633 16,996,678 17,586,723 18,198,574 18,833,067 19,491,070 20,173,488 20,881,257 21,615,354 22,376,791 23,166,623 23,985,943
Operating Revenue 14,922,175 15,443,904 15,984,998 16,546,203 17128292 17,7070 | 18358371 19,008,065 19,682,055 20381276 21106706 21,859,356 22,640,280 23,450,572 24,291,369 25,163,854 26,069,255 27,008,848 27,983,962 28,995,975
Total Revenue 14,922,175 15,443,904 15,984,998 16,546,203 17128292 17,732,070 19,008,065 19,682,055 20381276 21,106,706 21,859,356 22,640,280 23450572 24,291,369 25,163,854 26,069,255 27,008,848 27,983,962 28,995,975
Fixed OZM (750,000) {755,000) (780,200) (828,053) (851,514) (878,745) (895,315) G (932,531) 051,181 1970,205) (985,601 : (1,029,589) (2,050,381} (1,071,185) (3,092,608)
Variable O&M SN 0) (3,512,067) ( ) (1,702,833 % 7) {1,807,050) (2,880,065 (1,977, {1,995,140) (20 ) (2,117,259
Charging Costs 7). (2 7) (2,308,142) ¢ 46) (2,920,536) 2) (3,285,206) (3,553,279) (3,505,414 (3,995,955) ) )
Housekeepingower o 0 0 0 0 [ 0 [ 0 [ 0
Fuel Costs o 0 0 0 0 o 0 o 0 0 [ 0
Non-Fuel Start-Up Costs 0 [ o [ 0 o [ 0 [
Property Tax 580,800) (580,800) {580,800) (580,800) (580,800} {580,200) (580,200) (580,800} {580,800} (580,300) 5 0,800) (580,800)
Total Operating Costs 2,518,159) 5536} (5,181,305) (5,609,324} (5,315,966) (6,082,913} (6,251,266 (6425525) (6,605,595} 6.751.757) (7,183,485) 5) (8,050,835)
Operating_Profit 10,004,017 10396318 10,803,689 11,226,721 12,122246 | 12506040 | 13,083,100 13,599,141 14129910 14681181 15,253,760 15,848,484 16,466,224 17,107,884 17,774,407 18,466,770 19,185,991 19,933,127 20,709,277
Interest Expense (2,394,503) . (2,330,756) (2,262,953) | (2,100,481) (2,033,39) | (1,047,226) (1,855,732) (1,758,582) (1,655,420) (1,545,002) (1,429,505) (1,305,321 {1,175,006) (1,035,788) (887,967) (731,010) (564,353} (387,396) (198,503)
Loan Repayment Expense
(Principal) (L,033122) | (1,085,959) (1,1664,761) 1 (1,036,743) (1,394,328) | (1,480,498) (1,571,993) (1,669,142) (1,772,295) (1,881,822) (1,998,119) (2,252,718) (2,291,835) (2,539,758) (2,696,715 (2,863,372) (3,040,328) (3,228,220)
DebtServiceReserve
Withdrawal o o [ [ 0 [ a o 0 a o [ o o o a o 0 [ 2335419
Interest earned on DSRF 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,364 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164
Intesestearnedon Battery

Fund 724277 756,966 780356 229,327 854953 936,682
Net Finance Costs (2,521,283) 04 {2 {2,500,606) (2,418,878)
State Tax Refund (Paid) 358,791 (605,502) (1,151,026
Federal Tax Refund (Paid) 1294974 {2,185,036) {4,301,900) ) 1 5
TaxCredit-Federal TC o o o o o o 0 [ 0 o o o [
Taxes Refunded (Paid) 1,653,765 {55,063) 5 (2,327,848) {2,795,539) 03,916) 4 (5,054,835) {5,256,96%) {6,578,340) {5,005,953) (7,256,017) {7,616,977) {8,386,315)
Equity investment
{investedBeforeProject) 0 o o o o o 0 [ 0 0 0 o o 0 o 0 a o o
After-Tax Equity Cash Fiow 7,014,903 9,428,799 8,150032 7,309,531 6,787,089 7,036,927 7,299,835 6,608,162 5,928,008 6,217,116 5,994,116 6,236,006 6,538,089 6,850,700 7,174,184 7,508,894 7,855,193 8,213,454 8,584,060 11,302,820
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Run 1e: Base Case with Three Battery Replacements

Table A-12
Run 1e

Met Present Value Over Project Life Other Metrics
Breakeven Capital Costs

Capital Expenditure (Equity) 61,366,771 2020 Nominal 2013 Real™™*
Financing Costs {Debt) 28,261,110
Operaling Costs 53,559,217
Taxes {Refund or Paid) 256,484,930
Electricity Sales o] 41,065,527
System Electric Supply Capacity 0 32,828,088
Non-synchronous Reserve | Non-spin} 0 9,068
o
0

S/kwh**

g
0 S/kw*
g
0

Synchronous Reserve {Spin) 9,354,815
Frequency Rﬁgu%atmm 81,087,223
Total 169,672,027 164,354,721

Capacity Factor 21.50%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Electricinales 4,083,768 4252318 4822411 4,599,307 4,783,280 4974511 5,173,535 5,380,539 5,595,761 5,819,591 6052375 6,294,470 6,546,249 6,808,098 7,080,422 7,363,639 7,658,185 7,964,512 8,283,003 8614417
BenefitRevenues 12,749,801 13184918 | 13635941 14103479 14,588,159 15,000,638 15,611,595 16,151,737 16711798 . 17292582 17894760 ¢ 18519278 19,166,951 19,838,669 20,535,356 21,257,974 22,007,521 22,785,023 23,501,591 24428314
Operating Revenue 16,838,569 17437236 18058352 18702786 19371429 20,065249 20,785,191 21532276 . 22307559 23112133 23947135 24,813,748 25,713,200 26,646,767 27,615,779 28,621,613 29,665,705 30,749,546 31,874,684 33,042,731
Total Revenue 16838569 17437236 18058352 18702786 | 19371439 20,065,249 20,785,191 21,532276 23112133 23947135 24813748 25713200 26,646,767 27,615,779 28,621,613 29,665,705 31,874,684 2R042731
Fixed OBM {750,000) {765,000} {780,300) (795,906) 811,824) 844,622) 4 {896,319) (932,531) (953,181 {970,205) {982,60) {1,009,401) 1,072, 185) {1,092,608)
Variable O8M (28,189) ,328) 9,015) (20533) (36,266) (37,195) (38,698) )
Charging Costs {4,206,416) ,650) it 36 520,512 (7,003,962 (7284 {7,878,529) 5)
HousekeepingPower, o o o [ 0 0
Fuel Costs o [ 0 0 0 0 [+ o 0 0 0 0
Non-Fuel Start-Up Costs a o o a a 0 o o o a ]
Propesty Tax (520,800} i {580,800) {520,800) (380,800) (580,800) (580,800) 580, (580,800) (80,500} (580,800) {580,800)
Total Operating Costs {5.540,088) | 5,344,049) 6,557, (5,779,626} 7010,052) 457 850) {7.755932) 8,561,463} (8891758 0,203,658 (9,527,526 10,576,760)
Operating Profit 11,273,163 11,688,010 12,118,264 13027390 | 13507517 14005 14522205 15058215 15614283 16191203 16,789,783 17,41 18055304 18,724,002 19,417,955 20,138,079 20885413 21,661,010 22465971
Interest Expense (3,752,466) ¢ (3,601,348) (2,583,981) | (3,460,979) (3,398991) | (3220403) | (3,083,932) {2,935,026) {2,785,166) (2,622,797) :331) (2,262,146 (2,068,578) (1,860,823) {3,640,436) {1,406,323) (1,157,741 (893,757) ©13,541) (315,956)
Loan Repayment Expense

(Principal} (1,636,213) L (1,737,331 (L844,698) | {1,858700) (2,075,748) | {2,208.276) {2485,653) (2,643,513 (2,806,883) {2980,238) {3,164538) (3,360,302) (3,367,756 (3,788,243) (4,022,357) (8,270,538) 34,882) (5,112,713)
DebtServiceReserve

Withdrawal 0 0 o 0 o 0 o 0 o o o 0 0 0 o o o o o 233,419
Interest earned on DSRE 72,164 72164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164
interestearnedon Battery

Replacement Fund 2,153,325 2219863 2,288457 2359170 2432069 1,589,230 829,327 854,953 o [

Net Finance Costs 552) (3,068,058 2 ) 3,767,285) (3,615,364 4527,188) 501561) (5,336515) (5,336,515

State Tax Refund (Paid) 28) 233,556 (660,140 (685,530) (1,208,832) {1,366,024) 1,518,283) {1,508,608) {168

Federal Tax Refund {Paid) (682,510) 842,966 i, 2,382,629) 2 4,723,939) 4,930,355 (5,479,904) (5,769,816) (6,078,892)

TaxCredit-Federal TC 0 [ [ 0 o o 0 9 0 a

Taxes Refunded (Paid} 880,548 1076522 {676,459) 2,009,248) 2.930,091) (3205850 5,718, 365) 5032.772) {5296,375) 6.998.187) {7.368,429). {7763.433) {8173.188 8.605,400)

Equity thvestment

{InvestedBeforeProject) (58,405 539) 0 o o 0 o o o o o o o o o a o o a o o
After-Tax Equity Cash Fiow 7,189,426 9,627,880 8373748 7,557,926 7060175 6,762,506 7,032,350 6,346915 5,672,297 5,966,147 5,697,023 5,991,842 6295822 6,609,208 6932247 6,693,016 7018432 7,353,710 7,699,090 10,350,230
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Run 2: Base Case with P4P Regulation Price

Table A-13
Run 2

Capital Expenditure (Equity)

Cost

Net Present Value Over Project Life

38,747,614

, Benelit

Financing Costs {Debt)

21,045,017

Operating Costs

69,152,374

Taxes {Refund or Paid}

59,745,352

Electricity Sales

System Electric Supply Capacity

Non-synchronous Reserve {Non-spin}

Synchronous Reserve {Spin)

Frequency Regulation

-l

Total

188,694,357

Other Metrics
Breakeven Lap
2020 WNomina!

2013 Regl***

s/kw=

3,660

3,186

S/kWh**

Benefit-to-Cost Ratio
Breakeven Hesidual Capacity Value j

Capacity Factor

S0

26.80%

2020 2021 2022 2023 2004 2025 2026 2007 208 2029 2030 2031 2032 2033 2084 2035 2036 2038 2039
Electricitales 4,736,783 4,926254 123, 5,541,366 5,763,021 5,393,542 6233,283 6,482,615 6,741,919 7,011,5% 7,292,060 7,583,742 7,887,092 8,200,575 8530678 871,506 9,595,853 9979687
Benefit Revenues. 21762402 1559254 . 2338507 . 24045348 . 25137011 © 26062776 . 27003978 . 28022003 79058289 :  301:335 . 31,5607 | 32,413,993 33,616,905 34,868,183 36,167,644 37517178 38918,750 40,374,408 41,885060 . 43456508
Operating Revenue 26499185 | 27485508 28509812 29573585 30678377 | 31825797 | 33017520 34255286 540003 | 36876254 3826300 3970453 43,200,648 12,755,275 44370220 45,047,857 47,790,656 49,601,185 51,482,113 53,436,215
Total Revenue 26499185 | 27485508 28505812 29,5/3585 __ 30,6/8377 . 31825797 . 33017500 34255286 35540003 38,263,292 39,704,063 42,755,275 44,370,220 46047857 47,790,656 45,601,185 51,482,113 53,436,215
Fixed O&M {750,000; B (811,823 » 834,622) ) 1922,533) 40 (1029589 [ (1,071,385) z
Variable O8M = 2,417}
Charging Costs (10774279

HousekeepingPower 0
Fuet Costs o 0
Non-Fuet Start-Up Costs 0 o 0
Property Tax ) ) 1280,800)
Total Operating Costs 9.273.965) {10787.423)
Cperating Profit 26,166,937 30,413,525

Interest Expense
Loan Repayment Expense (Principal)

DebtService Reserve Withdrawal

interest earned on DSRF
tnterest earned on Battery Replacement Fund
Net Finance Costs

72,164

72,164

881,371

State Tax Refund (Paid)
Federal Tax Refund (Paid)

(3,807,797

TaxCredit-FederaliTC
Taxes Refunded (Paid) (2osies; | ai0dTan | (5608677 (7352528 ¢ (41740 [10245052) | (10806,808)

Equityinvestment{invested Before Project) 42,151.665) 0 a 0 [ o 0 0

After-Tax Equity Cash Flow 17570737 | 15190060 | 14,6453 | 135084% | 13217001 | 13706010 | 14219113 | 13786234 | 13,974030 13043276 | 13060311 | 14553457 15,168,458 15,806,109 16,467,231 7150673 | 17863313 | 18,600,061 19,363,855 22,491,087
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Run 3: Base Case Storage Duration of Three Hours

Table A-14
Run 3

Net Present Value Over Project Life

Cost
53,474,852
28,531,146
61,278,521
26,874,023

Other Metrics
Breakeven Capital Costs

2020 Nominal 2013 Real*™*
1,781
594

Capital Expenditure (Equity)
Financing Costs {Debt]

Operating Costs

Taxes {Refund or Paid)

Electricity Sales

System Electric Supply Capacity
Non-synchronous Reserve [Non-spin}
Synchronous Reserve (Spinj
Frequency Regulation

Total

S/kw*
S/kwh**

Benefit-to-Cost Ratio
Breakeven Residual Capacity Value

50,671,736
48,370,231
7,122
10,520,472
78,389,408
187,958,970

1.10

DIolo oo

Capacity Factor
170,158,542 pacity

2020

2021

2022

2023

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Electricitysales 5,045,228 5,247,037 5,456,919 5675195 5,902,203 6,138,291 6,383,823 6,639,176 6,904,743 7,180,933 7468170 7,766,837 8,077,573 8400676 8,736,703 9,086,171 9,449,618 9,827,602 10,220,706 10,629,535
BenefitRevenues 14367994 - 14832404 15,313,184 15810044 | 16326320 . 16859969 17412577 17,984,853 18577535 19,191,390 | 1987215 20,485,836 21,168112 21874937 22,607,236 23,365,974 24,152,149 24,966,803 25,811,014 26,685,905
Operating Revenue 19,413,223 20,075,441 20,770,102 21486140 | 22228523 22,998,261 23796400 | 24,624,028 25482278 26372323 27,95385 28,252,733 29,245,685 30275612 31,343,939 30,452,144 33,601,767 34,794,405 36,031,720 37315439
Total Revenue 19,413,223 20,079,441 20,770,102 21486140 . 22228523 22,998,261 23,7 24,624,028 25482278 26372323 27,295385 28,252,733 29,205,685 30275612 31,343,933 32,452,184 33,601,767 34,794,405 36,031,720 37,315,439
Fixed OBM {750,000) {780,200) {795,506) (828,051) 2 (861,512 (678,745) (895,319) i %) (1,020,569 p 5) {2,092,608)
Variable O&M 13%) § (35,380) € (38,819) @ 48,265)
Charging Costs 628) 54 : 16,600,099 (9,032,692) (10,160,550
Housekeepingower o a a 0 0
Fuel Costs [ 0 o 0 o 0 0
Non-Fuel Start-Up Costs 0 o o o [ o o
Propenty Tax E 306 { (773,306) 7 (773,306) (773,306) {773,308 2 (773,305) (773,205) (773,306) (773,306} {773,306)
Total Operating Costs (6,567,632) (6,806,220) | (7,029,171) (7,262,785) (B.01 (8,290,958 {8366,605) 9,171,245 (0,487,688) (9,816,359 10,157,862} (10,512,578) {10,831,053) (12,074,730}
Operating Profit 13,491,809 13,965,873 14,456,968 14,965,739 15,492,851 16,038,998 16,604,902 17181310 17,799,000 18428779 19,081,488 19,757,997 20,459,213 21,186,077 21,939,567 22,720,698 23,530,528 25,240,709
Interest Expense (3,216/522) (3,123,073) . (3,023,731) (2,518,051) | (2,805251) (2,687,330) (2,361,060) (2/426,536) (2,284,627) 12,133,470) (1,872,571) (1,802,553) (1,621,50¢) (1,429,472 (1,225,466) (1,008,853) (778,852) (534,638) (275,332)
Loan Repayment Expense
(Principal) (3,607,465) ©  {1,706,806) (L,024,286) | (2,043,207) (2,169,477) (2,303,552) (2,445,910) (2597,068) (2,757,567) (2,927,984 (3,108,934) (3,301,066 (3,505,072) (3,723,685) (3,951,685) (4,195,899) (4,455,206)
DebtServiceReserve

i o 0 o 0 0 o 9 o o o 0 o o 0 0 0 0 0 0 3109491
Interest earned on DSRF 96,083 96,083 96,083 96,083 96,083 96,083 96,083 96,083 96,083 95,083 96,083 96,083 96,083 96,083 96,083 96,083 96,083 96,083 96,083 96,083
Interestearnedon Battery
Replacement Fund 1,068,401 1,101,415 1,135,449 1,170,534
Net Finance Costs 3) | (3533,039) (3,439,006) (2 20
State Tax Refund (Paid) ) 507,762 19,556 &) (685, (2,015,742)
Federal Tax Refund (Paid) (270,549} 1,832,654 70,584 (1,250,499) (2,474,587) (3,952,918) {5,489,300) : 1 (7,289,806)
TaxCredit-Federal TC 0 0 o a 0 o 0 o 0 o 0 [ 0
Taxes Refunded (Paid) (345,508) 2340417 90,141 (1,596,857) (2,881,736) (5,022,588) 16,933,127) (6,678,837) (7,010,186) (7,355,275) (7,714,722) (2,089,176) (8,825,259 (9,305548) 3
Equity Investment
{investedBeforeProject) (50,608/418) o o o o 0 0 0 o o o o [ o 0 o 0 o a o
After-Tax Equity Cash Flow 9,122,597 12299186 10,557,008 9,396,081 8,656,251 8,942,181 9,242,981 8,269,916 7309412 7,636,441 7,115,488 7,436,847 7,768,268 8,110,036 8,462,446 8,825,795 9,200,385 9,586,526 9,984,529 13,500,203
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Run 4: Base Case Storage Duration of Four Hours

Table A-15
Run 4

Met Present Value Over Project Life Other Metrics

Breakeven Capital Costs
Capital Expenditure {Equity) 68,332,097 2020 Norminal 2013 Regl¥™>
Financing Costs {Debt} 36,102,229 Sl 2,136 1.860]
Operating Costs 66,598,677 ~ Sl 534 465
Taxes {(Refund or Paid) 26,712,253
Electricity Sales 0 56,908,784 Benefit-to-Cost Ratio 1.0

System Electric Supply Capacity 63,016,028
5120

Non-synchronous Reserve [ Non-spin) 7,835
Synchronous Beserve {5pin) 10,051,067
Freguenty ﬁegﬁﬁaﬁm 78,172,952
Total 197,745,257 208,156,666

Breakeven Residual Capacity Value

O o

Capacity Factor 27.60%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 3 2037 2038 2039
Electricitysales 5,666,232 5,892,881 6,12859 6,373,740 6,628,650 6,893,837 7,169,591 7456374 7,754,629 8,064,814 8,387,407 8,722,903 9,071,819 9434692 9,812,080 10,204,563 10,612,746 11,037,255 11,478,746 11,937,896
BenefitRevenues 15,969,557 16,464,632 16976636 | 17506188 18,053,933 18620537 19206604 | 19813124 20440574 . 21,089.821 21,761,670 22,456,959 23,176,555 2921362 24692315 25,490,389 26,316,594 27,171,978 28,057,633 28974688
Operating Revenue 21,635,789 22,357,513 23,105,232 23879928 24,682,622 25,514,374 26,376,284 27,263,498 28,195,203 29,154,635 30,149077 31,179,862 32,248375 33,356,054 34,504,355 35,694,952 36,929,340 38,009,234 39,536,378 40,912,584
Total Revenue 21,635,789 22,357,513 23,105,232 23879928 24,582,622 25514374 26,376,284 27,263,498 28,195,203 29,154,635 30,143,077 31,175,862 32,248375 34,504,355 35,694,952 36,929,340 38,209,234 39,536,378 40912,584
Fixed OZM (750,000) (765,000} 1780,300) (795,506) {828,051) (863,514) (876,745) (895,319) (989,605) {3,005,403) 29,589) (2,092,508)
Variable O&M ) (37,020) (37,761) (38,516) (“0,072) (41,604) (43,373) (47,850) (48,847) ) (52,874)
Charging Costs ) (8407387 (5,623,583 (5,848,630) (6,325,873) (6,842,070) (7,400,383) (5,003,657) (9,363,845) (10533,052) : (i0954,374)
Housekeepingower 0 0 0 o 0 0 o 0 0 0 0 [
Fuel Costs 0 [ o 0 0 0 0 o [ 0 0 0 0
Non-Fuel Start-Up Costs 0 0 o 0 0 [ o 0 0 0 0 0
Property Tax (958,550} (958,550) (958,550) {968,550) (968,550) (968,550) (968,550) (968,550} (968,550) (968,350) (968,550) (968,550) (968,550) 968,550)
Total Operating Costs (6,054,255)  (7,177.957) (741 (7,652,602) 7.5 ) (8162561 (8,713,825 ) (8,308,627) (8,050,462) (10,200,183} (10,623,107) (11,008,746) (11,390, (12,62 (13,068,407)
Operating_Profit 14,681,534 15179556 15694939 16,228,327 16,780,387 17,351813 18,555,673 19,189,631 19,846,008 21,225,400 21,958,189 22,712,947 23,494,650 24,304,309 269117 27,844,177
Interest Expense 14,222,524 (3,990,775) | (3,863,833) (3,725,046) . (3,385,029) (3,272,615) (5,401,251) (2,515,379) (2,726,225) (2,521,430 (2,203,368) (2,072,144) (1,826,631 (2,565,945) (2,289,148) (685,180) (351,825)
Loan Repayment Expense
(Principal) (1,822,928) (2,054,077) (2215805) | (2438,022) | (2510,884) (2,772,236) ) (3,325473) (3,318,627) (3,523,718) (3,741,88%) (2,972,708) (4,478,507) (4,755,702) (5,049506) (5,361,672) (3,653,022
DebtServiceReserve
Withdrawal o 0 0 0 o o o 0 [ o [ o [ 0 [ o o o [ 3894577
Interest earned on DSRF 120,342 120342 120,242 120342 120342 120,242 120342 120,242 120342 120,242 120342 120342 120,342 120342 120,242 120342 120342 120,342 12038 120342
Intesestearnedon Battery

Fund 1,424,535 1,468,553 1,513,931 1,560,712 1608938 1,658,654 1,709,906 1817211 873,363 0 o 0
Net Finance Costs (4490,974) | (4,455.956) (4,265855) 1 (42 i (4,051,146 )
State Tax Refund (Paid) 51,171 787,230 ) (679,869) (749,344) )3 0 (L5 11,66 4) (2,325,244) (2,490,962)
Federal Tax Refund (Paid) 184,690 2841332 {2,207,179) (2,704,589) 4,226,071) (5.717,478) {6,007456) {6,208,464) (8,405,885) {8,810,205)
TaxCredit-FederalTC o o [ 0 0 0 0 o [ a [ o
Taxes Refunded (Paid) 235,861 3628563 839,982 033) (5,284,409) (7,703,280) {7301 {7,671,805) {8057,588) (8,877,886 {9,314,009) (10242258) 0 {10736329) ©  (11,051,067)
Equity avestment
{tnvestedBeforeProject} {75,168,785) 0 o o 0 0 0 o o o 0 o o 0 0 0 o o o 0
After-Tax Equity Cash Flow 10417421 14,352,162 12,124,343 10,622,549 9,646,106 9952256 10,274,790 8,999,497 7,737,503 8,085,582 7,299,547 7,632,986 7,976092 8,329,102 8,692,255 9,065,791 9,449,952 9,844,979 10,251,115 14,563,178
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Run 10: Base Case with High Gas Price and Low Energy Price

Table A-16
Run 10

Net Present Value Over Project Life

. . s

Capital Expenditure (Eqguity)

38,747,614

Financing Costs {Debt)}

21,045,017

Operating Costs

55,956,476

Tares {Refund or Paid)

34,089,887

Electricity Sales

0

System Electric Supply Capacity

Non-synchronous Reserve {Non-spin}

Synchronous Reserve (Spin}

Frequency Regulation

g
g
g
0

Total

149,838,994

s/iow*

S/kwh**

Capacity Factor

Benefit-to-Cost Ratio
Breakeven Residual Capacity Value

24

S0

23.60%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
ElectricitySales 3,991,066 4,150,708 4,316,737 4,489,406 4,668,982 4,855,742 5,049,971 5,251,970 5,462,049 5,680,531 5,907,752 6,144,062 6,389,825 6,645,418 6,911,234 7,187,684 7475191 7,774,199 8,085,167 8408573
BenefitRevenues 14,967,544 15,485,743 16023060 | 16580227 17158006 | 17,757,187 18378593 19,003078 19691528 . 20,384,867 21,104,054 21,850,083 22,603,901 23426854 24,259,789 25,123,959 26020571 26,950,880 27516192 28917862
Operating Revenue 18958610 19636452 20,339,797 21,069,633 21,826,983 22,612929 23428564 24,275,048 25,153577 26,065,298 27011806 27,994,145 29,013816 30,072,271 31,171,003 32,311,602 33,495,762 34,725,079 36,001,259 37,326,435
Total Revenue 18,958,610 19,636,452 20,335,797 21,069,633 218269838 | 22,612929 24,275,048 25153577 26,065,398 27,011806 27,994,145 29,012,816 30,072,271 31,171,003 33,495,762 34,725,079 36,001,259 37,326,435
Fixed O8M (765,000) (828,061) (861,524) (678,745) (895, (953,181) (970,205) (985,605) {3,025,589) 12,092,50
Variable O8M 31,605 [ (35,597) (36,309) (37,025) (30,300) (40,088) {40,350) 42)
Charging Costs (5,167,282 (5,845,235) 6,080,085 (6,223,288 (7,112,839) (7,357,353) (7,683,247)
Housekeepingower 0 [+ o [ [ 0 o [
Fuel Costs 0 [ 0 0 o 0 0 0 0 o o 0
Non-Fuel Start-Up Costs o o [ 0 o o o o
Propenty Tax {580,800) (580,800) (5280,800) {580,800) (580,800) 200 (580,800) (580,800) (580,800) (380,800) {520,800)
Total Operating Costs (5,597,774) (6,198,521 (6623450) . (6:848240) | (7,081,701 936) 5, ) 68 (8,088,446) (6,632,886) (10,328,230) (11,078,566)
Gperating Proht 13,154,162 13,638,677 14,141,276 15,203,538 15764680 | 16346863 17,577,639 18,227,955 18,902,764 19,603,015 20,329,693 21,083,825 21,866,477 22,678,756 23,521,815 24,396,849 25,305,102 26,247,870
Interest Expense (2,354,603) . (2,330,756) (2,262,963) (2,033,296 (1,047,225) (2,655,429) (1,545,902) (1,428505) 5 (1,175,005) (1,035,788) (887,967) (731,010) (564,353 (387,396) (196,504)
Loan Repayment Expense
(Principal) (L033,122) | (1,005,568) 64,761) (1,313,374) 5 (1,304328) | (1,480,498) (1,571,593) (1,772,29%) (1,881,822) (1,998,319) (2,252,718) (2,251,936) (2,535,758) (2,696,715 (2,863,372) (3,040,328) (3,228,220)
DebtServiceReserve
Withdrawal o o a o a o o o o o o o o o o o o o a 2,335,419
Interest earned on DSRF 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164
Interestearnedon Battery

Fund 724,277 756,966 829,207 881,371 0 [ 0 o o 0 0
Net Finance Costs {2,621,288) (2,558,564) (2,526,233 {3,255,560) 32 325 {2,355 560) {3,355,560) {1,020,
State Tax Refund (Paid) 72,166 (306,985) (877,195) {1,540,726) (1,688, [ (1,932,683) (2,313,172) 6 12,300,055)
Federal Tax Refund (Paid) 260467 {1,108,007) 2osiaon) | (3,166,037 5,608517 (5,560,005 {6,092,686) 2 ©. (6,575,594) (7,627,021 {7,973,268) (8,334,016)
TaxCredit-Federal TC [ o o 0 [ 0 [ o o a o o o 0
Taxes Refunded (Paid} 32,633 6 (35766,242) | (4,043283) | (4,223,849) (5,575,686 (6,845,257) (7,363,706 (7,780,749) (8,143,452 8517,077) (8,508,275) 6 (9,70,193) ©(10182,378) . (10,643,071)
Equity tavestment
{tnvestedBeforeproject) (43,101,055) 0 o o 0 o o o o o o o o o o o o 0 o o
‘After-Tax Equity Cash Flow 8881490 | 11,350,027 10,127,686 9,345,459 8,883,205 9,195,215 9,522,407 8,897,026 8,285,427 8,645,371 8,445,573 8,813,113 9,193,385 9,586,814 9,993,841 10,414,917 10,850,509 11,301,096 11,767,170 14,584,658
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Run 11: Base Case with Low Gas Price and Low Energy Price

Table A-17

Run 11

Capital Expenditure (Equity]

8

Net Present Value Over Project Life

st

38,747,614

Cost  [penefit |

Financing Costs {Debt)

21,045,017

Operating Costs

51,300,667

Taxes {Refund or Paid)

26,940,544

Electricity Sales

38,520,667

System Electric Supply Capacity

34,046,298

Non-synchronous Reserve {Non-spin)

706

Synchronous Reserve {Spin]

9,310,725

Frequency ﬂegumtmm

0
0
0
0
o

81,809,020

Total

138,633,843

163,687,416

Breakeven Capital Costs

2020 Nominal 2013 Real®*™
1,701
851

S/kw*
S/kwh™*

1,954
977

Benefit-to-Cost Ratio

Breakeven Residual Capacity Value

Capacity Factor 22.20%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Electricitysates 3,835,384 3,988,799 4,148,351 4,314,285 4,185,856 4,666,331 4,852,984 5,047,103 5,248,987 5,458,947 5,677,306 5,904,397 6,140573 6,386,196 6,641,644 6,907,309 7,183,602 7470946 7,769,784 8,080,575
BenefitRevenues 12954218 - 13394752 13,851,355 14324639 14,815,239 15323815 15,851,053 16,397,666 16,364,396 17,552,011 18,161,311 18,793,128 19448325 20,127,799 20832483 21,563,346 22,321,394 23,107,675 23,923,276 24,769,326
Operating Revenue 16,789,601 17,383,551 17,999,706 . 18538904 | 19302005 19,990,145 20,704,037 21,444,770 | 22213383 23010958 23838616 24,697,525 25,588,898 26,513,995 27,474,127 28,470,655 29,504,996 30,578,621 31,693,059 22,849,901
Total Revenue 16,783,601 17,383,551 17,999,706 | 18,638904 19,990,145 20,704,037 21,444,770 | 22,213383 23010058 23838616 24,697,525 25,588,898 26513995 27,474,127 28,470,655 29,504,996 30,578,621 31,693,059 32,849,901
Fixed OZM (750,000) (765,000) (828,051) (844,627 (878,745) (896,319) (o1 (932,531) (1,026,589) (1,073,185) (1,092,608
Variable O&M (20,237) (29,720) o) (34,139) (@4822) (36,228) (35,900) (52,447
Charging Costs (6040452) | (4,200,070) 27) (5529,637) (5,730,823) (5,980, {6,220,090) (7,567,691) (8512,
Housekeepingower 0 0 o [+ [ 0 [ 0 [ 0
Fuel Costs 0 0 [ [ 0 0 0 [ [ [ [

Non-Fuel Start-Up Costs o [ o [ o [ 0 o o 0 [
Property Tax (580,800 (580,800) 5 (580,800) {520,800) (580,800) (580,800) (580,800) {580,800) (580,800) (580,800) {580,800) (580,800)
Total Operating Costs 89) | (5577590) (5,763,567} 20 558) (6,570,606 (7.023,32) (7,262,768 (7,769,648) (8,906,062} (9,218,075) (9,542,178) (0,878,814 | (20228,478)
Operating_Profit 11,383,212 11,805,961 12,238,139 13,151,175 13,633,287 14,133,341 15,190,062 15,748,194 1632719 16,927,876 17,551,070 18,197,649 18,868,517 19,564,614 20,286,917 21,036,443 21,814,245 22,621,423
Interest Expense (2,394608) . (2,330,756) (2,260,963) | (2,150,981 (2,033,39) | (1,047,220) (1,855,732) (1,758,582) (1,655,429) (1,545,502) (1,429,605) (1,306,321) (1,175,006) (,035,788) (887,96 (733,010) (564,357) (387,396) (199,504)
Loan Repayment Expense
(Principal) (L,033,122) (L,096,969) (1,164761) | (1,236,743) (1,394,328) | (1,480,498) (1,571,993 (1,669,142) (3,772,295) (1,881,822) (1,998,319) (2,321,603) (2,252,718) (2,291,936) (2,539,758) (2,696,7 (2,803,372) (3,040,328) (3,228,220)
DebtServiceReserve
Withdrawal o o o a 0 o o [ [ o [ 0 [ 0 o o a [ [ 2,335,419
Interest earned on DSRF 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164
Intesestearnedon Battery

Fund 712,267 724277 756,966 780356 804469 229,327 254953 936,682 0
Net Finance Costs (2,643,232) 2,521,283 (2,598,594) 0% (2,526233) | (2500606) (2,418,878) )
State Tax Refund (Paid) 479) (138,751) {742,400) (1,275, )
Federal Tax Refund (Paid) 55) {500,792) {2,286,664) { 7) {4598,373) {8,818,320) (5,712,735) {7,176,952)
TaxCredit-Federal TC [ 0 o o 0 o o o o o
Taxes Refunded (Paid) (910,234) 1,079,391 {2,032,086) (5872,415) 6,153,302) {6,052,101) {7,295,328) {7,639,391) (7,897,554) (8,370,962) {8,759,988) 439)
Equity investment
{investedBeforeproject) 55) o o 0 0 o o o 0 o 0 o o o o o o o o 0
After-Tax Equity Cash Fiow 7835686 10264070 9,000,002 8,174,413 7,667,098 7,932,280 8,210,807 7,534,852 6870693 7,176,014 6,919,446 7,227,987 7,546,939 7,876,639 8,217,429 8,569,663 8,933,703 9,309,921 9,698,698 12,435,843
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Run 12: Base Case with High Gas Price and Low Energy Price 2X P4P

Table A-18
Run 12

Net Present Value Over Project Life

Capital Expenditure (Equity)

Lost

38,747,614

Financing Costs {Debt)

21,045,017

Breakeven Capital Costs
2020 Nominal

Other Metrics

2013 Regl¥**

Sfkw*

Operating Costs

67,417,808

4,480

3,883

$/kWh**

Taxes {Refund or Paid)

75,062,858

Electricity Sales

2,230

1,941

Benefit-to-Cost Ratio

0 44,988,067

System Electric Supply Capacity

35,305,557

Mon-synchronous Reserve {Non-spin)

26,449

Synchronous Reserve [Spin)

Freguency Regulation

o
O
o 7,852,911
a

209,134,732

Total

Breakeven Residual Capacity Value

297 307,717

Capacity Factor 0.00%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 3 2037 2038 2039
Electricitysales 4,479,323 4,658,496 4,844,835 5,038,629 5240174 5,449,781 5,667,772 5,894,483 6,130,262 6,375,473 6,630,492 6,895,712 7,171,540 7458402 7,756,738 8,067,007 8,389,688 8725275 9,074,286 9,437,257
BenefitRevenues 25,622,998 26577754 27,558,689 2857717 29634811 30732998 | 31873368 | 3057575 34287335 35,564,434 36890730 38,268,152 39,698,707 41,184,480 4,727,681 44,330,444 45,995,233 47,724,445 49,520,613 51386372
Operating Revenue 30,112,321 31236250 32,403,524 23615846 | 34874985 36,182,779 37,541,141 38952058 | 40417597 | 41939907 43521222 | 45,163,864 46,870,247 48,642,882 50,484,379 5,397,451 54,384,920 56,449,720 58,504,899 60,823,630
Total Revenue 30,112,321 31236250 32,403,524 33615846 34874985 36,182,779 37,541,141 40417597 | 41,939007 43521002 | 45,163,864 46,870,247 28,642,882 50,484,379 52,307 451 54,384,920 56,449,720 58,504,899 60,823,630
Fixed OZM (750,000) (765,000) (750,300) (795,900) {828,061) (878,745) (o1 (952,531) (951,181 (970,205) (3,009,403) (1,025,589) (1,050,181 (1,071,185) (1,052,608)
Variable O&M (36,7:5) (37,450) (38,199) (38,963) (40,537) (€3,038) 4,756] (45,652) (50403) (52,439) &)
Charging Costs (5578827) . (5,801,980 (6,034,059) . (6,275,422 (6,787,495) (7,635,010) (£,058,027) 48) (10,445,038) (10,267,000) ©  (13,301,580)
Housekeepingower 0 0 o 0 [ 0 0 0 0 0 0
Fuel Costs 0 [ o 0 0 [ 0 0 0 o o o
Non-Fuel Start-Up Costs [ 0 0 o 0 [ o o 0 [
Property Tax (380,800) (580,800) {580,200) {580,200) (520,800) {580,800) ) (580,800) (580,800) (580,800) 5
Total Operating Costs ) (7,18830) 8) (7,693,091 (8,235,804) 25, (5,461,409 (8,757,825) ) (10,887,658) (12,200,831 (15,006,104) | (13,380
Operating_Profit 23,165,978 24051000 24970166 25924,756 27,945,885 29,015375 31,280,024 32,478,499 33,723393 35,016,534 36,359,819 37,755,224 42,275,080 43,900,328 45,588,795 47,342,986
Interest Expense (2,394,603) . (2,330,756) (2,252,953) | (2,100,981) (2,033,396) . (1,047,220) (1,855,732) (1,756,582) (1,655.425) (1545,002) 11,429,605 11,206,122) (3,175,006) (887,967) (731,010) (564,358) (387,396) (199,504)
Loan Repayment Expense
(Principal) (L,033,122)  (1,085,969) (1,164761) | (1,236,743) (1,354328) | (1,480,498) (1,573,993) (1,669,142) (1,772,295) (1,881,822 (1,998,119) (2,252,718) (2,539,758) (2,696,715) (2,863,372 (3,040,328) (3,228,220)
DebtServiceReserve
Withdrawal o o o [ [ [ a a 0 [ 0 [ o [ o o a o o 2335419
Interest earned on DSRF 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164
Intesestearnedon Battery

Fund 712,267 724,277 756,966 780356 804469 881,371 o [ 0 [ [
Net Finance Costs ¢ 2 (2,598,594) 5,204) (2,551,081) (3,355,560) 0 5,355,550) 5 (2,355,560)
State Tax Refund (Paid) {1,262,263) {1,653,149) (2,375,232) (2,850,870) (3,240,071 (3,280,520) (3,526,707) (3,678,876) )
Federal Tax Refund (Paid) (€470250) 1 (3 553,073) 8,572,807) ) (10,288575) {11,694,309) {12,204,230) (12,728,861) (13,278,079) 1)
TaxCredit-Federal TC 0 o 0 o o 0 o o 0 0 [
Taxes Refunded (Paid) {5,708,795) (5,827,335) 7 {5,006,586) B055) | (12428431) 1 (12,970,232 {14,334 380) {15,581,750) {16,255,568) {16,856,55) {17,687,081)
Equity (nvestment
{investedBeforeproject) i ) 0 o o o o o 0 o o 0 o o o o 0 0 o 0 o
After-Tax Equity Cash Fiow 14,813,891 17519756 16544237 16,018,705 15,823,414 16413067 17,029,007 16703926 | 16,404,639 17,089,288 17,227,389 17,946,240 18,691,876 19,465,285 20,267,491 21,099,555 21,962,575 22,857,687 23,786,069 27,083,358
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Run 13: Base Case with Low Gas Price and Low Energy Price 2X Regulation Price

Table A-19
Run 13

MNet Present Value Over Project Life

Cost
38,747,614
21,045,017
65,449,068
60,716,574

Other Metrics
Breakeven Capital Costs
2020 Nominal 2013 Real***

3,238
1,615

Capital Expenditure (Equity)
Financing Costs {Debt)

Operating Costs

Taxes {Refund or Paid)

Electricity Sales

System Electric Supply Capacity
Mon-synchronous Reserve [Non-spin}
Synichronous Reserve [Spin)
Frequency Regulation

Total

Slkw*
S/kwh**

3,720
1,860

44,064,493 Benefit-to-Cost Ratio
33,864,214
19,116
6,550,724
175,631,368

260,129,915

Breakeven Residual Capacity Value

OIS IO lo e

Capacity Factor 0.00%

185,058,273

2020 2021 2022 2023 2024 2025 2026

2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
ElectricitySales 4,387,365 4,562,850 4,745,374 4,935,189 5,132,597 5,337,901 5,551,417 5773473 6,004,412 6,244,589 6,494,372 6,754,147 7024313 7,305,286 7,597,497 7,901,397 8,217453 8,546,151 8,887,997 9,243,517
BenefitRevenues 22,002,353 22,805,187 23,638,588 24,503,749 25,401,909 26334356 . 27302428 28307517 29,351,069 30,434,583 31,559,638 32,727,883 33,940892 35200542 36,508,619 37,867,019 39,277,717 40,742,763 42,064,250 43844514
Operating Revenue 26,389,719 27,368,047 28,383,962 29,438,939 30534506 31672257 34080990 | 35355481 36,679,177 38054010 39,481,990 40,965,205 22,505,828 54,106,116 45,768,416 47,495,170 49,288,914 51,152,287 53088031
Total Revenue 26,389,719 27,368,047 28,383,962 30534506 . 31,672257 34,080,990 | 35355481 36,679,177 39,481,990 40,965,205 44,106,116 45,763,416 47,495,170 49,288,914 51,152,287 53,088,031
Fixed O8M (750,000) (765,000) (780,300) ) (828, (878,745) (895,315) 31 {051,181) (985,505) (1,005,401) 1026,589) L0 (,071,185) (3,062,608}
Variable O8M (36,439 (37,158) (38670) (39,443) (41 858) {42,695) &) (47,138 {48,083) ) s)
Charging Costs (5,595 018) (5,822,979) (6,550,059 542 (7,367,926) 8619,251) {9,322,776) (9,695,687) {10,506,330) 583)
Housekeepingower [ [ o [ 0 [ [ o 0 0 0
Fuel Costs o o 0 0 0 0 o 0 0 0 0 0 [
Non-Fuel Start-Up Costs o o [ o o [ 0 [ 0 o [
Propenty Tax (580,800) (580,800) {580,800) {520,800) {580,800) (580,800) {580,800) 580,800) {580,800) (580,800} (580,800) (580,800) (580,800)
Total Operating Costs (6,750195) | (6,981.257) (7,2 s (7,725,42 (7,008,362) (8,277,715} 5 (10,156,720} (10,551 427) £ ) (12,167860) . (12,603,338) (13,068,036}
Gperating Proft 19,639,523 20,386,789 21,162,715 21,968,423 23,6738 24576129 25,513,095 26,485,154 27,496,720 3 30,768,485 31,944,401 33,165,792 34,434,447 35,752,223 37,121,054 38,542,948 40,019,995
Interest Expense (2,330,756) (2,262,953) | (2,190,981) ,356) T (1,047,226) (1,855,732) (1,758,582 (1,655,429) (1,545,002) (1,425,605 306,32 (£,375,005) (1,035,788 (887,957) (731,010) (564,353) (387,396) (190,504)
Loan Repayment Expense
(Principal) (L,033322) | (1,085,969) (1,164762) (1,28 (1,394328) | (1,480,498) (1,571,598) {1,669,142) (1,772,295) (1,883,822 (2,252,718) (2,391,536) (2,539,758) (2,696,715) (2,863,372 (3,040,328) (3,228,220)
DebtServiceReserve
Withdrawal o a o o o o o o o o o o [ o o o o o o 2,335,419
Interest earned on DSRF 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164 72,164
Interestearnedon Battery

Fund 712,267 854953 881,371 908,606 936,682 0 o o
Net Finance Costs : 52 (2,621,283 (2,300,606} 24 {
State Tax Refund (Paid) 67) (1,576,36 {3,665,542) (1,96 12,293, 2
Federal Tax Refund (Paid) (1,892,586 BI76838) | (5689551) | (6,011,408) {7,301,008) 0 8,637,762 y 4 ) [cE (11,686,808) | (12,106533)
TaxCredit-Federal TC [ o 0 [ 0 o o o o a 0
Taxes Refunded (Paid} (2730050 (0,416,953 (4,275952) (5, 718.800) (6,866,566) ¢ (7,265000) (7,676,046 (5,068,438 ) 0se0257) ¢ (11030,972) | (13,522514) (12,035,135 (12,366,702) (18,123 086) (14,299,148) (14924,798) ©  (15576,265) . (15,054661)
Equity tavestment
{tnvestedBeforeProject) {43,101,063) o o o o o o o o o o o o o o 0 o o o a
‘After-Tax Equity Cash Flow 12,724,305 15,348,553 14288170 | 13674419 13,387,422 13,881,741 14398577 13,970,469 13,564,079 14,137,485 14,159,735 14,758,251 15,378,787 16,022,140 16,689,137 17,380,634 18,097,516 18,840,697 19,611,123 22,745,193

A-20

SB GT&S 0161722



Run 16: Base Case with Flow Battery Technology

Table A-20
Run 16

Net Present Value Over Project Life

Capital Expenditure (Equity}

Lost

46,259,452

Financing Costs {Debt)

30,229,033

Operating Costs

60,356,706

Taxas {Refund or Paid)

24,800,318

Electricity Sales

0

47,674,175

Systemn Electric Supply Capacity

61,776,376

Mon-synchronous Reserve [Non-spin)

5596

Synchronous Reserve [Spin)

10,204,133

Frequency Regulation

=Rl

78,994,758

Total

161,645,509

198,650,039

Other Metrics
Breakeven Capital Costs
2020 Nominal 2013 Real®™**
2,699
675

S/kw*
S/Wh**

3,100
775

Benefit-to-Cost Ratio

Breakeven Residual Capacity Value

Capacity Factor 22.40%

2020 2021 2022 2: 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
ElectricitySales 4,746,770 4,936,641 5,134,107 5,339,471 5,553,050 5,775,172 6,006,179 6,206/426 6,495,283 6,756,134 7,026,379 7,307,435 7,599,732 7,903,721 8,219,870 8,548,665 8,890,611 9,246,236 9,616,085 10,000,729
BenefitRevenues 15920464 . 16420578 16933720 | 17464514 18013608 | 18581677 19169418 | 19777559 20406853 21,058,082 21722060 ¢ 22,429,630 23,151,668 23899085 24,672,826 25473872 26,303,202 27,161,955 28,051,231 28972002
Operating Revenue 20,671,234 21,357,219 22,067,827 22,803,985 23,566,658 24356848 | 25175597 26,003,985 26303136 | 27814216 28758439 29,737,064 30,751,400 31,802,806 32,892,696 34,002,537 35,193,853 36,408,231 37,667,317 38972821
Total Revenue 20,671,234 21,357,219 22,067,827 22,802,985 23,566,658 24356848 | 25175597 26,003,985 26903136 . 27,814,216 28,758,439 29,737,064 30,751,400 31,802,806 32,892,696 34,022,537 35,193,853 36,408,231 37,667,317 38,972,821
Fixed OSM (750,000) (765,000) 0,300, ©5,506) (828,061 2 (863,55 (€78,745) (82,533, (951,181) (970,200) (985,509) 3,005,401 (02 8 107 (L,092,608)
Variable O8M 476) {30,065) (32, {33,195) 34536) {36,650) (38,130) ) 64) 42,00 (4,941
Charging Costs (5579215)  (4,762,387) (4,052,883) 2 (5573,319)  (5,794,172) (7,09497) (7,624,735 {7,528,725) (8,576,790 (9,27 (9,647,723)
Housekeeping awer [ a a 0 o [ 0 o [ [
Fuel Costs 0 0 [ o [ 0 0 0 0 0 [
Non-Fuel Start-Up Costs o o 0 o o [ 0 0 [ [
Propenty Tax 00) {974,600) {©74,600) {974,600} {974,500) (974,500) {974,500) {974,600) {674,600) ) 0)
Total Operating Costs ) (6,738,440) ) (8,993,277) (9,607,571) 827} {20,270,586) (10,621,444} (10,685,916} ) )
Gperating Profit 14337940 14825167 15,329,377 15,851,201 16,950,325 18,128073 18,748,279 19,390,415 20,055,301 20,743,783 21,456,760 22,195,136 23,751,851 24,572,410 25,422,315 26,302,777 27,214,949
Interest Expense (B5BE34) | (2,782,609 (2,701,674} | (2,615,137 (2524480) | (2,207,602) (2,215,854) (2,099,511 (1,976,361 95) (1,705,757) (1,559,334) (1,402,800) 13,00 872,727) (673,763) 462,299) (238,181)
Loan Repayment Expense
(Principal) (1,233409) - (1,309,633) (1,390,569 476,506) (1,567,754) ©  (1,664,641) (1,876,748) (1,992,731) (2,115,882 (2,246,644) (2,385,486) (2,532,000) (2,685,443) (3,032,130) (3,218,515 (341881) (3/626,744) (3,854,062)
DebtServiceReserve
Withdrawal o o o [ o o [ o [ o o o 0 o o o 0 0 o 3918904
Interest earned on DSRF 121,09 121,094 121,094 121,094 121,094 121,09 121,094 121,094 121,094 121,094 121,094 121,004 121,004 121,094 121,094 121,094 121,094 121,094 121,094 121,094
Interestearnedon Battery

Fund [ o 0 a a [
Net Finance Costs (3,971,349 (3,573,145) (3,871,145) Bz
State Tax Refund (Paid} 93,769 (202, 05,878) ) (1,693,578) X )
Federal Tax Refund (Paid) 338,440 {720,781) (2,150,687) (3,854,519) 2 76%) 6,112,591) {7,600,257)
TaxCredit-FederalTC [ o [ o 0 o o 0
Taxes Refunded (Paid) 432,209 3884923 1119432 ©33,254) @A7TsE03) ¢ (3,746504) | (3,020,662) 4,522,578) (6,833,048) (7,194872) (7,465,066) (7,306,170 (6,295,357) (9,705,014) (0578201) © (13,041,205)
Equity investment
(InvestedBeforeProject) Q o o o o 0 o o o o 0 o o o 0 o 0 o o
‘After-Tax Equity Cash Flow 10795000 14738941 12,477,661 10,946,798 9,944,449 10,232,612 10,537,198 9,233,947 7,944,083 8,274,355 8,615,086 8,966,469 9,208,865 9,702,601 10,088,013 10,485,405 10,895,248 11,317,780 11,753,408 16,121,409
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Run 16a: Base Case with Flow Battery with High Variable O&M cost

Table A-21
Run 16a

Net Present Value Over Project Life Other Metrics
Breakeven Capital Costs

Capital Expenditure {Equity} 465,259,452 2020 Mominal 2013 Real®***
Financing Costs {Debt) 30,229,033 S/kw* 2,884 2,511
Operating Costs 61,603,239 S/kWh** 721 628
Tanes {Refund or Paid) 20,671,083
Electricity Sales
System Electric Supply Capacity
Hon-synchronous Reserve [Non-spin}
Synchronous Reserve [Spin) 12,178,193
Frequency ﬂegutaﬂkim 77,194,483
Total 158,762,807 189,762,484

39,163,150 Benefit-to-Cost Ratio
£1,224, 838
1,820

1.20

Breakeven Residual Capacity Value

=Rl i=E

Capacity Factor 17.80%

2020 2021 2022 2023 2024 2025 2026 2027 208 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Electricitybales 3,899,354 4,055,328 4,217,541 4,386,243 4,561,692 4,744,160 4,933,926 5,131,284 5,336,535 5,549,996 5,771,9% 6,002,876 6,242,991 649,711 6,752,419 7,022,516 7303416 7,595,553 7,899,375 8,215,350
BenefitRevenues 15879006« 16374577 16,887,159 1741739 17,965,937 18533457 19,120,655 19,728259 20357022 21,007,728 . 21,681,191 22,378,056 23,009,800 23846,733 24620002 25,420,592 26,249,520 27,107,887 27,996,674 28917145
Operating Revenue 19,778,379 20,429,905 21,104,700 . 21803638 2527630 23277617 24,054,582 24,859,542 25,693,557 26,557,725 27,453,188 28,381,132 29,342,791 30,339,444 31,372,422 32,443,108 33,552,936 34,703,400 35,896,049 37,122,495
Total Revenue 19,778,379 21,104,700 | 21,803,638 22,527,63 23277617 24,054,582 24,859,542 25,693,557 26,557,725 27453183 28,381,132 29,342,791 30,339,444 22 32,443,108 33,552,936 34,703,400 35,896,089 37,132,495
Fixed OBM (2,500,000) (L,560,600) | (1,581,861 <8 (1,656,101) {1,723,029) 11,757,489) (1,865,061) (1,502,363) (1,820,410) (2,018,802) (2,050,75) (2,100,362) B (2,185,217)
Variable O&M (23,350) ,204) (25,79%) 370) (28476) (25,0%5) (20,526) (20,219) 4
Charging Costs (4,053,686) (4,384,467) 31,909) (6,000,446) {6,290,466) {6,450,082) (6,749,586
HousekeepingPower 0 [ 0 [ o 0 o 0
Fuel Costs 0 0 [ a o [ 0 [ 0
Non-Fuel Start-Up Costs o 0 0 0 0
Property Tax 5 (974,600) (974,600 (974,600) (974,600) (974,600) (974,500) (974,600) (974,600)
Total Operating Costs [ ) (7,151,048 (7.365772) | (7588442) . (78 (9,106,170) (9,694,914) (10,004,319 (11,003,849 (11,724,352)
Operating_Profit 13,226,733 13685644 14,160,729 14,652,591 15161856 | 15689175 16,235,225 18,621,174 19,271,962 19,946,120 20,644,530 21,368,108 22,117,806 22,894,611 23,699,551 25,398,142
Interest Expense (858836 | (2,782,609) (2,705,676 © (2 (2526,289) | (2427,002) | (2,324,727) 11,575,361 (L o) (1,706,757 (1,555,334) (1,202,800) (1,236,592) (3,060,113) (©72,727) (673,761) (258,151)
Loan Repayment Expense
(Principal) (1,233409) (1,308,533) (1,350,569) | (1,476,506) (L567,754) & (1,664,661) | (1,767,516) (2,115,882) (2,246,634) (2,385 486) (2532,000) (2,685,443) (2,855,651) (3,082,130) (3,210,515 (3,418481) (3,620,744) (3,834,062)
DebtServiceReserve

i 0 o o o 0 o 0 o 0 o 0 0 [ 0 o [ o o o 3918904
Interest earned on DSRF 121,094 121,094 121,094 121,094 121,094 121,094 121,094 121,008 121,004 121,094 121,004 121,004 121,094 121,094 121,094 121,09 121,094 121,094 121,094 121,094
Interestearnedon Battery
Replacement Fund 0 o o
Net Finance Costs (3,571,349) 1,140} (3,571,349
State Tax Refund (Paid) 192,000 943583 386,174 1, (2,138,598)
Federal Tax Refund (Paid) 692,981 3,405,650 1,249,436 (1,748,305) (6,461,798) {6,757,304) (7,718,791)
TaxCredit-Federal TC o a o a a [ [ [ [
Taxes Refunded (Paid) 884,981 3,349,233 1,585,610 (1,974,747) (2,232,607 7 {3,382,120) (6,078,116) (6,575434) (7,885,576) (8,252,129) (8,625,505) (9,023,378) (9,857,389)
Equity tnvestment
(InvestedBeforeProject} (51,365,411) 0 o o 0 o o o 0 o 0 o o 0 o 0 o o o o
‘After-Tax Equity Cash Flow 10140566 14,063,728 | 11,785190 . 10,236,574 5,215,960 9,485,330 5,770,579 8447429 7,137,084 7,446,317 7,765,300 8,004,354 8,433,750 8,783,805 5,144,831 9,517,149 5,901,085 10,296,973 10,705,154 15,044,878
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Run 17: Base Case with Pumped Hydro

Note: The project life for the pumped hydro case is 100 years, the pro forma below only shows the first 20 years due to space

limitation.

Table A-22
Run 17

Met Present Value Over Project Life

.

Capital Expenditure [Equity)

204,906,685

Other Metrics

Financing Costs [Debt)

107,358,864

Breakeven Capital Costs

2020 Nominal

2013 Regl*™*

Operating Costs

366,164,965

2,048

1,783

S/kwh**

Taxes {Refund or Paid)}

117,840,376

0
0 Slkw*
0
0

Electricity Sales

473,132,693

System Electric Supply Capacity

466,593,036

HNon-synchronous Reserve [Non-spin}

7,963,642

Synchronous Reserve (Spin)

23,421,159

Frequency ﬂegumtmn

o
0
0
0
O

88,020,268

Total

789,185,751

Benefit-to-Cost Batio

Breakeven Residual Capacity Value

256

223

132

Capacity Factor

1,041,742,338

2020

2021

2022

2023

2024 2025 2026 2027 20: 2029 2030 2031 2032 2033 2034 2085 2036 2037 2038 2039
Electricitysales 35,377,388 | 36,792,484 38,264,183 39,794,751 41,385,541 43,042,002 44,763,582 46,554,230 48,416,399 50,353,055 52,367,177 54,461,864 56,640,339 58,905,952 61,262,190 63,712,678 66,261,185 68,911,633 71,668,098 74,534,822
BenefitRevenues 53279561 . 54,511,808 55,775,366 57,071,128 58400016 59,762,979 61,161,001 62,595,003 64,066,303 65,575,708 67,124425 68,713,605 70,244,436 72,018,145 73,736,002 75,499,316 77,309,439 79,167,771 81,075,755 83,034,883
Operating Revenue 83,656,950 | 91,304,292 94,039,550 96,865,879 00786556 | 102,804,982 | 105924683 | 109149223 | 112482702 115928763 . 119491,603 | 123175469 126,984,774 130,924,098 124,998,192 139,211,994 143,570,623 148079403 152,743853 | 157,569,705
Total Revenue 83,656,950 | 91,304,292 94,039,550 96,865,879 99,786,556 | 102804982 | 105924683 | 109,149,323 | 112482702 . 115928763 119491603 | 123175469 126,984,774 130,924,098 134,998,192 139,211,994 143,570,624 148079403 | 152,743853 | 157,569,705
Fixed O&M (2,250,000) © (2,295,000) (2,340,500) (2,387,718 (2,435,472) S (2,584,593) 12,636,23%) (2,688,958) (2,742,737 (2,757,592) (2853 (2,910,615 12,068,827) (3,028,209) (3,150,543) %) (3,277,825)
Variable O&M (726,329) (730,653) 5,2 {760,174) (806,702 (835,203) (856,079) 873,201) ) (926,647) (94 3 32 (1023,002)
Charging Costs 1) (23,001350) | (4015004) | (28975604) | (25974620) (20,247,90%) (BL602,107) - (32,866,102) | (34,180839) 6) (39,986,747) (45,778,339
Housekeeping? ower a 0 a 0 o [ 0 0
Fuel Costs o a o o o o o 0
Non-Fuel Start-Up Costs 0 [ [ 0 0 0

Property Tax (4,364,550) 4,364,550) 4264,550) 2,550)

Total Operating Costs (26,520,054} [ A1) 27,728} (36,573,720} | (38,210,262) $20558) | (42,216,182 63,636,831 {50,002 619)

Operating Profit 59,136,896 62,588,440 64,392,738 66,251,732 68,167,259 70,141,225 72,175,604 74,272,440 76,433,855 78,662,045 80,959,287 83,327,943 85,770459 90,887,312 93,567,005 96,331,279 99183063 | 102,125398
Interest Expense (12,662,233) - (12661,282) | (12,650210)  (12,657010) | (i2654674) (12552104) |  (12,040,560) | (12B46764)  (10,043794) (12,640,642) |  (12,637,094) |  (12,633,740) 112,625,966) 112,625,958) (12,617,185) (12,612,388) (12,607,295) 1 (12501886) | (12506,144)
Loan Repayment Expense

(Principal} (31,576) (38,527) (35,509) (37,799) (40,135) (42,616) (45,249) (48, (53,015) (54,167) (57,513) (62,065) (64,84 (68,851) (73,105) (77,624) (82,421) (87,515 (92,523) (08,665)
DebtServiceReserve

Withdrawal o 0 o o [ o 0 [ o o [ [ o o 0 o a o 0 o
interest earned on DSRF 380,483 380,483 380,483 380483 380483 380,483 380483 380,483 380483 380483 380,483 380,483 380,483 380,483 380,483 380483 380483 380,483 380483 380,483
Interestearnedon Battery

Replacement Fund 0 o 0 0 0 0 [ o o o

Net Finance Costs

) (123143260 (12,314,326) 6) [ ) (12, &8 6)
State Tax Refund (Paid) 2885894 | 6,952,106 2,299,309 0) 2 ) 4) (6,073,6 17,150,023)
Federal Tax Refund {Paid) 10415986 25,092,070 8,208,842 (2,017,803) (10,528 826) ) (23,187054) | (21,523,346) (23458,887) (25,950,777) 0
TaxCredit-FederalTC 0 o 0 0 o o o o [ 0 o [ 0
Taxes Refunded (Paid} 13,301,880 | 32,044,176 10,598,151 (2,576,863) (13,445,5¢6) (26410553) © (25,266,240) (27,057477) | (27,584,950) (28,961,530 (20,558,400 (30,986,580) (33,140,800) (34,260,206) (36,634,622)
Equity Investment
(investedBeforeProject} | {208,405,486) o o o o o o o o 0 o o 0 o o o 0 0 o o
‘After-Tax Equity Cash Flow 60,124,450 - 80,566,914 60,872,266 49,501,549 50,602,125 32,406,937 34,206314 35,450,625 36,691,875 37971315 39,290,282 40,650,002 2,051,988 43,497,643 34,988,466 46,526,009 48,111,879 49,747,736 51,435,339 53,176,450
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Run 18: Base Case with CAES

Table A-23
Run 18

Net Present Value Over Project Life Other Metrics

Breakeven Capital Costs

Capital Expenditure (Eguity) 87,165,343 0 2020 Nominal 2013 Real™**
Financing Costs {Debt) 50,635,583 o S/kw* 2,128 1,853
Operating Costs 189 881,327 0 Slowh®e 266 232
Taxes {Refund or Paid) 50,849,603 0

Electricity Sales o] 141,321,588 1.27
System Electric Supply Capatity 0 161,629,211

Nor-synchronous Reserve [Mon-spinj 0 20,595,117

Synchronous Reserve {Spin ] 2,694,383

Freguency ﬁegu%aﬁam 0 153,391,439

Total 378,531,857 479,631,739

255
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Run 19: Regulation Only

Table A-24
Run19

Capital Expenditure (Eguity)

Net Present Value Over Project Life

8,683,116

Benefit

Financing Costs {Debt)

35,460,367

Cperating Costs

85994322

Taxes {Refund or Paid}

9,207,973

Electricity Sales {

0

4,233,087

Freguency Regulation

o

40,933,938

Tota

32,345,778

Other Metrics
Breakeven (a
2020 Nominal

ital Costs
2013 Beagl®**

Slew*

S/kwh**

it-to-Cost Ratio

1928
7710

1678

Breakeven Residual Capacity Value

Capacity Factor

S0

6712

1.40

6.00%

2020 2021 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039

Electricitysales 421,475 438334 474,103 493,067 512,789 533,301 554,633 576,818 599,891 623,887 648,842 674,796 701,788 729,859 759,053 789,416 220,992 853,832 887,985
BenefitRevenues 4,075,666 4,238,692 4584570 4,767,952 4,958,671 5,157,017 5,363,298 5,577,830 5800942 6,032,981 6,274,300 6525272 6,786,283 7,057,734 7,390,044 7,633,646 7,938,991 8,256,551 8586813
Operating Revenue 4,497,141 14,677,027 5,058,672 5,261,019 5,471,460 5,690,318 5,917,931 6,154,648 6,400,834 6,656,867 6,923,142 7,200068 7488071 7,787,552 8,099,097 3,423,061 8,759,983 9,110,283 9,474,798
Total Revenue 4,497,141 5,058,672 5,690,318 5,917,931 6,154,648 6,400,834 6,656,867 6,923,142 7488071 7,787,593 8,099,097 8,423,061 8,759,083 9,110,283 9,474,798
Fixed O&M (300,000) (318,362) (327,840) 351,4 (265,68) (273,012) (385,082 (305,843) 1403,761) (520,072 1628,474)
Variable O&M ) (3539) 3,830) (3,507) (5,053) (4,126 3,229)
Charging Costs ) (633,591) 738,872) (768,427} i) (864,376) (858,953)
HousekeepingPower o o o 0
Fuel Costs [ 0 0 o 0 0
Non-Fuef Start-Up Costs [ 0
Property Tax (@73, (171,160 0) 1
Total Operating Costs (973,458) (999,487) (1,054,339) ) 8,100)
Operating_Profit 3,523,683 3,677,540 4,004,333 4,177,787 4,546,180 5,156,937 5,377,307 5,845,286 6,620,997 5,900,843 7,192,046 7810372
Interest Expense (526,617) 986} (473,858 1436,362) 370572) (345,428) (168,815) (126,468) (85 (44,708)
Loan Repayment Expense
(Principal) (221517) (277,247) (294,273) @331,771) (397,161) (421,706) 11,665) 681,220} (723,425)
DebtServiceReserve
Withdrawal o 0 0 [ [ o o 0 0 o o o 0 o 0 0 [ [ [ 688,241
Interest earned on DSRF 21,267 21267 21,267 21,267 21,267 21,267 21,267 21,267 21,267 21,267 21,67 21,267 21,267 21,267 21,267 21,267 21,267 21,267 21,267 21,267
Interestearnedon Battery

Fund 39,018 41,466 44,069 46834 0 0 [
Net Finance Costs ) {707,849) {705,400} {700,758) (700,022} {746,865) {746,866} {746,266) 26}
State Tax Refund (Paid) (72,525) { (227,844) 0 (326,833) {429,000) (426,610) {517,280) (542,384) (562,586) [ 1688,365)
Federal Tax Refund (Paid) (261,764) (738,058) {822,350) B88366) . (1,179,629) {1,548,738) {1,611,538) {1,867,008) (1950,318) {2,055,791) (2,261,129 198)
TaxCredit-Federal TC o o o o 0 o 0 [ o o o o 0
Taxes Refunded (Paid) (384,289) 243430 (o6B,088) (1,050, {1,134,503) {1508,462) (1,577,838) (2,058,547) {2,162,609) (2,384,288) {2,502,302) (2,625,377) (2,753,735) {2,887,606) 31 (3,172,863)
Equity investment
{tnvestedBeforeProject) (5,575,058 o o o 0 0 0 o 0 0 0 o 0 o o o o o o o
After-Tax Equity Cash Fiow 2478141 3210817 2856378 2,632,218 2,503,055 2,602,713 2,707,560 2,532,441 2,362,180 2,479,067 2,571,893 2,697,161 2,827,295 2,962,479 3,102,900 3,248,753 3,400,242 3,557,574 3,720,966 4,578,883
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Run 20: Base Case with 2015 Start Year

Table A-25
Run 20

MNet Present Value Over Project Life

LCost

Capital Expenditure {Equity)

42,663,482

Financing Costs {Debt)

23,603,908

Operating Costs

48,309,416

Taxes {Refund or Paid)

16,632,475

Electricity Sales

35,400,633

System Electric Supply Capacity

27,918,702

Non-synchronous Reserve {Non-spin}

7,821

Synchronous Reserve {Spin)

8,126,725

Freqguency aeguiaﬂom

o
0
O
o
G

55,898,185

Total

131,209,281

Other Metrics

Breakeven Capital Costs

2015 Mominal

2013 Regl***

S/

1,570

1,508]

S/kwh**

Benefi

t-to-

Cost Ratio

Capacity Factor

141,352,067

Breakeven Residual Capacity Value

783

755

1.08

562

21.40%

2020 2021 2022 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2085 2036 2037 2038 2039
Electricitysales 3,524,732 3,665,721 3,812,350 4,123437 4,288375 4,459,910 4,638,306 4,823,839 5,016,792 5,217,464 5,426,162 5,643,200 5868937 6,103,695 6,347,842 6,601,756 6,865,826 7,140,459 7426078
BenefitRevenues 9,513,102 10152300 . 10865796 13140504 ¢ 13585079 14045817 14523331 15018259 15,531,064 16,063,035 17,185,764 17,778,238 18,392,512 19,029,420 19,689,828 20,374,637 21,084,783 21,821,238
Operating Revenue 13,037,834 13818021 14,678,145 17,263,941 17873454 18,505,727 19,161,637 19,842,098 20,548,057 21,280499 22828973 23,647,176 24,496,207 25,377,062 26,291,584 27,240464 28,005,243 29,247,316
Total Revenue 13,037,834 13818021 14,678,145 17,263,941 17873454 18,505,727 15,161,637 19,842,098 20,548,057 21,280,499 22828973 23,647,176 24,496,207 26,291,584 27,240,464 28,225,203 29,247,316
Fixed OZM {750,000} {765,000) (780, (828,061) (864,622 (863,514) (896,319) [ (951 (570,205) {985,605) {1,025,589) (3,050,382 (1,071,185) (3,062,508)
Variable O&M (28,161) 24) ) ) (35,429) (37,158) (38,659) (39,45 ) ,023)
Charging Casts (3,620,282) 2 0 (6,028,026) 6,269,357) {6,780,721) {7,051 94 ) {7,627,389)
Housekeepingower o 0 0 0 [ 0 0
Fuel Costs 0 0 0 0 0 0 0 [ [ 0
Non-Fuel Start-Up Gasts 0 o a a o 0 [ 0
Propenty Tax (663,300) (663,300) (663,300) (663,300 62,300) {663,300) (653,300) {663,300) (663,300)
Total Operating Costs (5,061,743} (5,561,416} (6525,646) (6,745,065 (7,204,104) (7,446,385) (7,697,970} (8,512,269) (8,804,863 (9,108,732) (9,424,322
Operating Profit 7,976,090 8,595,903 9,289,549 10,069,169 12,840431 13312452 13,801,992 14,309,723 14,836,346 15,382,588 15,949,205 17,146,736 17,779315 18,435,601 19,116,510 19,822,994
Interest Expense (2,636,602) | (2,566,304 (24510600 1 (3,412,403) (2,228,248) (2,043,273) (1,822,729) (1,702,132) L, (1,438,119 (1,293,753) (677,705) (804,386) (621,387) 1425,547) (226,566)
Loan Repayment Expense
(Principal) (1,137,530) | (1,207,829) (1,282,478) (1,361,730) {1,445,885) {1,730,860) (1,837,827) (3,951,404) (2,072,001) (2,200051) (2,236,014) (2,480,350) (2,633,667) (2,796,428) (2,959,247) (3,152,746) (3,247,586) (3,554,67)
DebtServiceReserve

i o [ o 0 0 o o 0 o o [ 0 [ [ [ 0 0 [ 0 267,155
Interest earned on DSRF 2,415 2415 2,415 2415 415 82,415 82,415 415 82415 82,415 82,415 82415 2,415 2415 415 82,415 82,415 82415 82415 2415
Interestearnedon Battery
Replacement Fund 724277 804469 829,327 854,953 881,371 908,606 0 o o o o o o 0
Net Finance Costs (2887,249)  (2,862,290) | (2,836,763) (2,783,112) 2,601, 718) (3,692.,718) (3,651,718) (3,681,718} (3,651,718) (1,024,563)
State Tax Refund (Paid) (512,176) [ i) e (5,179,670) (2,302,827) (1,507,825 1,659,478) (1,740,220)
Federal Tax Refund (Paid) [ ) (1,848,584) (3,945,868) 14,048,873) ,257,758) (4,702,264) (5,442,157) (5,710,099) (5,088,515) (5,280,932)
TaxCredit-Federal TC 0 o 0 o [ [ 0 0 a 0 o
Taxes Refunded (Paid) 1,185,383 @BonseE) - (1,913,804) (2,360,755) (3,695,299) (5,035,126) (5,295,312) (5,170,670) (5,437,423) (5,715,304) (6,005,001) (6,307,046) (6,623,814) (6,945,982) (7,262,161) (7,6%8,599) (8,022,153)
Equity Investment
{investedBeforeProject) (47,556,583 o 0 o o o 0 a o o o o o 0 [ a 0 o o o
‘After-Tax Equity Cash Flow 6,008,241 8,866,025 7,540,180 6,755,210 6,722,003 6,948,704 7,187,755 6,333,785 5,450,214 5,750,644 5,447,335 5,707,205 5,975,476 6,252,396 6,538,219 6,833,204 7,137,616 7,451,722 7,775,799 10,777,278
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Run 21: Base Case with 2015 Start Year 2X Regulation Price

Table A-26
Run 21

Other Metrics
Hreakeven Capital Costs
2015 Mominal 2013 Regl*s*

Net Present Value Over Project Life

-

Capital Expenditure {Equity)

Financing Costs {Debt)

Uperating Costs

Taxes {Refund or Paid)

Electricity Sales 0

System Electric Supply Capacity g

Mon-synichronous Reserve {Mon-spin} 0
0
O

42,663,482
23,603,908
61,576,972
45,240,253

S/kw*
$/kwh**

3,060
1,530

40,780,665 Benefit-to-Cost Ratio
27,417,351

15,166
5,727,238
150,888,230

224,829,650

Synchronous Reserve [Spin)
Freguency ﬂegu%a“zmn
Total

Capacity Factor
173,084,615 pacity

2020 2021 2022 2023 2024 2025 2026 2027 2030 2031 2032 2033 2034 2085 2036 2037 2038 2039
Electricinales 4,060,405 4220821 4,391,734 4,567,403 4,750,099 4,940,103 5,137,707 5,343,216 57 6,010,391 6,250,806 6,500,839 6,760,872 7,031,307 7,312,559 062 7,909,264 8,225,635 8,554,660
BenefitRevenues 17,307,763 18,254,083 19286110 | 20416288 | 2220048 | 2300256 23872344 . 24744411 26,589,521 27565206 ¢ 28578160 29,629,839 30,721,757 31,855,486 33,092,661 34254982 35,524,217 36,842,201 38210846
Operating Revenue 21368168 22476904 23,677,844 24,983,691 26,973,047 27,572359 29,010,051 30,087,627 32,368,743 33575596 34,828,966 36,120,678 37,482,629 38,886,793 40,345,220 31,860,044 43,433,481 45,067,836 46,765,506
Total Revenue 21,368,168 22476904 23,677,844 24,983,691 26,973,047 27972359 30,087,627 32,368,743 33575596 34,828,966 36,130,678 37,482,629 38,836,793 41,860,044 33,433,481 45,067,836,

Fixed OZM (780,300) (795,906) (811,824) (970,205) 2 (1,025,589)

Variable O%M @ 3 (37,986) (45,396) (47,230) “8,175)

Charging Costs 3) (5,773,530) (8,217,534) (8,888,083) (9,243,608)

HousekeepingPower 0 0 0 0 0 o 0

Fuel Casts 0 o 0 [ o 0 o

Non-Fuel Start-Up Costs 0 0 0 o 0 0

Property Tax (©63,300) (663,300) (663,300) (& (663,300) (663,300) (663,300)

Total Operating Costs 3 i) (6,518,064} 047,918} (7,286,640} (B059,561) (8525, (8,525,682) (9,237.026) (9560,463) (9,896,435 (10,608,016} (10,084,67 (1,782,403 | (12 1)
Operating_Profit 14,984,537 15,880,161 16850780 | 17,935,773 19,686,407 21,217,359 22,028065 22,869274 23,742,801 24,643,915 25,591,930 26,570215 27,586,194 29,737,204 30875372 33,285,344 34,560,672
Interest Expense (2,636,003) | (2,566,350 (240L,660) | (2,412,408) (2,328248) | (2,238,803) (2,043.273) (1,535,306) (1,822,729) (1,702,132) (3,574082) (3,438,315) (1,253,753) 977,705) (804,386) (621,387) (426,547) (215,666)
Loan Repayment Expense

(Principal) (1,137,530) | (1,207,829) (1,282,473) (1,363,730) (1,445,885) & (1,535,040) {1,730,860) (1,837,827) (1,951,404) (2072,001) {2,200051) (2,480,380) (2/633,667) (2,796,428) (2,969,247) 746) (3,347,586) (3,554,467)
DebtServiceReserve

Withdrawal o o 0 [ o o 0 0 o o [ 0 0 0 0 o o 0 0 2,667,155
Interest earned on DSRF 2415 415 8,415 415 2415 82,415 82,415 2415 82415 82415 2,415 82,415 8,415 2415 82,415 82415 2,415 82,415 82,415 82415
Interestearnedon Battery

Replacement Fund 712,267 734277 756,96 829,327 854953 881,371 908,606 936,682 [ 0 a 0 o o [ o

Net Finance Costs (2,079,450) ¢ (3,957,441) ) ¢ (5,836,763) (2,783,112) 6 ) (3,651,718) (3,651,718) (3,651,718 (3,691,718) (2,691,718} (3/691,718)

State Tax Refund (Paid) 0,076) 56,304 (3,202,085 (1,538,081 5 (2,130463) (2,228,063) (2,333,537 12,438,263) (2,785,235)

Federal Tax Refund (Paid) 3985 203,216 (1,487,148 {4,666,738) 5,825,780) {6,995,068) {7,318,571) 15 {7,689,430) (8,044,542 {8,415,161) {8,200,726) {10,056,305)

TaxCredit-Federal TC [} 0 [ [ o 0 o o o [ [ [ [

Taxes Refunded (Paid) 1) 259520 (1,699,183) 1 (3,607,924) (5,240,039 (5,959,723) (7,439,893) (8,033,148) {9,346,794) (5,383,884 (5,815,893 (10,273,90%) (10,746,599) (12,235,088 (11,751,906 (12,286,101) (12,842 543)

Equity tnvestment

(InvestedBeforeProject} 5,.083) o o o o o o o 0 o o o o [ o 0 o o o o
‘After-Tax Equity Cash Flow 10161026 | 13182240 | 12005804 | 11416487 11,559,119 11,980,202 12421471 11,777,826 | 11,153013 11,680,971 11574312 12,080,319 12,604,593 13,147,777 13,710,538 14,293,560 14,897,553 15,523,208 16,171,400 19,500,942
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Run 22: Base Case for Distributed Storage Use Case 2015 Start Year

Table A-27
Run 22

Met Present Value Over Project Life

@ et em

Capital Expenditure {Equity]

1,491,428

Other Metrics

2015 Nominal

Financing Costs {Debt)}

803,588

Breakeven Capital Costs
2013 Real®**

3604

Operating Costs

1,233,720

3464

901

Taxes {Refund or Paid)

1,004,847

O
0
0
g

Distribution Investment Deferral

1,714,098

Benefit-to-Cost Ratio

Electricity Sales

973,526

System Electric Supply Capacity

1,045,541

Breakeven Residual Capacity Value

Non-synchronous Reserve {Non-spin}

46

Synchronous Reserve {Spin)

64,602 Capacity Factor

Frequency Regulation

S Io oo oo

1,620,494

Total

4,523,583

5,418,707

266

1.20

- = @

2020 2021 2022 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Electricityales 96,948 95,962 103,960 108,119 110,639 118,626 123371 128,306 133438 138,776 144,327 150,100 156,104 162,348 168,832 175,596 182,620 189,924 197,521 205422
BenefitRevenues 699,651 718565 740,580 765,884 816478 360,690 3719% 383,691 395,791 408,310 421,264 434,668 448,539 462,895 477,753 493133 509,053 525,533 542,5% 560,261
Operating Revenue 796,598 818526 844,540 874003 927,118 479,316 495367 511,998 529,230 547,086 565,591 584,768 604,643 625,243 646,595 668,728 691,672 715458 740,117 765,684
Total Reverue 796,598 818526 844,540 874003 97118 479,316 495,367 511,998 529,230 547,086 565,591 584,768 604,643 625,243 646,595 668,728 691,672 715,458 740,117 765,684
Fixed O&M (15,000) (15,300) (15,606) (15,518) (16,236) (16,561) (16,892) (17,230) (17,575) (17,526) (18,265) (18,651 (15,004) (15,409) (36,752) (20,188) (20,592) (21,004} (22,429) (21852)
Variable O&M (728) (74 (764) 779) (786) 7) (8349) (851) (868) (885) (03} (921) 9) (o58) ©77) (997) (1,016) (1,037) (1,058) (1,079)
Charging Costs (91,168) (67,983) (201,902) (104,763) 22 (115,884) (120,535) (125,340) (130,353} (135,568) {140,900} (146,630) (152,455) (158,505) (164,939) (173,536) (178,208) (185,534) (192,955)
HousekeepingPower 0 o o 0 o 0 0 o o o o o o o o [ 0 o [
Fuel Costs 0 o 0 0 [ o [ 0 o [ 0 0 0 9 0 o [ 0 0 o
Non-Fuel Start-Up Costs o [ o 0 a o o o o o o a 0 o [
Property Tax (22,000) (22,000) (22,000) (22,000) (22,000) (22,000) (22,000) (22,000) (22,000} {22,000) (22,000) (22,000) (22,000) (22,000) (22,000)
Total Operating Costs (128,906) (132,268) {140,586) (143,786} {150,205) {155,510} {160,600} {165,782} (171,165) {176,753} (182,561 {188,500) (194,857) (201,264) (208,123) (215,144) (250,015) {237,886)
Operating Profit 667,693 686,264 733,404 783,331 3228511 329,757 351,308 363,443 375,922 383,836 402,206 416,051 430,386 44531 460,605 476,528 293,020 510,102 527,798
Interest Expense (92,170) 89,713) (84,325) (61,351 (78,267) (74,950} (73,425) (67,685) (63,715) (55,509) (55,027 (50,274) 145,227) (3,868) (24,175) (28,137) (22,722) (24,513) (7,679)
Loan Repayment Expense

(Principal} (29,766) (42,223) (44,833) (47,603) (50,545) (53,669) (56,986) (60,507) (64,247) (68,217) (72433) (76,809) (81,662) (86,709) (92,058) (97,757) (103,799) (147,025) (122,257)
DebtServiceReserve

Withdrawal 0 0 0 0 o 0 o 0 o o 0 o 0 0 0 0 0 o 0 83463
Interest earned on DSRF 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 5,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734
Interestearnedon Battery

Replacement Fund 28401 30,279 31214 2179 34,108 35,255 37,467 0 0 0 o 0 o 0 0

Net Finance Costs {100,712} {08,524) {67,388) (67,024) (95,004) {93 {1,735) ) 7 {125,202) (125,202) (125,202) (125,202)

State Tax Refund (Paid) (28,372) (26,500) 38,297) (49,350) 110,885) (20, E (34,290) (36,076} (37,938) (39,875) B

Federal Tax Refund (Paid) (102,201) {97,085) (138,323) (178,116) (39,288) (72,387) (123,761) {150,207) (136,928) (143,536) 158,86%)
TaxCredit-Federal TC 0 o [ o 0 0 o o 0 o o 0

Taxes Refunded (Paid} (120,773) (123,985) (176,520) (207,4355) (50,174) (93,230) (143,550) (135,304) (142,576) (150,153) (158,051) (166,283) (174,866) (183,815) (183,149) (202,884)

Equity thvestment

{investedBeforeProject} (2,662,454 o o o o o o o o o o o 0 o o o o o o o
‘After-Tax Equity Cash Flow 436,208 529,854 485275 458,8% 458842 188577 194579 164,241 134,157 140,596 124,330 130,428 136,695 143133 149,746 156,537 163,510 170,669 178,016 274017
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Run 22 No Reg: Re-Run Run 22 with No Regulation

Net Present Value Over Project Life

- e esl

Capital Expenditure {Equity}

1,491,428

Operating Costs

203,588

Financing Costs {Debt)

813,526

Taxes {Refund or Paid)

T17,723

Non-synchronous Reserve {Non-spin}

1,714,098

Synchronous Reserve {Spin)

BOR, 787

Electricity Sales

1,048,757

System Electric Supply Capacity

271

Distribution Investment Deferral

730,931

Total

4,303,845

Table A-28
Run 22 No Reg

2015 Nominal

S/kw* 2856

714

S/kwWh**

Benefit-to-Cost Ratio

Capacity Factor

2020 2021 2022 2023 2024 2025 2026 2027 2028 2030 2038 2039

ElectricitySafes 80,517 823,082 29818 91,880 98,564 102506 106,606 110,871 119,918 164,116 170680
BenefitRevenues 605,007 620400 659,815 707230 245379 252,061 258,947 266,044 280,003 350,371 360332
Operating Revenue 685,524 703442 749633 799110 343,983 354567 365,553 376,915 400821 514,486 531,012
Total Revenue 685,524 703442 743,633 799110 343,943 3545567 365,553 376,915 400,821 514,486 531012
fixed O&M (35,000) (15,300) (15,938) (16,236) (16,561) (16,802) (17,230) (18285 21.424) (21,852)
Variable O&M (543) ; 576) 582 (605 637 (629) (667) 782 (798)
Charging Costs (50,478 (52,296) (56,455) (58217) 3 (64,478 66,725 (75,079) (202,753) 106,863)

i 0 a 9 a o 9 9 a o
Fuet Costs [ [ [ [ [ o ] a Q 0
Non-Fuel Start-Up Costs a a a a 0
Property Tax (22,000) (22,000) 000) (22,000) (22,000) 0)
Total Operating Costs. 88,0361 00,050) & 303,631} 130,346} 138,343} 146, 5
Operating Profit 597,508 613392 632,444 258,049 267,284 284,789 323,433 367,530 379501
Interest Expense (92,170) (72,950 (71/429) (67,689) (62,719) (50503) (39,868) (7,678)
Loan Expense 59,766) {56,986) 60,507) {64,247} 72433 {£2,068) 57)
DebtServiceReserve o 9 [ [ a o
interest earned on DSRF 2,734 2,734 2,734 2,724 2,734
interestearnedon Battery 28491 34,198
Net Finance Costs {100,712) (05,008)
State Tax Refund (Paid} )
Federal Tax Refund (Paid) {80,008) 741 ( 9
TaxCredit-Federal TC o 0 o
Taxes Refunded (Paid} {102,276) {26,886 {92,126) {194,307) ©,089) {13,960) 35,540) {92.908) {98,478) ) (116555) {144,762 {152,616)
{investedBeforeProject} 1 662,404) o] el o] o o o o o o a a a o
After-Tax Equity Cash Flow 394,621 486575 240394 412251 410,753 137,949 141916 109,461 62,678 66,300 69,990 73,749 77575 93,536 186,145

A-29

SB GT&S 0161731



Run 22b: Base Case for Distributed Storage Use Case 2015 Start Year, Two-Hour Duration

Table A-29
Run 22b

Net Present Value Over Project Life her Metrics
- m | el Breakeven Capital Costs
Capital Expenditure {Equity) 797,925 2015 Mominal 2013 Regl™**
Financing Costs (Debt] 435,913 slkw* 3140 018
Operating Costs 1,060,162 Sfkwh** 1570

Taxes (Refund or Paid) 574,040 - = =
Distribution investment Deferral 0 1,441,734 1.35
Electricity Sales 0 777,821 - =
System Electric Supply Capacity 0 523,676 $0
0
0
0

:

l

Non-synchronous Reserve {Non-spin) 128 _
Synchronous Reserve {Spin} 95,136 Capacity Factor
Freqguency Regulation 1,564,006
Total 3,268,041 4,402,502

2020 2021 2022 2024 2026 2027 2028 2029 2030 2031 2033 2034 2035 3 2037 2039
Electricitysales 77,382 79,991 83,191 88,705 98,490 102,429 106,527 110,788 115,219 119,828 129,606 134,790 140,182 145,789 151,621 163,993

BenefitRevenues 665,901 678330 692,718 267492 289,308 299,286 309,631 320,358 331,480 367377 380,240 393582 407,420 21,773 452106

Operating Reverue 743,283 758321 775,508 356,196 387,798 401,716 416,158 431,145 446699 496983 515,031 533,764 553,209 573393 616,098

Total Reverue 743,283 758321 775,908 356,196 387,798 401,716 416,158 431,145 446699 296983 515,031 533,764 553,09 573,393 616,098

Fixed OBM {25,000) 115,300) (25,600) (16,226) 126,892) 1L7,20) (L7,575) (17,526) (18,285) (15,204) (15,752) (20,188) 120,552) (21,004} (22,852)
Variable O&M ©37) (660) (580) (720) 3 o) (764) (779) 827 {850) (©78) ©21)
Charging Costs (82,500) 402} (88,821) (94,825) (104,861) (113,526) (118,067) (122,755) 138,121) (149,392) (155,368) (174,768)
HousekeepingPower a o a o o o o o o [
Fuel Casts 0 0 0 0 0 o 0 0 [ 0 0 0 0
Non-Fuel Start-Up Costs 0 0 0 0 0 0

Property Tax ) (12,100) (12,100) ) (12,100) &S (12,100)

Total Operating Casts (110,236} (117,187) {134,675) {143,850} ) (150,247) (176,38) (182,54 (195581)

Operating Profit 633,047 658,722 222,255 253,125 272,208 282,288 292,746 303,595 326,530 338,648 351,223 377,812 391,864 206447

Interest Expense (49,312) 1#6,601) (43,55) (#0,095) (38,215) 3 (34,090) 35) (25,440) (26,857) (24,157) (2,330) (18,286) 113,622) (7,578) (%,108)
Loan Repayment Expense

(Principal) (21,275) (22,59%) (23,966) (25,468) (27,042) (28,713) (30,488) (32,372) (36,497) (43,590) (46,30) (42,257) (52,303) (55,533) (58,955) (62,609) (65,478)
DebtServiceReserve

Withdrawal 0 o 0 o o o o o o o o o o o o o o o o 48655

Interest earned on DSRF 1,503 1502 1,503 1502 1502 1,503 1,503 1,503 1,503 1,503 1,503 1,502 1,503 1502 1,503 1,503 1,503 1502 1,503 1503

Interestearnedon Battery

Replacement Fund 16089 16,587 18734 0 o o o o o
Net Finance Costs (52,304) (52,457) (50,350) 2) (65,083) {65,083) (63,083) {59,082) [C (20,428)
State Tax Refund (Paid) 110,802 11,792) 123,730) 23,167) (25,268) (25,588) (26,859) (29,565) (34,0 (25,700)
Federal Tax Refund (Paid) (38,086) (42,562) {62,00) (85,647) (83,73%) (87,852 (02,354) (6,242) {106,707) (122,82 (128,850)
TaxCredit-FederalTC o o o o [ 0 o [ o o o
Taxes Refunded (Paid) {180,217) {120,032) {49,788) {54,354) {79,i89) (108,377) {106,523) {122,320) {117,942) {123,803) {129,507) {126,271 {142,303) {148,820) {157,031 {164,550)
Equity tavestment

{tnvestedBeforeProject) 0 o o o o o o o o 0 o o 0 o o [ o o o
‘After-Tax Equity Cash Flow 397,992 250439 426973 413491 135,226 141,810 146,786 131,887 117,122 122,562 116,739 122,192 127,825 133,685 139,658, 145,868 152,283 158,908 165,750 221469
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Run 23: Distributed Storage Use Case 2X Regulation Price

Tabie A-30
Run 23

Net Present Value Over Project Life

.. s

Capital Expenditure {Equity)

1,491,428

Other Metrics
Breakeven Capital Losts
2015 Mominal 2013 Real***

Financing Costs {Debt)

803,588

S/kw* 5520

Operating Costs

1,580,637

S/kwh** 1380

Taxes {Refund or Paid)

1,733,230

Distribution Investment Deferral

Electricity Sales

System Electric Supply Capacity

MNon-synchronous Reserve [Non-spin)

Synchronous Reserve [Spin)

Freguency Regulation

iy 2 00 oy

Total

5,588,882

7,543,241

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2036 2037 2038 2039
Electricitysales 102,089 105,358 109,572 113955 116807 124,811 129,803 134,995 140,395 146,011 151,852 157,926 164,243 170812 177,645 192,341 199,826 207,819 216132
BenefitRevenues 932,909 963421 997,547 1054976 612,211 633598 655,779 678,783 702,642 727,391 753,062 779,692 807316 835,975 896,555 928,560 961,769 996,227
Operating Revenue 1,038,266 1,072992 1,111,501 1,171,783 737,022 763402 750,774 819,178 848,654 879,242 910,988 943,934 978,129 1,013,620 1,088,695 1,128,386 1,169,588 1,212,359
Total Revenue 1,038,266 1,072,992 1,111,501 1,171,783 737,022 763402 790,774 819,178 848,554 879,24 910,988 943,934 978129 1,013,620 1,128,386 1,169,588 1,212,359
Fixed OBM 115,300) (15,606) (26,236) 126,561) (27,526) 35, (15,782 122,004 D
Variable O&M (893} (©13) ) (976) (1,057} )
Charging Costs (128933) (134,090) ) (152,170) (178,018) (208,256) )
HousekeepingPower [ 0 [ 0 0
Fuel Costs o o o o o o o o
Non-Fuel Start-Up Costs o o o o o o
Property Tax (22,000) 22,000) (22,000} (22,000) (22,000) 2,000) ; (22,000)
Total Operating Costs (167,128) (182,508} {191,708} (198,145} (211,782) (235,001) (226,501) ) (250,804) (268,528) (278,065)
Operating Profit 871,138 989,275 545,314 565,256 607,396 629,653 652,741 676,693 727325 754,075 781,830 810,630
Interest Expense 192,570) 189,713) (61,361) (78,267) (74,550} (73/425) (67,689) 163,715) (55,502) (55,027 (50,274) (45,227) 139,868) (34,179) (28,157)
Loan Repayment Expense
(Principal) (35,766) 42,023) (44,838) (47,602) (30,545) (53,665) (56,986) (50,507) (64,247) (68,217) (72433) (81,567) (86,709) (92,058) (97,757) (103,799) (110,214) (117,025) (123,257)
DebtServiceReserve
Withdrawa [ 0 o 0 o 0 o [ 0 0 o 0 o 0 [ o o o 0 88463
Interest earned on DSRF 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,73 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734
Interestearnedon Battery

Fund 28,491 31214 33173 35,255 o o 0
Net Finance Costs {97,588 {26,025) {93,548) {129,202) {125,207 {40,740}
State Tax Refund (Paid) (55,958) (28,691 (72,622) {75,966) (75,451)
Federal Tax Refund (Paid) (201,969) (103,552 (184,667) (08,566) {228,500 {262,116) (274,184) {286,760)
TaxCredit-Federal TC o o [ [ 0 [ o [
Taxes Refunded (Paid} (203,333} (31,507) (202,30%) (257,627) (132,243) (188,776) (235,832) (246,976) (242 835) (256,420) (279,043) (334,735, (350,150) (365,210)
Equity thvestment
{investedBeforeProject} {2,662,404) o o o o 0 o o o o o o o o o o o o o o
‘After-Tax Equity Cash Flow 541,759 639,400 599,159 577282 580,872 317,082 328,19 303,217 278,706 290,942 280,704 293,073 305,861 319,081 332,708 346,876 361,479 376,573 392,174 496,759
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Run 24: Distributed Storage Use Case High Load Growth Rate

Table A-31
Run 24

. =

Capital Expenditure (Equity]

Met Present Value Over Project Life

1,491,428

Financing Costs {Debt)

803,588

Operating Costs

1,238,133

Taxes {Refund or Paid)

635,272

Distribution Investment Deferral

798,665

Electricity Sales

577,400

System Electric Supply Capacity

1,052,326

Mon-synchronous Reserve {Non-spind

70

Synchronous Reserve [Spin}

65,333

Freguency Regulation

£ 1010 0y

1,622,305

Total

4,158,421

4,516,099

Other Metrics

Breakeven Capital Costs

2015 Nominal

2013 Real*>*

Slew™

2640

2537

S/kwh**

660

634

Benefit-to-Cost Ratio

1.09

!

Breakeven Residual Capacity Value

Capacity Factor

28.20%

2020 2021 2022 2023 2024 2025 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Electricitysales 96,240 100,090 105,501 109,721 114,110 118674 128,258 133492 138,832 144,385 150,160 156,167 162414 168,910 175,666 182,693 190,001 197,601 205,505
BenefitRevenues 699,669 718982 272,789 298242 350,716 361,666 384,708 396,828 409,369 422,344 435,770 449,663 464,042 478,924 494,38 510,272 526,778 543,866 561,558
Operating Revenue 795,910 819072 378,290 407,962 264826 480,340 513,065 530,220 548,200 566,729 585,930 605,830 626456 647,834 669,994 692,965 716,779 741467 767062
Total Reverue 795,910 819,072 378,290 207,962 464826 280,340 513,065 530,220 548,200 566,729 585,930 605,830 626,456 647,834 669,994 692,965 716,779 767,062
Fixed O&M (15,000) 115,300) {15,606) (15,518) (16,226) (26,561) (17,230} (17,575) (17,526) (18,285) (18,65t) (19,024) (29,404 (19,752) (20,388) (20,592) (21,009)

Variable O&M (750) 771 (787) {808) 819) (82) (865) (836) (04} (222) (940) (978) (oc8) (1,018) (1,038) (1,059)

Charging Costs (84419) (©0,277) (103,248) (107,378) (111,673) (116,140) (120,756) (125,617) (130,642) (135,267) (141,302 (146,954) (158,946) (165,302) 171,913 (178,790) (185,944}
HousekeepingPower o o o o o o o o 0 o 0 o a o o

Fuel Costs [ o 0 0 [ [ [ [ 0 0 0 0 [ 0 0

Non-Fuel Start-Up Costs o o o o 0 o o 0 o o o o o

Property Tax (22,000} (22,000) (22,000) (22,000) (22,000) (22,000) (22,000) (22,000 (22,000) (22,000) (22,000) (22,000) (22,000)

Total Operating Costs (141,953) 1 ) {151,053) {155,867) {160,268) (166,061} (171,454) (177,056} (182,875 (182,318) (201,716) {208,485) (222,836) (228,214)
Operating Profit 667,387 266,000 318409 329,287 340,545 352,198 364,260 376,746 389,673 403,056 416,912 445,118 461,505 293,945 528,749
Interest Expense (92,170) (84,352) (83,361) (78,267) (74,850) (71/425) (67,685) (65,715) (59,508) (55,027 (50,274) (45,227} (9,868) (34,179) (28,137) (21,722) (7,679)
Loan Repayment Expense

(Principal) (30,766) (34,833) (47,602) (53,669) (56,926) (60,507) (64,247) (68,217) (76,509) (81,662) (86,709) (92,06%) (97,757) (103,795) (124,257)
DebtServiceReserve

Withdrawal 0 o 0 o o o [ o 0 0 0 0 0 o 0 o [ 0 o 88463
Interest earned on DSRF 2,734 2,734 2,734 2,73 2,734 2,734 2,734 2,734 2,73 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2,734 2734
Interestearnedon Battery

Replacement Fund 28451 30,279 31214 2179 33173 35,25¢ 36,344 0 0 0
Net Finance Costs {100,717} (©8,924) {97,388) {97,024) {96,025} (02,258) {125,202) ) {40,740)
State Tax Refund (Paid) (28,345) 14,432 3021 B.250) 1956%) 129,671) (31,007) (46,304}
Federal Tax Refund (Paid) {103,304) 52,088 10,904 (29,775) (34,625) (39,540) (107,052) (111,914) {150,157) {167,125)
TaxCredit-Federal TC 0 0 o [ [ o o 0 o o
Taxes Refunded (Paid) (20,648) (56,716) 66,520 13925 (38,028) (44,220) (50,495) (136,763 (142,800) (158,407) (166,634) (175,232 (184,187) (193526) (203,266) (213,429)
Equity thvestment

{investedBeforeProject) ,662,404) o o o o o o 0 o o o o o o 0 [ o o o o
‘After-Tax Equity Cash Flow 436,027 530,055 208,232 181,946 183,357 189,087 195,046 164,715 134,638 141,085 124,825 130,931 137,205 143,651 150,271 157,070 164,051 171,217 178571 274580
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Run 26: Distributed Storage Use Case Flow Battery

Table A-32
Run26

Net Present Value Over Project Life Other Metrics

. L ek | Breakeven Capital Costs

Capital Expenditure {Equity) 1,100,759 2015 Nominal 2113 Real**™
Financing Costs (Debt) 742,319 j S/kw 4200 4037
Operating Costs 995,567 , STkwh** 1050 1009
Taxes (Refund or Paid) 859,163 -
Distribution Investment Deferral 1,714,466

.

Electricity Sales 679,268

o
0

System Electric Supply Capacity 0 972,094
0 ... -
0
0

MNon-synchronous Reserve (Non-spin} 58
Synchronous Reserve (Spin) 493,615 Capacity Factor
Freguency Regulation 1,446,488
Total 3,697,808 4,905,980

20.40%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
ElectricitySales 73,330 75,608 78632 81,778 83,508 89,739 93,329 97,062 100,944 104,982 109,182 113,549 118,091 122,814 127,727 132,836 138,149
BenefitRevenues 698,386 717,19 739,193 764,488 815,174 359,205 370,534 382,161 394,188 406,632 419506 432,828 446,614 460,880 475,646 490,928 506,747
Operating Revenue 771,716 792,804 817,826 846,266 898,682 449,034 463,863 479,223 495,133 511,614 528,688 546,377 564,705 583,695 603,373 623,764 644,896
Total Revenue 771,716 792,804 817,826 846,266 398,682 449,034 463,863 479,223 495,133 511,614 528,688 546,377 564,705 583,695 603,373 623,764 644,896
Fixed O&M {15,000} {15,300) (15,606} {15,918} (16,236} (16,561} (16,292} (17,230} (17,575) (17,926) {18,285) {18,651) (19,024} {19,404} (19,792) (20,188) {20,592}
Variable O&M {445) (451) {460) (469) {474) (493} {503) (513) (523) (533) (544) (555) (566) {577) (589) {502) (613)
Charging Costs {75,431} (77,894) (81,010} (84,250} (36, gm) (92,208} {95,296} {99,732} {103,721} {107,870} {142,385} (116,672) {121,339) {126,193) {131,240} {136,490} {141,950}
HousekeepingPower 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 4]
Fuel Costs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Non-Fuel Start-Up Costs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Property Tax {23,100} (23,100) (23,100} (23,200} (23,400} {23,400} (23,100} (23,300} (23,100} (23,100} {23,100} (23,100) (23,100} {23,300} (23,400} {23,100) (23,300}
Total Operating Costs {113,975) {116,745) (120,176) (123,738) (126,372) (132,362) {136,391} {140,575} (144,919} {149,430} (154,114} (158,978} (164,079 (169,274) (174,722} (180,379) (186,254)
Operating Profit 657,741 676,059 697,650 722,528 772,311 316,672 327,472 338,648 350,214 362,184 374574 387,399 400,676 414,421 428,651 443,385 458,642
interest Expense {68,027} {65,654) (63,134} {60,450} (57,618} (54,602} (51,399} (47,998} {44,387) {40,553) {36,482) {32,160} {27,570} {22,697} (17,522} (12,028) {6,194}
Loan Expense (38,399} {40,772} (43,292} {45,967} {48,908} {54,875} (55,007} (58,478} (62,039) (65,873) {69,944) (74,266) {78,856} {83,779} (88,904) {94,398) {100,232)
DebtServiceReserve 0 0 8] 0 0 0 0 0 0 0 0 0 0 0 0 0 101,518
interest earned on DSRF 3,137 3,137 3137 3,137 3,137 3137 3,137 3,137 3,137 3,137 3,137 3137 3137 3,137 3137 3,137
interestearnedon Battery 0 0 0 0 0 0 0 0 0 0 0 0 0
Net Finance Costs (103,289) (303,289) (103,289) (103,289) (103,289) (103,289) (103, 289) {103, 289) {103,289} {103,289} (103,289) {103, )80) (103,289) {103,289} {103,289) {1,774)
State Tax Refund {Paid) {25,880} (8,774) {23,900} (35,618) (46,879} (5,885} (8,105} (17,691} (28,709) (30,165) {31,680} (33,260} (34,906} (36,621} (38,409) (40,274}
Federal Tax Refund {Paid) (93,408} (31,667} (86,262} {128,554) {169,197) {24,851} (29, )33) (63, 8_)2) (103,620} {108,872} {114,344) {120,044) (125,984 {132,176} {138,630 (145,359)
TaxCredit-FederalTC o 0 0 (4] 4] 0 Q 0 0 0 (] 4] o 0
Taxes Refunded {Paid) (119,788) (40,441} (110,162) (164,172) (216,076) (31,736} (31356) (81,.)44) {125,890} {132,330} (139,037} (146,024} (153,304) (160,890} (168,797} (177,039) {185,633)
{investedBeforeProject) {1,227,016} 0 0 0 0 0 0 0 0 0 [¢] 0 0 [¢] 0 0 0
After-Tax Equity Cash Flow 435,163 532,328 484,199 455,067 452,946 181,647 186,827 153,815 121,034 126,565 132,248 138,086 144,083 150,242 156,565 163,057 271,239
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Run 35: Distributed Storage Use Case, 2020 Start Year

Table A-33
Run 35

Met Present Value

.

Capital Expenditure (Equity)

er Project Life

1,360,899

Financing Costs {Debt)

718,292

Operating Costs

1,351,701

Taxes (Refund or Paid}

1,371,114

0
G
o
0

Distribution Investment Deferral

1,892,921

Electricity Sales

1,131,875

System Electric Supply Capacity

1,247,010

Mon-synchronous Reserve [Nan-spin}

53

Synchronous Reserve [Spin)

73,971

Freqguency Regulation

=2l l~Bl-B A=

1,881,187

Total

4,802,006

6,227,117

Breakeven Capital Costs

2020 Nominal

2013 Real***

S/kw™
$/kwh**

4320

Benefit-to-Cost Ratio

1080

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039

Electricityales 112,728 116,236 120,886 125,721 128625 137,934 143451 149,189 155,156 161,363 167,817 174,530 181,511 188,772 196,322 204,175 212,342 220,836 229,670 238856
BenefitRevenues 854,933 865,166 876,143 887,501 897,431 394375 407,011 420,089 233,62 462,147 477,166 492,717 508,820 525,494 542,762 560,645 579,167 598,352 618225
Operating Revenue 967,662 981403 997,029 1,013,222 1,026,057 532,309 550462 569,278 588,783 629,964 651,696 674,229 697,591 721,817 746,937 772,988 800,004 828,022 857,082
Total Reverue 967,662 SB1A03 997,029 1,013,222 1,026,057 532,309 550462 563,278 583,783 629,964 651,696 674,229 697591 721,817 746,937 772,983 800,004 828,02 857,082
Fixed O8M {25,000) (25,300} (15,605) (16,236} (16,561) (L7,250) (17,575) (18,265) (15,024) (15,792) (20,188) (20,592) 21,004 (2,852)
Variable OZM {740) (751) (766 (820) (853) (870} (s05) (942) {080) 1 (1,020) {
Charging Costs (105,025) (105,569) 2 (125,563) {140,257) 3 (157,557) (170522) {199,287)
HousekeepingPower [ 0 0 o o o o
Fuel Costs 0 o 0 o [ 0 0 o o
Non-Fuel Start-Up Costs [ [ 0 [ o [ o
Propesty Tax (10,250) ,250) 19,250) 15,250) (18,250) 250) {19,250) {19,250} )
Total Operating Costs (141,015) 570) (149,574) (185,458) (180,557) (156,057) (202,787) (209,757} (240,348) {268,760 [ 0)
Operating _Profit 826,647 836532 847,455 858,762 405,325 419,345 333,867 248,909 364,491 497,358 514,686 532,640 551,244 570,523 590,502
Interest Expense (84,108) (81,861 {79,450) (76,952 (65,177) (61,765) (56,142) (54,205) (50,211 (45.874) (41,266) (36,579) (31,187) 125,675) 115,821 115,600}
Loan Repayment Expense
(Principal) (36,285) (38,528) (40,805) (43437) (48972) (53,898) (55,212) (58,629) (62,247) (66,094) (70,478) (74,515) (79,220) (84,020) (85,202) 04,7 {100,568} {106,783)
DebtServiceReserve
Withdrawa o [ o o o o o o [ o 0 o 0 0 o [ o o o 77405
Interest earned on DSRF 23% 23% 233 23% 239 239 2,39 2392 233 5392 5332 23% 239 23% 2,392 2,39 239 2392 2392 2392
Interestearnedon Battery

Fund 30,279 31,214 33173 34,198 36344 [ o o o 0 o
Net Finance Costs {87,715) 3 (81,824) (83,755) {81,533} {117,957) {117,967 (117,357} { Z
State Tax Refund (Paid) 5,720) (52,763) (35,354) (16,853) (88,795) {25,456 (35,053) (92,559)
Federal Tax Refund (Paid) (157,798) {100,428) (35,562) (60,825) (121,575) {127,972) (140947) (155,038)
TaxCredit-Federal TC 0 o [ o [ o o [
Taxes Refunded (Paid) (201,518) (243,189) (273,816) (70,555) (77,679) (155,770) (163,417) (155,535) (163,428) (175,958) (167,581) (207,543) (227,896)
Equity thvestment
(tnvestedBeforeProject) (1,516,994) 0 o o o o o o o o o 0 o 0 o o o o o 0
‘After-Tax Equity Cash Flow 523,8% 602,093 558,219 528,790 508,344 210,315 217,239 192,428 167,902 175,398 160,235 167,484 174,950 182,638 190,556, 198,708 207,100 215,739 224,630 311185
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B

DERIVATION OF CAPACITYVALUE USING
COMBUSTION TURBINE BENCHMARK

What Is System Capacity Value?

Across the United States, it is common for new combustion turbines to be insufficiently
profitable in providing energy ancillary services to recover their capital costs at a sufficient rate
of return. However, it is often required for resource adequacy reasons for new capacity resources
to be built. This difference between net present value of cost and benefit is often referred to as
“missing money.”

In California, requirement for additional capacity is identified several years in advance through
the Long Term Procurement Proceedings (LTPP) at the CPUC. These proceedings direct
investor owned utilities to procure additional capacity resources in a specific timeframe, to
support increasing load or generator retirements. As a result of this directive and the insufficient
inherent profitability for the generators, utilities may need to provide new generators with a
yearly capacity payment to make up for “missing money.” To approximate the resulting capacity
value required to cause a newly built generator to break even and meet required rate of return, a
metric often referred to as Cost of New Entry (CONE) is generated.
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Figure B-1
Hlustration of Cost of New Entry (CONE)

Other resources that can provide system capacity include renewable generation, demand
response, etc. Energy storage can also provide system capacity but is not currently compensated
for because of lack of market mechanism.

Resource Balance Year: Short-Term and Long-Term Capacity Value

It should be noted that currently California has available generation capacity exceeding demand.
As a result, there is no system-wide requirement to build new generation for additional capacity
(with the exception of some transmission constrained load pockets). The year when California is
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roughly expected to require additional generation is 2020, an assumption provided by the CPUC
technical staff and core stakeholder group. In the years preceding 2020, it is expected that
capacity values would be lower. Therefore, for ESVT runs that begin in 2015, a starting capacity
value was estimated by fitting an exponential curve from current year capacity value to the
resource balance year.

CONE Calculation

CONE is derived in the Energy Storage Valuation Tool by simulating the operation of a
combustion turbine (defined by the CPUC technical staff as LM6000 w/ SPRINT). See Table
B-1. The ESVT calculates the annual capacity payment required for the combustion turbine to
earn its required return on investment.

Table B-1
LM6000 SPRINT Inputs
CT Input

System Name LMBODD/SPRINT
Plant life 20
Optimal Efficiency {Heat Rate) 9387
Overnight CapEX S1619/kwW
Variable O&M 54.1685
Fixed O&M $17.40
Minimum Operating Level 40.0%
Temperature Derate 105%

Because the CONE value is dependent on generator performance and cost characteristics, as well
as the prevailing CAISO market prices, it is necessary to generate a unique CONE for any
change in these assumptions. Due to transmission and distribution losses between generation and
load, capacity value may be greater for energy storage or distributed generation located at the
distribution substation or at the customer. It was roughly estimated in this analysis that due to
avoided transmission losses, the substation-sited storage earned an enhanced capacity value by
five percent (5%).

The seven (7) CONE scenarios observed, the ESVT runs utilizing them, and the resulting CONE
value are summarized in Table B-2.
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Table B-2
CONE Value Summary Table by Analysis Run

CONE# |CONE Run Notes
1 runl Use Case 1: Base Case
7 Use Case 1 Sensitivity: 2010 Ref Year
7 Use Case 1 Sensitivity: 2010 Ref Year with P4P regulation prices
2 runl LMS100 | Use Case 1:CONE derived with LMS100
6 runtl lowCONE |Use Case 1 Sensitivity: low CONE
1 Use Case 1 Sensitivity: 2 Replacements
1 Use Case 1 Sensitivity: No regulation services
1 Use Case 1: higher CapEX assumption
1 Use Case 1: higher variable O&M assumption
1 Use Case 1 Sensitivity: 3 Replacements
1 Use Case 1 Sensitivity: 2X Regulation Price
1 Use Case 1 Sensitivity: 3 Hour Duration
1 Use Case 1 Sensitivity: 4 Hour Duration
3 Use Case 1 Sensitivity: Market Scenario 1
4 Use Case 1 Sensitivity: Market Scenario 2
3 Use Case 1 Sensitivity: Market Scenario 3
4 Use Case 1 Sensitivity: Market Scenario 4
1 Use Case 1 Sensitivity: Flow Battery
1 Use Case 1 Sensitivity: Flow Battery {high variable O&M)
1 Use Case 1 Sensitivity: Pumped Hydro
1 Use Case 1 Sensitivity: CAES

/A runls Use Case 2: Ancillary Service Only
1 Use Case 1 Sensitivity: Project Start Year 2015
1 Use Case 1 Sensitivity: Project Start Year 2015 with P4P regulation prices
5 rund2 Use Case 3: Base Case

5 Use Case 3 Sensitivity: No regulation

5 Use Case 3 Sensitivity: 2 Hour Duration

5 Use Case 3 Sensitivity: 2X P4P regulation prices
5 Use Case 3 Sensitivity: High Load Growth Rate
5 Use Case 3 Sensitivity: Flow Battery

5 Use Case 3 Sensitivity: Project Start Year 2020

Alternative Methods of Determining CONE Value

The calculation of CONE value is under the assumption that a “new entry” would be necessary
in the resource balance year. In another situation, when growth in renewable generation offsets
load growth, it may be possible to use mothballed generators to serve as reserve capacity for
occasional usage during peak times. In this case, rather than basing capacity value on recovering
fixed investment in new generator, it may be based more on a much lower fixed O&M value of
keeping those generators on. Alternatively, in the situation where there are enough demand
response to provide capacity value in 2020, this will significantly lower demand for generators to
provide capacity, thus reducing CONE. To capture part of the uncertainties about CONE value, a
case with a “low CONE” escalated from the 2011 system capacity value was done as sensitivity.

Validation of ESVT-Derived CONE

Previously, in the draft results of the analysis provided at the March 25, 2013, public workshop
at the CPUC, results were based upon an externally derived CONE value from the “E3 DER
Avoided Cost Calculator.”[S] At the time, the ESVT was not able to generate CONE for a CT
with sufficient fidelity. The disadvantage of using the externally derived CONE was inflexibility
to generate new CONE values based on different market scenarios and turbine technologies. The
CONE value used in the draft results was $155/kW-yr, compared with $161/kW-yr for the
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ESVT-derived CONE value for the base case. The difference between the two is only 3-4%, well
within the margin of error expected for this type of analysis. The investigators found it important
to capture the impact of market scenario changes on the CONE value and maintain the key
relationship between generator capital costs, market benefits, and CONE.

Capacity Derate

At this stage, the capacity value for a conventional generator has been determined for every run
in the analysis. However, when the capacity value for energy storage is being estimated, the
limited duration of the resource should be accounted for, when attempting to compare storage
side-by-side in its ability to provide capacity service equivalent to a CT. The ESVT model
estimates this impact through a derating of the CT capacity value (based on CONE). This
derating is accomplished by multiplying the capacity value by [(# of capacity hours available) /
(# of total capacity hours)]. This method is not accepted by PUC’s to estimate capacity value for
limited energy resources, but it serves to estimate impact and capture a relationship between
storage duration and capacity value. Capacity value of limited duration resources may be an
important area of research looking forward.
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