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2.0 CONTENTS OF THE ELECTRIC RESOURCE PLAN

Rule 3604 of the Colorado Public Utilities Commission’s (*Commission”) Electric
Resource Planning Rules, 4 CCR 723-3-3600 et seq. (“ERP Rules”) sets forth the
required contents of the Electric Resource Plan (“ERP”).

On February 27, 2019, the Commission issued a Notice of Proposed Rulemaking
(“NOPR”) in Proceeding No. 19R-0096E to amend several areas of the Commission’s
Rules Regulating Electric Utilities, including amendments to the ERP Rules. The
Company and many other stakeholders filed numerous rounds of comments and
participated in several hearings over the course of the rulemaking proceeding.

At the Commissioners’ Weekly Meeting on March 24, 2021, the Commission discussed
the rulemaking at length and decided to not adopt new rules as a result of the
proceeding.! However, during their deliberations, the Commission notified the Company
of three issue areas in which interested stakeholders had general agreement, that they
expect will be addressed in the Company’'s 2021 Electric Resource Plan and Clean
Energy Plan (“2021 ERP & CEP”) filing, including:

1. Energy and Demand Forecasting: Specifically, the Commission noted the
several interested stakeholders filed blueline revisions to Rule 3606(b) on
December 20, 2019 in response to Decision No. C20-0207-1. The Company then
filed bluelines in response on January 16, 2020. A consensus on Rule 3606(b)(I)-
(I was achieved. The Company has complied with the spirit of Proposed Rule
3606(b)(D-(I) by developing base, low, and high (Roadmap) forecast scenarios as
discussed in Section 2.2 of this Volume 2;

2. Joint Transmission Proposal: On October 30, 2020, the Company filed Updated
Joint Transmission Proposal and Joint Final Comments in response to Decision
No. C20-0661-1 in Proceeding No. 19R-0096E (the “Joint Transmission
Proposal”). The Joint Transmission Proposal aimed to better align transmission
planning and resource planning by allowing for bidding into bid-eligible planned
transmission projects in the Phase Il competitive solicitation without burdening
developers with costs from the transmission project.?

During their deliberations, the Commission directed the Company to address in its
2021 ERP & CEP, to the extent necessary, how the Company has incorporated
the Joint Transmission Proposal into its 2021 ERP & CEP filing recognizing that
since the development of this proposal the Company has filed Colorado’s Power

1 As of the writing of this document, the Commission’s written Decision is pending.

2 Proceeding No. 19R-0096E, Updated Joint Transmission Proposal and Joint Final Comments to Decision
No. C20-0661-I (filed Oct. 30, 2020), at 9-10.
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Pathway 345 kV Transmission Project in Proceeding No. 21A-0096E. The Joint
Transmission Proposal is discussed in Section 2.8 of this Volume 2.

Best Value Employment Metrics: During their deliberations, the Commission
noted that the Company worked closely with Rocky Mountain Environmental
Labor Coalition and Colorado Building and Construction Trades Council, AFL-
CIO (jointly, "RMELC/CBCTC") to propose rule revisions (reflected in Proposed
Rule 3613) that could improve the existing best value employment metrics
(“BVEM”) requirements given past disputes over the proper application of BVEM
related rules. The Commission indicated that their decision closing Proceeding
No. 19R-0096E will articulate that bidders will be required to provide the more
detailed BVEM information reflected in Proposed Rule 3613 and that bidders
should know that this information is now required to be obtained as a result of
Senate Bill 19-236 (“SB 19-236") (§ 40-2-129, C.R.S.). The Commission further
stated that it expects the Company to include a request for the more detailed
BVEM requirements as outlined in Proposed Rule 3613 in its Request for
Proposal (“RFP”) documents. BVEM is discussed further in Section 2.16 of this
Volume 2.

In addition to the three issues discussed above, the Company has also addressed
several other Proposed Draft Rules that were the product of significant stakeholder
engagement, including:

Proposed Draft Rule 3607(c): Benchmarking for the purpose of identifying
existing resources that potentially are not performing cost-effectively as compared
to other resources available in the market (Section 2.5);

Proposed Draft Rule 3604(l): Assessment of potential cost-effective early
retirements of utility-owned resources (Section 2.6); and

Proposed Draft Rule 3607(d): Ancillary services assessment of existing
resources (Section 2.7).

Table 2.0-1 below, which reflects the current rules as of the date of the Company’s filing,
provides a matrix of the applicable rule requirements and indicates where the information
can be found throughout Volume 2, and/or Volume 3 of the Company’s 2021 ERP &
CEP. Table 2.0-2 further below reflects the select Proposed Draft Rules the Company
has also addressed in its 2021 ERP & CEP filing.
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CPUC Rule
Rule 3604

Table 2.0-1 ERP Rules Compliance Matrix

Required Information
Contents of the Resource Plan

Where

The utility shall file a plan with the Commission that contains the information
specified below. When required by the Commission, the utility shall provide
work-papers to support the information contained in the plan. The plan shall
include the following:

Rule 3604

Resource Acquisition Period and Planning Period

3604(a)

A statement of the utility-specified resource acquisition period and planning
period. The utility shall consistently use the specified resource acquisition
and planning periods throughout the entire resource plan and resource
acquisition process. The utility shall include a detailed explanation as to
why the specific period lengths were chosen in light of the assessment of
the needs of the utility system.

Volume 2,
Section 2.1

Rule 3604(b) &
3606

Electric Demand and Energy Forecast

3604(b)

An annual electric demand and energy forecast developed pursuant to rule
3606.

3606(a)

Forecast requirements. The utility shall prepare the following energy and
demand forecasts for each year within the planning period:

3606(a)())

Annual sales of energy and coincident summer and winter peak demand in
total and disaggregated among Commission jurisdictional sales, FERC
jurisdictional sales, and sales subject to the jurisdiction of other states.

3606(a)(1l)

Annual sales of energy and coincident summer and winter peak demand on
a system wide basis for each major customer class.

3606(a)(1l)

Annual energy and capacity sales to other utilities; and capacity sales to
other utilities at the time of coincident summer and winter peak demand.

3606(a)(1V)

Annual intra-utility energy and capacity use at the time of coincident
summer and winter peak demand.

3606(a)(V)

Annual system losses and the allocation of such losses to the transmission
and distribution components of the system. Coincident summer and winter
peak system losses and the allocation of such losses to the transmission
and distribution components of the systems.

Volume 2,
Section 2.2

3606(a)(VI)

Typical day load patterns on a system-wide basis for each major customer
class. This information shall be provided for peak-day, average-day, and
representative off-peak days for each calendar month.

Volume 2,
Section 2.3
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CPUC Rule
3606(b)

Required Information

Range of forecasts. The utility shall develop and justify a range of forecasts
of coincident summer and winter peak demand and energy sales that its
system may reasonably be required to serve during the planning period.
The range shall include base case, high, and low forecast scenarios of
coincident summer and winter peak demand and energy sales, based on
alternative assumptions about the determinants of coincident summer and
winter peak demand and energy of coincident summer and winter peak
demand and energy sales during the planning period.

3606(c)

Required detail.

3606(c)(l)

In preparing forecasts, the utility shall develop forecasts of energy sales and
coincident summer and winter peak demand for each major customer class.
The utility shall use end-use, econometric or other supportable methodology
as the basis for these forecasts. If the utility determines not to use end-use
analysis, it shall explain the reason for its determination as well as the
rationale for its chosen alternative methodology.

3606(c)(ll)

The utility shall maintain, as confidential, information reflecting historical and
forecasted demand and energy use for individual customers in those cases
when an individual customer is responsible for the majority of the demand
and energy used by a patrticular rate class. However, when necessary in the
resource plan proceedings, such information may be disclosed to parties
who intervene in accordance with the terms of non-disclosure agreements
approved by the Commission and executed by the parties seeking
disclosure.

3606(d)

Historical data. The utility shall compare the annual forecast of coincident
summer and winter peak demand and energy sales made by the utility to
the actual coincident peak demand and energy sales experienced by the
utility for the five years preceding the year in which the plan under
consideration is filed. In addition, the utility shall compare the annual
forecasts in its most recently filed resource plan to the annual forecasts in
the current resource plan.

Where

Volume 2,
Section 2.2

3606(e)

Description and justification. The utility shall fully explain, justify, and
document the data, assumptions, methodologies, models, determinants,
and any other inputs upon which it relied to develop its coincident peak
demand and energy sales forecasts pursuant to this rule, as well as the
forecasts themselves.

3606(1)

Format and graphical presentation of data. The utility shall include graphical
presentation of the data to make the data more understandable to the public
and shall make the data available to requesting parties in such electronic
formats as the Commission shall reasonably require.

Volume 2,
Section 2.2
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CPUC Rule Required Information Where
Rule 3604(c) & | Evaluation of Existing Resources
3607
3604(c) An evaluation of existing resources developed pursuant to rule 3607.
3607(a) Existing generation resource assessment. The utility shall describe its
existing resources, all utility-owned generating facilities for which the utility | Volume 2,
has obtained a Certificate of Public Convenience and Necessity (CPCN) | Section 2.4
from the Commission pursuant to 8 40-5-101, C.R.S., at the time the plan is
filed, and existing or future purchases from other utilities or non-utilities
pursuant to agreements effective at the time the plan is filed. The
description shall include, when applicable, the following:
3607(a)(l) Name(s) and location(s) of utility-owned generation facilities and energy
storage systems.
3607 (a)(Il) Rated capacity and net dependable capacity of utility-owned generation
facilities.
3607(a)(11) Fuel type, heat rates, annual capacity factors and availability factors
projected for utility- owned generation facilities availability factors for utility-
owned energy storage systems over the resource acquisition period.
3607(a)(1V) Estimated in-service dates for utility-owned generation facilities for which a
CPCN has been granted but which are not in service at the time the plan
under consideration is filed.
3607(a)(V) Estimated remaining useful lives of existing generation facilities and energy
storage systems without significant new investment or maintenance
expense.
3607(a)(VI) The amount of capacity and energy from generation facilities, energy

storage systems, and demand-side resources purchased from utilities
and non-utilities, the duration of such purchase contracts and a
description of any contract provisions that allow for modification of the
amount of capacity and energy from generation facilities or energy
storage systems purchased pursuant to such contracts.
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CPUC Rule
3607(a)(VII)

Required Information

The amount of capacity and energy provided from generation facilities
and energy storage systems pursuant to wheeling or coordination
agreements, the duration of such wheeling or coordination agreements,
and a description of any contract provisions that allow for modification of
the amount of capacity and energy from generation facilities or energy
storage systems provided pursuant to such wheeling or coordination
agreements.

3607(a)(VII)

The performance characteristics of utility-owned energy storage systems
including but not limited to discharge rates and durations, charging rates,
response time; and cycling losses and limitations.

3607(2)(IX)

The physical and performance characteristics of energy storage systems
purchased from utilities and non-utilities including but not limited to:
storage technology; discharge rates and durations; charging rates;
response time; and cycling losses and limitations.

3607(a)(X)

The projected emissions, in terms of pounds per MWH and short-tons

per year, of sulfur dioxide, nitrogen oxides, particulate matter, mercury
and carbon dioxide for the resources identified under this paragraph
3607(a).

3607(a)(XII)

The expected demand-side resources during the resource planning
period from existing measures installed through utility-administered
programs; and, from measures expected to be installed in the future
through utility-administered programs in accordance with a Commission-
approved plan.

3607(b)

Utilities required to comply with these rules shall coordinate their electric
resource plan filings such that the amount of electricity purchases and sales
between utilities during the planning period is reflected uniformly in their
respective plans. Disputes regarding the amount, timing, price, or other
terms and conditions of such purchases and sales shall be fully explained
in each utility's plan. If a utility files an interim plan as specified in rule 3603,
the utility is not required to coordinate that filing with other utilities.

Where

Volume 2,
Section 2.4

Rule 3604(d) &
3608

Transmission Resources

3608(a)

The utility shall report its existing transmission capabilities, and future needs
during the planning period, for facilities of 115 kilovolts and above, including
associated substations and terminal facilities. The utility shall generally
identify the location and extent of transfer capability limitations on its
transmission network that may affect the future siting of resources.

3608(b)

With respect to future needs, the utility shall submit a description of all
transmission lines and facilities appearing in its most recent report filed with
the Commission pursuant to § 40-2-126, C.R.S., that, as identified in that
report, could reasonably be placed into service during the resource
acquisition period.

Volume 2,
Section 2.8
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CPUC Rule Required Information Where

3608(c) For each transmission line or facility identified in paragraph (b), the utility
shall include the following information detailing assumptions to be used for
resource planning and bid evaluation purposes:

3608(c)(I) Length and location.
3608(c)(1) Estimated in-service date.
3608(c)(11h Injection capacity.
3608(c)(1V) Estimated costs.

3608(c)(V) Terminal points.

3608(c)(VI) Voltage and megawatt rating.

3608(d) In order to equitably compare possible resource alternatives, the utility shall
consider the transmission costs required by, or imposed on the system by,
and the transmission benefits provided by a particular resource as part of
the bid evaluation criteria.

3608(e) The resource plan shall describe and shall estimate the cost of all new N/A
transmission facilities associated with any specific resources proposed for
acquisition other than through a competitive acquisition process.

Rule 3604(e) & | Planning Reserve Margin & Contingency Plans
3609

3604(e) An assessment of planning reserve margins and contingency plans for the
acquisition of additional resources developed pursuant to rule 3609. Volume 2,

3609(a) The utility shall provide a description of, and justification for, the means by | Section 2.9
which it assesses the desired level of reliability on its system throughout the
planning period (e.g., probabilistic or deterministic reliability indices).

3609(b) The utility shall develop and justify planning reserve margins for the
resource acquisition period for the base case, high, and low forecast
scenarios established under rule 3606, to include risks associated with: (1)
the development of generation, (2) losses of generation capacity, (3)
purchase of power, (4) losses of transmission capability, (5) risks due to
known or reasonably expected changes in environmental regulatory
requirements, and (6) other risks. The utility shall develop planning reserve
margins for its system over the planning period beyond the resource
acquisition period for the base case forecast scenario. The utility shall also
guantify the recommended or required reliability performance criteria for
reserve groups and power pools to which the utility is a party.

3609(c) Since actual circumstances may differ from the most likely estimate of

future resource needs, the utility shall develop contingency plans for the
resource acquisition period. As a part of its plan, the utility shall provide,
under seal, a description of its proposed contingency plans for the
acquisition of (1) additional resources if actual circumstances deviate from
the most likely estimate of future resource needs developed pursuant to
rule 3610, or (2) replacement resources in the event that resources are not
developed in accordance with a Commission-approved plan under rule
3617. The utility will identify the estimated costs it will incur in developing
the contingency plan for addressing the acquisition of these resources (e.g.,
purchasing equipment options, establishing sites, engineering). The
Commission will consider approval of contingency plans only after the utility
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CPUC Rule

Required Information
receives bids, as described in subparagraph 3618(b)(ll). The provisions of
paragraph 3617(d) shall not apply to the contingency plans unless explicitly
ordered by the Commission.

Where

3604(f) & 3610

Assessment of Need for Additional Resources

3604(f)

An assessment of the need for additional resources developed pursuant to
rule 3610.

3610(a)

By comparing the electric energy and demand forecasts developed
pursuant to rule 3606 with the existing level of resources developed
pursuant to rule 3607, and planning reserve margins developed pursuant to
rule 3609, the utility shall assess the need to acquire additional resources
during the resource acquisition period.

3610(b)

In assessing its need to acquire additional resources, the utility shall also:
0] determine the additional eligible energy resources, if any, the utility
will need to acquire to comply with the Commission’s RES rules;
(1 take into account the demand-side resources it must acquire to
meet the energy savings and peak demand reduction goals
established under 840-3.2-104 C.R.S. To that end, the Commission
shall permit the utility to implement cost-effective demand-side
resources to reduce the need for additional resources that would
otherwise be met through a competitive acquisition process
pursuant to rule 3611,
consider the benefits energy storage systems may provide to
increase integration of intermittent resources, improve reliability,
reduce the need for increased generation facilities to meet periods
of peak demand; and avoid, reduce, or defer investments.

(1)

3610(b)())

Determine the additional renewable energy resources (e.g., retail
distributed generation (DG), wholesale DG, non-DG) resources, if any, the
utility will need to acquire to comply with the Commission’s Renewable
Energy Standard Rules.

3610(b)(Il)

Take into account the demand-side resources it must acquire to meet the
energy savings and peak demand reduction goals established under 8§ 40-
3.2-104, C.R.S. To that end, the Commission shall permit the utility to
implement cost-effective demand-side resources to reduce the need for
additional resources that would otherwise be met through a competitive
acquisition process pursuant to rule 3611.

Volume 2,
Section 2.11
& 2.12

3610(b)(1l)

Consider the benefits energy storage systems may provide to increase
integration of intermittent resources, improve reliability; reduce the need
for increased generation facilities to meet periods of peak demand; and
avoid, reduce, or defer investments.

Volume 2,
Section 2.10
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CPUC Rule
3610(c)

Required Information
The Commission may give consideration of the likelihood of new
environmental regulations and the risk of higher future costs associated with
the emission of greenhouse gases such as carbon dioxide when it
considers utility proposals to acquire additional resources during the
resource acquisition period.

Where

3604(g) & 3611

Resource Acquisition Plan

3604(g)

The utility’s plan for acquiring these resources pursuant to rule 3611,
including a description of the projected emissions, in terms of pounds per
MWh and short-tons per year, of sulfur dioxide, nitrogen oxides, particulate
matter, mercury and carbon dioxide for any resources proposed to be
owned by the utility and for any new generic resources included in the
utility’s modeling for its resource plan.

Volume 2,
Section 2.4 &
Section 2.16

3611(a)

It is the Commission's policy that a competitive acquisition process will
normally be used to acquire new utility resources. The competitive bid
process should afford all resources an opportunity to bid, and all new utility
resources will be compared in order to determine a cost- effective resource
plan (i.e., an all-source solicitation).

3611(b)

Notwithstanding the Commission’s preference for all-source bidding for the
acquisition of all new utility resources under these rules, the utility may
propose in its filing under rule 3603, an alternative plan for acquiring the
resources to meet the need identified in rule 3610. The utility shall specify
the portion of the resource need that it intends to meet through an all-source
competitive acquisition process and the portion that it intends to meet
through an alternative method of resource acquisition.

3611(c)

If the utility proposes that a portion of the resource need be met through an
alternative method of resource acquisition, the utility shall identify the
specific resource(s) that it wishes to acquire and the reason the specific
resource(s) should not be acquired through an all-source competitive
acquisition process. In addition, the utility shall provide a cost-benefit
analysis to demonstrate the reason(s) why the public interest would be
served by acquiring the specific resource(s) through an alternative method
of resource acquisition.

Volume 2,
Section 2.16

3611(d)

Although the utility may propose a method for acquiring new utility resources
other than all-source competitive bidding, as a prerequisite, the utility shall
nonetheless include in its plan filed under rule 3603 the necessary bid
policies, RFPs, and model contracts necessary to satisfy the resource need
identified under rule 3610 exclusively through all-source competitive bidding.

Volume 3

3611(e)

In the event that the utility proposes an alternative method of resource
acquisition that involves the development of a new renewable energy
resource or new supply-side resource that the utility shall own as a rate
base investment, the utility shall file, simultaneously with its plan submitted
under rule 3603, an application for a CPCN for such new resource. The
Commission may consolidate, in accordance with the Commission’s Rules

N/A

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN

PusLIc SERVICE COMPANY OF COLORADO

VOLUME 2 - TECHNICAL APPENDIX

PAGE 23 oF 24




CPUC Rule

Required Information
of Practice and Procedure, the proceeding addressing that application for a
CPCN with the resource planning proceeding. The utility shall provide a
detailed estimate of the cost of the proposed facility to be constructed and
information on alternatives studied, costs for those alternatives, and criteria
used to rank or eliminate those alternatives.

Where

3611()

The utility may participate in a competitive resource acquisition process by
proposing the development of a new utility resource that the utility shall own
as a rate base investment. The utility shall provide sufficient cost
information in support of its proposal such that the Commission can
reasonably compare the utility’s proposal to alternative bids. In the event a
utility proposes a rate base investment, the utility shall also propose how it
intends to compare the utility rate based proposal(s) with non-utility bids.
The Commission may also address the regulatory treatment of such costs
with respect to future recovery.

Volume 3,

Company

ownership
RFP

3611(g)

Each utility shall propose a written bidding policy as part of its filing under
rule 3603, including the assumptions, criteria, and models that will be used
to solicit and evaluate bids in a fair and reasonable manner. The utility shall
specify the competitive acquisition procedures that it intends to use to
obtain resources under the utility’s plan. The utility shall also propose, and
other interested parties may provide input as part of the resource plan
proceeding, criteria for evaluating the costs and benefits of resources such
as the valuation of emissions and non-energy benefits.

Volume 2,
Section 2.16

3611(h)

In the event that the utility proposes to acquire specific resources through
an alternative method of resource acquisition that involves the development
of a new renewable energy resource or new supply-side resource that the
utility shall own as a rate base investment, the utility shall provide the
Commission with the following best value employment metric information
regarding each resource:

N/A

3611(h)(1)-(1V)

The availability of training programs, including training through
apprenticeship programs registered with the United States Department of
Labor, Office of Apprenticeship and Training;

The employment of Colorado workers as compared to importation of out-of-
state workers;

Long-term career opportunities; and

Industry-standard wages, health care, and pension benefits.

Volume 2,
Section 2.16

3604(h)

Water Resources

3604(h)

The annual water consumption for each of the utility’s existing generation
resources, and the water intensity (in gallons per MWh) of the existing
generating system as a whole, as well as the projected water consumption
for any resources proposed to be owned by the utility and for any new
generic resources included in the utility’s modeling for its resource plan.

Volume 2,
Section 2.18

3604(7)

RFPs and Model Contracts

The proposed RFP(s) the utility intends to use to solicit bids for energy and
capacity resources to be acquired through a competitive acquisition
process, including model contracts, pursuant to rule 3616.

Volume 3
(3.1,3.2,3.3)
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CPUC Rule
3604(j)

Required Information
Confidential and Highly Confidential Information

Where

A list of the information related to the resource plan proceeding that the
utility claims is confidential, and a list of the information related to the
resource plan proceeding that the utility claims is highly confidential. The
utility shall also list the information that it will provide to owners or
developers of a potential resource under paragraphs 3613(a) and (b). The
utility shall further explicitly list the protections it proposes for bid prices,
other bid details, information concerning a new resource that the utility
proposes to build and own as a rate base investment, other modeling
inputs and assumptions, and the results of bid evaluation and selection.
The protections sought by the utility for these items shall be specified in the
motion(s) submitted under paragraph 3603(b). For good cause shown the
utility may seek to protect additional information as confidential or highly
confidential by filing the appropriate motion under rule 1100 of the
Commission’s Rules of Practice and Procedure in a timely manner.

Volume 2,
Section 2.17

3604(k)

Alternative Plans

Descriptions of at least three alternate plans that can be used to represent
the costs and benefits from increasing amounts of renewable energy
resources, demand-side resources, or Section 123 resources as defined in
paragraph 3602(q) potentially included in a cost-effective resource plan.
One of the alternate plans shall represent a baseline case that describes
the costs and benefits of the new utility resources required to meet the
utility’s needs during the planning period that minimize the net present
value of revenue requirements and that complies with the Renewable
Energy Standard, 4 CCR 723-3-3650 et seq., as well as with the demand-
side resource requirements under § 40-3.2-104, C.R.S. The other alternate
plans shall represent alternative combinations of resources that meet the
same resource needs as the baseline case but that include proportionately
more renewable energy resources, demand-side resources, or Section 123
resources. The utility shall propose a range of possible future scenarios
and input sensitivities for the purpose of testing the robustness of the
alternate plans under various parameters.

Volume 2,
Section 2.13

3604(1)

Additional Renewable Resources

An assessment of the costs and benefits of the integration of intermittent
renewable energy resources on the utility’'s system, including peer-
reviewed studies, consistent with the amounts of renewable energy
resources the utility proposes to acquire.

Volume 2,
Section 2.14
& 2.18
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CPUC Rule Required Information Where
3604(m) Energy Storage Systems Modeling Assumptions

Modeling assumptions and analytical methodology proposed to assess the
costs and benefits of energy storage systems including, but not limited to: Volume 2,
integration of intermittent resources; improvement of reliability; reduction in | Section 2.10
the need for increased generation facilities to meet periods of peak
demand; and avoidance, reduction, or deferral of investments.

3604(n) Energy Storage Systems Smaller Than 30 MW

The utility shall propose how energy storage systems smaller than 30 MW
in size may be accommodated in the all-source competitive acquisition Volume 2,
process. Section 2.16
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Table 2.0-2 Proposed Draft ERP Rules for Which the Company Is Providing

Proposed Draft Rule

3604

Additional Information

Proposed Rule Language
Contents of the Resource Plan

WAHEIE]

3604())

An assessment of potential cost-effective early retirements of utility-
owned resources with retirement dates during the planning period,
including the costs associated with incremental depreciation expenses
and estimated operational and capital savings. For each early
retirement reviewed, the utility shall describe the replacement
resource need, possible system reliability impacts, and corrective
actions for such impacts.

Volume 2,
Section 2.6

3606

Electric Energy and Demand Forecasts

3606(b)(1)

The base forecast shall reflect the amounts of energy and demand
savings from demand side resources previously approved by the
Commission; the distributed energy resources expected to be
interconnected, both through the utility’s Commission-approved plans,
and outside of utility plans; expected level of transportation
electrification consistent with the base assumption used in the utility’s
most recent transportation electrification plan filed pursuant to § 40-5-
107, C.R.S.

3606(b)(1)

The utility shall provide a separate forecast of load resulting from non-
transportation beneficial electrification during the resource planning
period. This forecast shall include sector-specific assumptions used to
develop the utility’s beneficial electrification forecast.

Volume 2,
Section 2.2
&2.14

3607

Evaluation (Assessment) of Existing Resources

3607(c)

Benchmarking. For the purpose of identifying existing resources that
potentially are not performing cost-effectively as compared to other
resources available in the market, the utility shall compare the costs
and performance of each of its existing supply-side resources greater
than 20 MW of nameplate capacity to the costs and performance of
the generic resources.

Volume 2,
Section 2.5

3607(d)

Ancillary services assessment. The utility shall identify its existing
resources that provide various ancillary services necessary to support
its distribution and transmission systems, including, but not limited to,
black start resources, non-spinning reserves, spinning reserves,
regulation and frequency response, reactive power, voltage control,
system control, dispatch services, and energy imbalance services.

Volume 2,
Section 2.7

3613

Best Value Employment Metrics

3613

Best value employment metric information regarding each proposed
new utility resource shall include the following information.

(a) The availability of training programs, including training through
apprenticeship programs registered with the United States
Department of Labor, Office of Apprenticeship and Training. The utility
or bidder shall provide, for example and as applicable, the following
information for each craft the utility anticipates will work on the project:
(1) availability of training programs;

(1) the names of specific training programs available;

(11 the curriculum of the specific training programs;

(IV) the cost of worker training;

(V) the duration of the training programs;

(V1) the total number of hours of on-the-job training required; (VII) the
total number of classroom hours required;

Volume 2,
Section
2.16
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Proposed Draft Rule

Proposed Rule Language
(V1) the licenses and certifications obtained, if any;
(IX) a copy of training program standards for each training program;
and
(X) a statement whether the training programs are United States
Department of Labor registered apprenticeship programs and are
accredited to award college credits.

(b) The employment of Colorado workers as compared to importation
of out-of-state workers. The utility or bidder shall provide, for example
and as applicable, the following information for each craft the utility
anticipates will work on the project:

(1) estimated number of workers by job classification;

(1) estimated length of time of service, including total man hours, by
job classification;

(I percentage of Colorado workers by job classification; and (IV)
percentage of project man hours earned by Colorado workers by job
classification.

(c) Long-term career opportunities. The utility or bidder shall provide,
for example and as applicable, the following information for each craft
the utility anticipates will work on the project: job classifications,
licenses, certifications and skills that will be applied and the long-term
career opportunities for each job classification; and

(d) Industry-standard wages, health care, and pension benefits. The
utility or bidder shall provide, for example and as applicable, the
following information for each craft the utility anticipates will work on
the project:

(I) range of wages by job classification;

(1) healthcare benefits by job classification;

(1N pension benefits by job classification;

(IV) prevailing wages and fringe benefits (healthcare benefits, pension
benefits and other compensation) based on industry standards and
the current Colorado labor agreements by job classification; and

(V) wages and fringe benefits (healthcare benefits, pension benefits
and other compensation) by job classification.

Where
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2.1 RESOURCE ACQUISITION AND PLANNING PERIOD

Resource Acquisition Period

Rule 3602(n) defines “Resource Acquisition Period” (or “RAP”) as “the first six to ten
years of the planning period, in which the utility acquires specific resources to meet
projected electric system demand and energy requirements. The RAP begins from the
date the utility files its plan with the Commission.” In past ERPs, the Company has
typically proposed a RAP and discussed the reasons and circumstances that inform a
particular RAP timeframe as part of its Phase | filing. For this 2021 ERP, however, the
RAP is mandated by statute.

Specifically, SB 19-236 requires that the Company’s first ERP it files with the
Commission after January 1, 2020 must include a Clean Energy Plan (i.e., this 2021
ERP & CEP) that will achieve the clean energy target of reducing carbon dioxide
emissions associated with electricity sales to the Company’s electric customers by 80
percent from 2005 levels by 2030. To achieve this clean energy target, SB 19-236
explicitly requires that the Company’s 2021 ERP & CEP must utilize a RAP that extends
through 2030.

Accordingly, Public Service is utilizing a RAP from the plan filing date of 2021 through
2030.

Planning Period

Rule 3602(k) defines “planning period” as “the future period for which a utility develops
its plan, and the period, over which net present value of revenue requirements for
resources are calculated... [tjhe planning period is twenty to forty years and begins from
the date the utility files its plan with the Commission.”

Public Service proposes a planning period from the ERP filing date of 2021 extending
through 2055, or approximately 35 years, which represents the period following the last
year of the RAP (i.e., 2030) through the last year of the proposed 25-year contract term
length in the model contracts filed in Volume 3 pursuant to Rule 3604(i). To effectuate a
planning period through 2055, the Company used an “end effects” approach in the last
years of the planning period. The EnCompass planning model was run through 2050,
and the system costs in 2050 were repeated without escalation for the years 2051-2055
and included in the net present value (“NPV”) calculations. This is similar to the
methodology used by the previous planning model, Strategist, to add cost impacts
beyond the years the model was actually run. The model was only run through 2050 for
several reasons: (1) adding years to the simulation increases model complexity and run
times; (2) most key inputs are not forecasted beyond 2050; and (3) SB 19-236’s imposed
requirement to meet zero tons of carbon emissions by 2050 creates a relatively
subjective portfolio in the latter years when using only generic resources based on
today’s known technologies.
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Although the Proposed Draft Rules have not yet been finalized as of the filing date for
this ERP, the Company used the above method for Phase | to align with the planning
period requirements set forth in the Proposed Draft Rules. The Company is open to
discussion regarding its approach used for Phase I, and generally would prefer a
planning period for Phase Il that extends no later than 2050, subject to discussion by the
parties in this proceeding.
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2.2 ELECTRIC ENERGY AND DEMAND FORECASTS

Introduction

In this Section, the Company sets forth detailed electric energy and demand forecast
information required by Rule 3606. The energy and demand forecasts represent the
Company’s expectations for native load, which does not include reductions due to
distributed generation, as distributed generation is considered a resource.

Projections of future energy and peak demand are fundamental inputs into Public
Service’s resource need assessment. As required by Rule 3606(b), Public Service
prepared a base forecast and two alternative forecasts for its 2021 ERP & CEP: (1) a
high or Roadmap scenario, and (2) a low scenario. The Roadmap scenario reflects data
and assumptions based on the Colorado Greenhouse Gas Pollution Reduction Roadmap
(“Roadmap”) finalized by the State of Colorado on January 14, 2021 (provided as
Attachment AKJ-4 to the Direct Testimony of Company witness Alice K. Jackson).

Figures 2.2-1 and 2.2-2 below show the Base, Low, and Roadmap forecasts of native
load peak demand and energy graphically. Tables 2.2-1 and 2.2-2 further below show
the data supporting Figures 2.2-1 and 2.2-2, respectively. The black line on the figures
and grey area on the tables indicate the end of the RAP in 2030.

Public Service projects Base native load peak demand (retail and firm wholesale
requirements customers) to grow at a compounded annual rate of 0.3% or an average of
22 MW per year through the RAP. This is slower than the 1.9% growth rate over the last
five years. Public Service’'s Low growth sensitivity for peak demand remains relatively
flat through 2030, and the Roadmap sensitivity for peak demand increases at a
compounded growth rate of 0.6% per year over the same period.

Public Service projects Base annual energy to increase at a compounded annual growth
rate of 0.4% or an average of 130 GWh per year through the RAP. Public Service’s Low
growth sensitivity for the forecast of annual energy remains flat through 2030, and the
Roadmap sensitivity for the forecast of annual energy grows at a compounded rate of
1.2% per year.

The Base peak demand forecast assumes economic growth based on projections from
IHS Markit and median summer peak weather conditions. The Base forecast also
assumes the electrification of homes continues at the current pace and the rate of
electric vehicle (*EV”) adoption increases over time. The Low scenario assumes that
energy and peak demand grow slower than the Base Case, while the rate of
electrification and EV adoption stays the same as the Base Case. The Roadmap
scenario assumes a faster pace of electrification and EV adoption than the Base Case.
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Figure 2.2-1 Native Load Peak Demand Forecasts
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Figure 2.2-2 Native Load Energy Forecasts
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Table 2.2-1 Actual and Forecasted Native Load Peak Demand

Compound Growth to/from
MW Annual Growth 2020

Base Low Roadmap| Base Low Roadmap| Base Low Roadmap
2010 6,308 1.0%
2011 6,892 9.3% 0.2%
2012 6,732 -2.3% 0.5%
2013 6,643 -1.3% 0.8%
2014 6,216 -6.4% 2.0%
2015 6,359 2.3% 1.9%
2016 6,670 4.9% 1.2%
2017 6,767 1.5% 1.1%
2018 6,758 -0.1% 1.8%
2019 6,992 3.5% 0.1%
2020 7,002 7,002 7,002 0.1% 0.0%
2021 6,856 6,856 6,875 -2.1% -2.1% -1.8% -2.1% -2.1% -1.8%
2022 6,973 6,973 7,002 1.7% 1.7% 1.8% -0.2% -0.2% 0.0%
2023 6,951 6,936 6,996 -0.3% -0.5% -0.1% -0.2% -0.3% 0.0%
2024 6,978 6,944 7,042 0.4% 0.1% 0.6% -0.1% -0.2% 0.1%
2025 7,031 6,960 7,120 0.8% 0.2% 1.1% 0.1% -0.1% 0.3%
2026 6,906 6,799 7,023 -1.8% -2.3% -1.4% -0.2% -0.5% 0.0%
2027 6,986 6,855 7,133 1.2% 0.8% 1.6% 0.0% -0.3% 0.3%
2028 7,063 6,896 7,237 1.1% 0.6% 1.5% 0.1% -0.2% 0.4%
2029 7,130 6,945 7,328 0.9% 0.7% 1.3% 0.2% -0.1% 0.5%
2030 7,219 7,012 7,441 1.3% 1.0% 1.5% 0.3% 0.0% 0.6%
2031 7,306 7,076 7,558 1.2% 0.9% 1.6% 0.4% 0.1% 0.7%
2032 7,413 7,148 7,697 1.5% 1.0% 1.8% 0.5% 0.2% 0.8%
2033 7,478 7,196 7,798 0.9% 0.7% 1.3% 0.5% 0.2% 0.8%
2034 7,558 7,251 7,917 1.1% 0.8% 1.5% 0.5% 0.2% 0.9%
2035 7,665 7,319 8,067 1.4% 0.9% 1.9% 0.6% 0.3% 0.9%
2036 7,774 7,379 8,224 1.4% 0.8% 1.9% 0.7% 0.3% 1.0%
2037 7,862 7,437 8,363 1.1% 0.8% 1.7% 0.7% 0.4% 1.0%
2038 7,963 7,500 8,519 1.3% 0.9% 1.9% 0.7% 0.4% 1.1%
2039 8,069 7,573 8,686 1.3% 1.0% 2.0% 0.7% 0.4% 1.1%
2040 8,159 7,631 8,840 1.1% 0.8% 1.8% 0.8% 0.4% 1.2%
2041 8,216 7,679 8,962 0.7% 0.6% 1.4% 0.8% 0.4% 1.2%
2042 8,285 7,731 9,005 0.8% 0.7% 0.5% 0.8% 0.5% 1.2%
2043 8,129 7,555 8,855 -1.9% -2.3% -1.7% 0.7% 0.3% 1.0%
2044 8,195 7,593 9,195 0.8% 0.5% 3.8% 0.7% 0.3% 1.1%
2045 8,245 7,636 9,419 0.6% 0.6% 2.4% 0.7% 0.3% 1.2%
2046 8,313 7,686 9,702 0.8% 0.7% 3.0% 0.7% 0.4% 1.3%
2047 8,389 7,741 9,795 0.9% 0.7% 1.0% 0.7% 0.4% 1.3%
2048 8,461 7,783 9,690 0.9% 0.5% -1.1% 0.7% 0.4% 1.2%
2049 8,509 7,822 9,882 0.6% 0.5% 2.0% 0.7% 0.4% 1.2%
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Table 2.2-2 Actual and Forecasted Annual Native Load Energy

Compound Growth to/from
GWh Annual Growth 2020

Base Low Roadmap| Base Low Roadmap| Base Low Roadmap
2010f 35,123 -0.2%
2011 34,498 -1.8% -0.1%
2012 32,734 -5.1% 0.6%
2013 33,143 1.2% 0.5%
2014 33,666 1.6% 0.3%
2015 33,139 -1.6% 0.7%
2016 32,856 -0.9% 1.1%
2017 32,929 0.2% 1.4%
2018 33,363 1.3% 1.4%
2019 33,282 -0.2% 3.1%
2020 34,319 34,319 34,319 3.1% 0.0%
2021 33,010 33,010 33,188 -3.8% -3.8% -3.3% -3.8% -3.8% -3.3%
2022 32,929 32,745 33,352 -0.2% -0.8% 0.5% -2.0% -2.3% -1.4%
2023 33,151 32,874 33,819 0.7% 0.4% 1.4% -1.1% -1.4% -0.5%
2024 33,766 33,341 34,702 1.9% 1.4% 2.6% -0.4% -0.7% 0.3%
2025 34,170 33,554 35,452 1.2% 0.6% 2.2% -0.1% -0.5% 0.7%
2026 33,737 32,965 35,421 -1.3% -1.8% -0.1% -0.3% -0.7% 0.5%
2027 34,131 33,255 36,234 1.2% 0.9% 2.3% -0.1% -0.4% 0.8%
2028 34,685 33,652 37,181 1.6% 1.2% 2.6% 0.1% -0.2% 1.0%
2029 35,104 34,015 37,951 1.2% 1.1% 2.1% 0.3% -0.1% 1.1%
2030 35,627 34,470 38,826 1.5% 1.3% 2.3% 0.4% 0.0% 1.2%
2031 36,178 34,950 39,883 1.5% 1.4% 2.7% 0.5% 0.2% 1.4%
2032 36,895 35,535 41,162 2.0% 1.7% 3.2% 0.6% 0.3% 1.5%
2033 37,462 36,060 42,351 1.5% 1.5% 2.9% 0.7% 0.4% 1.6%
2034 38,118 36,635 43,695 1.8% 1.6% 3.2% 0.8% 0.5% 1.7%
2035 38,899 37,276 45,238 2.0% 1.7% 3.5% 0.8% 0.6% 1.9%
2036 39,805 37,980 46,972 2.3% 1.9% 3.8% 0.9% 0.6% 2.0%
2037 40,516 38,592 48,575 1.8% 1.6% 3.4% 1.0% 0.7% 2.1%
2038 41,313 39,249 50,333 2.0% 1.7% 3.6% 1.0% 0.7% 2.2%
2039 42,069 39,889 52,122 1.8% 1.6% 3.6% 1.1% 0.8% 2.2%
2040 42,823 40,537 53,976 1.8% 1.6% 3.6% 1.1% 0.8% 2.3%
2041 43,379 41,084 54,858 1.3% 1.3% 1.6% 1.1% 0.9% 2.3%
2042| 44,002 41,668 55,778 1.4% 1.4% 1.7% 1.1% 0.9% 2.2%
2043 43,298 40,917 55,382 -1.6% -1.8% -0.7% 1.0% 0.8% 2.1%
2044 43,969 41,485 56,346 1.5% 1.4% 1.7% 1.0% 0.8% 2.1%
2045 44,466 41,976 57,071 1.1% 1.2% 1.3% 1.0% 0.8% 2.1%
2046 45,091 42,561 57,839 1.4% 1.4% 1.3% 1.1% 0.8% 2.0%
2047| 45,762 43,180 58,623 1.5% 1.5% 1.4% 1.1% 0.9% 2.0%
2048 46,520 43,824 59,516 1.7% 1.5% 1.5% 1.1% 0.9% 2.0%
2049 46,991 44,286 60,181 1.0% 1.1% 1.1% 1.1% 0.9% 2.0%
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Economic Conditions and Outlook

Public Service used data from the IHS Markit June 2020 economic outlook to develop its
ERP forecasts. Specifically, the Company tracked key indicators for the metropolitan
areas located within its service territory. These key indicators include population, real
personal income, non-farm employment, and gross metropolitan product (“GMP”).

The economy of the Company'’s service territory showed strong growth in the latter half
of the 2010s, before contracting in 2020 due to the COVID-19 pandemic. GMP grew, on
average, 4.0% from 2014-2019 before declining an expected 8.9% in 2020. Job growth
was also robust, averaging 2.6% from 2014-2019 before declining an expected 14.1% in
2020. Real personal income contracted an expected 2.2% in 2020 after averaging 4.2%
growth in the preceding 5 years. Population growth slowed to 1.1% in 2020.

IHS Markit's June 2020 outlook expects the economic rebound to begin in 2021 and
continue through the 2020s, before returning to long-run economic growth rates.
Average growth for the 2020-2030 time period is expected to be strong as the economy
rebounds from the effects of the COVID-19 pandemic. Long-run growth rates for these
key indicators are slightly slower than the growth rates seen from 2014-20109.

Table 2.2-3 summarizes the economic history and outlook for the key economic drivers.

Table 2.2-3 Growth Rates for Key Economic Drivers

Average Annual Growth
Employment Population GMP Real Pers Inc

2014-2019 2.6% 1.5% 4.0% 4.2%
2019-2020 -14.1% 1.1% -8.9% -2.2%
2020-2030 2.7% 1.1% 3.5% 3.1%
2020-2049 1.5% 0.9% 2.7% 2.6%

Peak Demand Trends and Forecast

Table 2.2-4 shows the actual and forecasted retail and wholesale peak demands.
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Table 2.2-4 Peak Demand Forecast — Base Case, Retail, and Wholesale

Compound Growth to/from
MW Annual Growth 2020
Retail Wholesale Total Retail Wholesale Total Retail Wholesale Total
2010 5,573 736 6,308 1.0% 1.2% 1.0%
2011 5,848 1,044 6,892 4.9% 41.9% 9.3% 0.6% -2.6% 0.2%
2012 6,163 569 6,732 5.4% -45.5% -2.3% 0.0% 4.8% 0.5%
2013 5,875 768 6,643 -4.7% 35.0% -1.3% 0.7% 1.0% 0.8%
2014 5,748 468 6,216 -2.2% -39.0% -6.4% 1.2% 9.9% 2.0%
2015 5,729 630 6,359 -0.3% 34.5% 2.3% 1.5% 5.6% 1.9%
2016 6,068 602 6,670 5.9% -4.4% 4.9% 0.4% 8.2% 1.2%
2017 6,238 530 6,767 2.8% -12.0% 1.5% -0.3% 16.0% 1.1%
2018 6,191 567 6,758 -0.8% 7.1% -0.1% -0.1% 20.7% 1.8%
2019 6,192 801 6,992 0.0% 41.1% 3.5% -0.3% 3.2% 0.1%
2020 6,176 826 7,002 -0.3% 3.2% 0.1% 0.0% 0.0% 0.0%
2021 6,414 443 6,856 3.8% -46.4% -2.1% 3.8% -46.4% -2.1%
2022 6,562 411 6,973 2.3% -7.2% 1.7% 3.1% -29.5% -0.2%
2023 6,579 372 6,951 0.3% -9.5% -0.3% 2.1% -23.4% -0.2%
2024 6,599 379 6,978 0.3% 1.9% 0.4% 1.7% -17.7% -0.1%
2025 6,643 388 7,031 0.7% 2.5% 0.8% 1.5% -14.0% 0.1%
2026 6,725 180 6,906 1.2% -53.5% -1.8% 1.4% -22.4% -0.2%
2027 6,806 181 6,986 1.2% 0.1% 1.2% 1.4% -19.5% 0.0%
2028 6,882 182 7,063 1.1% 0.7% 1.1% 1.4% -17.2% 0.1%
2029 6,947 183 7,130 0.9% 0.8% 0.9% 1.3% -15.4% 0.2%
2030 7,035 184 7,219 1.3% 0.4% 1.3% 1.3% -13.9% 0.3%
2031 7,128 178 7,306 1.3% -3.0% 1.2% 1.3% -13.0% 0.4%
2032 7,212 201 7,413 1.2% 12.7% 1.5% 1.3% -11.1% 0.5%
2033 7,275 203 7,478 0.9% 1.0% 0.9% 1.3% -10.2% 0.5%
2034 7,353 205 7,558 1.1% 1.1% 1.1% 1.3% -9.5% 0.5%
2035 7,457 208 7,665 1.4% 1.1% 1.4% 1.3% -8.8% 0.6%
2036 7,564 210 7,774 1.4% 1.1% 1.4% 1.3% -8.2% 0.7%
2037 7,649 212 7,862 1.1% 1.2% 1.1% 1.3% -7.7% 0.7%
2038 7,748 215 7,963 1.3% 1.2% 1.3% 1.3% -7.2% 0.7%
2039 7,852 217 8,069 1.3% 1.2% 1.3% 1.3% -6.8% 0.7%
2040 7,939 220 8,159 1.1% 1.2% 1.1% 1.3% -6.4% 0.8%
2041 7,993 223 8,216 0.7% 1.3% 0.7% 1.2% -6.0% 0.8%
2042 8,060 226 8,285 0.8% 1.3% 0.8% 1.2% -5.7% 0.8%
2043 8,129 - 8,129 0.9% -1.9% 1.2% 0.7%
2044 8,195 - 8,195 0.8% 0.8% 1.2% 0.7%
2045 8,245 - 8,245 0.6% 0.6% 1.2% 0.7%
2046 8,313 - 8,313 0.8% 0.8% 1.1% 0.7%
2047 8,389 - 8,389 0.9% 0.9% 1.1% 0.7%
2048 8,461 - 8,461 0.9% 0.9% 1.1% 0.7%
2049 8,509 - 8,509 0.6% 0.6% 1.1% 0.7%
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Native load peak demand in Public Service’s service territory has advanced 643 MW
during the past five years, driven primarily by retail growth of 447 MW. Total peak
demand has averaged 1.9% growth and retail peak demand has increased an average
of 1.5% over that time. Wholesale demand has increased 196 MW over the same time
period, but the growth is driven by Comanche 3 being offline, resulting in Public Service
serving more load to the Rural Electric Association (“REA”) participants at the time of the
2020 peak. After accounting for the additional load served due to Comanche 3 being
offline, wholesale load has declined approximately 50 MW since 2015.

Peak demand is expected to increase slowly through the RAP, as the growth in retalil
load more than offsets the declines in wholesale. In total, load is expected to grow on
average 0.3% through 2030, with retail growing at an average rate of 1.3%.

Energy Trends and Forecast

Table 2.2-5 shows the actual and forecasted retail and wholesale energy amounts (or
native energy).

The decrease in wholesale energy in 2011 is due to the participation of Intermountain
Rural Electric Association (“IREA”) and Holy Cross Energy in the Comanche 3 project.
The decrease in 2012 is attributable to the termination of the Company’s wholesale
contract with Black Hills Energy. The large increase in wholesale energy in 2020 is due
to Comanche 3 being offline, which results in Public Service’s contractual requirement to
serve additional load for the partners.

Native energy has shown moderate growth from 2015-2020, increasing at an average
rate of 0.7% over that time. The growth is driven by wholesale energy, as retail energy
has remained relatively flat for that time period.

Native energy is expected to increase slowly through the RAP, at an average rate of
0.4% per year. Retail growth of 1.1% is offsetting the declines in wholesale energy due
to the expiration of contracts. Longer term, retail growth is expected to increase due to
the adoption of EVs, as discussed in later sections.
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Table 2.2-5 Native Energy Forecast — Base Case, Retail, and Wholesale

Compound Growth to/from
GWh Annual Growth 2020
Retail Wholesale Total Retail Wholesale Total Retail Wholesale Total
2010 30,079 5,044 35,123 0.2% -3.6% -0.2%
2011 30,160 4,339 34,498 0.3% -14.0% -1.8% 0.2% -2.3% -0.1%
2012 30,307 2,427 32,734 0.5% -44.1% -5.1% 0.2% 4.7% 0.6%
2013 30,588 2,555 33,143 0.9% 5.3% 1.2% 0.1% 4.6% 0.5%
2014 31,008 2,658 33,666 1.4% 4.1% 1.6% -0.1% 4.7% 0.3%
2015 30,909 2,229 33,139 -0.3% -16.1% -1.6% -0.1% 9.5% 0.7%
2016 30,884 1,973 32,856 -0.1% -11.5% -0.9% -0.1% 15.5% 1.1%
2017 30,808 2,122 32,929 -0.2% 7.6% 0.2% 0.0% 18.3% 1.4%
2018| 31,250 2,113 33,363 1.4% -0.4% 1.3% -0.7% 28.9% 1.4%
2019 31,193 2,089 33,282 -0.2% -1.2% -0.2% -1.2% 68.0% 3.1%
2020 30,810 3,509 34,319 -1.2% 68.0% 3.1% 0.0% 0.0% 0.0%
2021 30,727 2,283 33,010 -0.3% -34.9% -3.8% -0.3% -34.9% -3.8%
2022 30,950 1,979 32,929 0.7% -13.3% -0.2% 0.2% -24.9% -2.0%
2023 31,246 1,905 33,151 1.0% -3.8% 0.7% 0.5% -18.4% -1.1%
2024 31,696 2,071 33,766 1.4% 8.7% 1.9% 0.7% -12.4% -0.4%
2025 32,156 2,014 34,170 1.5% -2.7% 1.2% 0.9% -10.5% -0.1%
2026 32,618 1,120 33,737 1.4% -44.4% -1.3% 1.0% -17.3% -0.3%
2027| 33,001 1,129 34,131 1.2% 0.9% 1.2% 1.0% -15.0% -0.1%
2028| 33,544 1,141 34,685 1.6% 1.0% 1.6% 1.1% -13.1% 0.1%
2029 33,952 1,152 35,104 1.2% 1.0% 1.2% 1.1% -11.6% 0.3%
2030 34,464 1,163 35,627 1.5% 0.9% 1.5% 1.1% -10.5% 0.4%
2031 35,034 1,144 36,178 1.7% -1.6% 1.5% 1.2% -9.7% 0.5%
2032 35,739 1,156 36,895 2.0% 1.0% 2.0% 1.2% -8.8% 0.6%
2033 36,294 1,168 37,462 1.6% 1.1% 1.5% 1.3% -8.1% 0.7%
2034 36,937 1,181 38,118 1.8% 1.1% 1.8% 1.3% -7.5% 0.8%
2035 37,705 1,193 38,899 2.1% 1.1% 2.0% 1.4% -6.9% 0.8%
2036 38,599 1,206 39,805 2.4% 1.1% 2.3% 1.4% -6.5% 0.9%
2037 39,297 1,219 40,516 1.8% 1.1% 1.8% 1.4% -6.0% 1.0%
2038 40,081 1,232 41,313 2.0% 1.1% 2.0% 1.5% -5.6% 1.0%
2039 40,824 1,245 42,069 1.9% 1.1% 1.8% 1.5% -5.3% 1.1%
2040 41,564 1,259 42,823 1.8% 1.1% 1.8% 1.5% -5.0% 1.1%
2041 42,106 1,273 43,379 1.3% 1.1% 1.3% 1.5% -4.7% 1.1%
2042 42,715 1,287 44,002 1.4% 1.1% 1.4% 1.5% -4.5% 1.1%
2043 43,298 - 43,298 1.4% -1.6% 1.5% 1.0%
2044 43,969 - 43,969 1.5% 1.5% 1.5% 1.0%
2045 44,466 - 44,466 1.1% 1.1% 1.5% 1.0%
2046 45,091 - 45,091 1.4% 1.4% 1.5% 1.1%
2047| 45,762 - 45,762 1.5% 1.5% 1.5% 1.1%
2048 46,520 - 46,520 1.7% 1.7% 1.5% 1.1%
2049| 46,991 - 46,991 1.0% 1.0% 1.5% 1.1%
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Electric Vehicles

In addition to the Electric Energy and Demand Forecast information required by Rule
3606, the Company has also addressed information contemplated by Proposed Draft
Rule 3606(b)(l). Proposed Draft Rule 3606(b)(l) was developed in response to Decision
No. C19-0822-1 in Proceeding No. 19R-0096E, in which the Commission requested that
the Colorado Energy Office (“CEO”) work with interested stakeholders to develop
consensus on answers to a set of questions addressing whether and how Governor
Polis’ Roadmap to 100% Renewable Energy by 2040 and Bold Climate Action should be
addressed in the Commission’s ERP Rules. Accordingly, in late 2019 CEO facilitated a
process through which numerous stakeholders reached consensus on several proposed
rules that were filed on December 20, 2019 in Proceeding No. 19R-0096E,3 including
Proposed Draft Rule 3606(b)(l), which states as follows:

The base forecast shall reflect the amounts of energy and demand savings
from demand-side resources previously approved by the Commission; the
distributed energy resources expected to be interconnected, both through
the utility’'s Commission-approved plans, and outside of utility plans;
expected level of transportation electrification consistent with the base
assumption used in the utility’s most recent transportation electrification
plan filed pursuant to § 40-5-107, C.R.S.

Although this Proposed Draft Rule will not be ultimately adopted by the Commission,
given the consensus nature of this Proposed Draft Rule and the interest of the
Commission and stakeholders in transportation electrification impacts on the load
forecast, the Company incorporated this information as described below.

Light Duty Vehicles (“‘LDV")

The Base Case and Low scenario EV forecasts estimate EV adoption using two
modeling techniques: (1) Bass diffusion modeling, and (2) economic modeling. After
establishing forecasts through both methods, we average the results to estimate EV
adoption.

e Bass Diffusion Modeling. Bass diffusion models are used to describe technology
adoptions patterns in an existing market through an “S” shaped diffusion

3 See Joint Supplemental Comments of Colorado Energy Office, the Southwest Energy Efficiency Project
(“SWEEP”), Colorado Energy Consumers (“CEC”), Vote Solar, Southwest Generation, the Office of
Consumer Counsel (“OCC”"), Ms. Leslie Glustrom, Sierra Club, Western Resource Advocates (“WRA”"),
Colorado Independent Energy Association (“CIEA"), City of Boulder, Interwest Energy Alliance, and
Colorado Solar and Storage Association (“COSSA”) & Solar Energy Industries Association (“SEIA”) filed
on December 20, 2019 in Proceeding No. 19R-0096E.
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characteristic. The Bass diffusion model approach is calibrated using state-
specific historical EV sales.

e Economic Modeling. Economic models use simple payback analysis to estimate
potential adoption, incorporating factors such as battery prices, tax incentives, fuel
savings, and others.

Additionally, we have incorporated into both the Bass diffusion and economic models a
factor for the percentage of vehicles in urban and rural areas. Presently, higher adoption
is occurring in urban areas with the rural areas anticipated to ramp up slowly. The
estimates are also sensitive to several exogenous variables because battery market
dynamics are a significant factor in the cost of EVs. These variables may include policy,
technology, manufacturing supply chain, and geopolitical factors, among others.

Since we are in the early stages of EV adoption, the nascent market brings significant
uncertainties. There is a broad range of possible outcomes, and forecasts could be
volatile. We would expect that as the market continues to grow and we continue to
update our models with new data, our future estimates will be increasingly robust.

The Roadmap scenario was not modeled using the same methodologies used for the
Base Case and Low scenarios. The Roadmap scenario reflects data produced in the
State of Colorado’s Roadmap report. Calculations were then made to estimate the
approximate number of vehicles and consumption specific to Public Service’s territory.

Medium and Heavy Duty Vehicles

The Company utilizes a medium duty vehicle (“MDV”) and heavy duty vehicle (“HDV”)
forecast that was produced by a third-party consultant (Navigant, now Guidehouse).
This forecast included a high, low, and base case scenario for Public Service’s service
territory in Colorado. The Company utilized Navigant's base case forecast to inform the
Company’s Low and Base Case scenarios.

Similar to the analysis of LDVs, the MDV and HDV data utilized in the Company’s
Roadmap scenario reflects data produced in the State of Colorado’s Roadmap report.
Calculations were then made to estimate the approximate number of vehicles and
consumption within Public Service’s territory.

EV Load Shapes

The Base Case and Low scenarios utilize an unmanaged charging profile through 2021
and utilize a managed charging profile for the remainder of the forecast period beginning
in 2022. The managed and unmanaged charging profiles for LDV were produced by a
third-party consultant (E3), while the MDV/HDV profiles were produced by another third-
party consultant (Navigant, now Guidehouse).
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Table 2.2-6 below shows forecasted EV adoption under the Base Case/Low and

Roadmap scenarios.

Table 2.2-6 Number of EVs by Scenario

Base/Low Roadmap
LDV MDV HDV Total LDV MDV HDV Total
2020 30,450 0 38 30,488 53,318 - - 53,318
2021 41,284 0 40 41,324 89,230 115 240 89,585
2022 61,323 0 43 61,366 143,000 342 649 143,990
2023 99,195 28 54 99,277 211,731 665 1,053 213,449
2024 135,844 102 78 136,024 296,626 1,092 1,463 299,181
2025 169,221 234 118 169,573 396,952 1,615 1,965 400,532
2026 202,972 440 187 203,598 510,156 2,231 2,548 514,935
2027 244,725 749 295 245,769 632,327 2,938 3,215 638,479
2028 298,325 1,146 448 299,919 759,435 3,739 3,980 767,155
2029 365,780 1,645 637 368,061 889,507 4,640 4,865 899,012
2030 451,342 2,298 879 454,520 | 1,039,542 5,644 5,883 1,051,068
2031 539,005 3,050 1,159 543,215 | 1,198,075 6,808 7,087 1,211,970
2032 629,944 3,878 1,473 635,295 | 1,361,707 8,138 8,513 1,378,358
2033 724,350 4,759 1,815 730,924 | 1,530,153 9,654 10,184 1,549,990
2034| 820,722 5680 2,185 828,586 | 1,702,666 11,401 12,090 1,726,157
2035( 918,023 6,633 2,580 927,236 | 1,878,654 13,454 14,176 1,906,284
2036( 1,016,583 7,613 3,001 1,027,197 | 2,057,220 15,888 16,368 2,089,476
2037| 1,116,434 8,619 3,447 1,128,500 | 2,237,645 18,704 18,612 2,274,961
2038| 1,217,637 9,648 3,919 1,231,204 | 2,419,205 21,797 20,884 2,461,886
2039 1,319,901 10,700 4,418 1,335,019 | 2,601,490 25,040 23,180 2,649,711
2040] 1,423,299 11,897 4,996 1,440,192 | 2,784,206 28,375 25,509 2,838,090
2041( 1,528,025 13,095 5573 1,546,693 | 2,958,878 31,493 27,693 3,018,065
2042( 1,633,833 14,292 6,151 1,654,276 | 3,125,217 34,484 29,774 3,189,475
2043 1,740,658 15,489 6,728 1,762,876 | 3,283,111 37,362 31,758 3,352,231
2044( 1,849,021 16,687 7,306 1,873,013 | 3,433,259 40,135 33,652 3,507,047
2045( 1,959,096 17,884 7,883 1,984,863 | 3,575,535 42,810 35,461 3,653,806
2046 2,070,891 19,081 8,461 2,098,433 | 3,704,777 45,385 37,188 3,787,350
2047( 2,184,398 20,279 9,038 2,213,714 | 3,830,582 47,860 38,833 3,917,275
2048 2,285,079 21,476 9,615 2,316,170 | 3,953,421 50,229 40,394 4,044,044
2049 2,369,419 22,673 10,193 2,402,285 4,070,819 52,487 41,865 4,165,171
2050( 2,454,355 23,870 10,770 2,488,996 | 4,198,355 154,627 43,234 4,296,216
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Beneficial Electrification Forecast

The Company has also addressed information contemplated by Proposed Draft Rule
3606(b)(Il), which was likewise developed through stakeholder consensus in response to
Decision No. C19-0822-1 in Proceeding No. 19R-0096E. Proposed Draft Rule 3606(b)(Il)
states as follows:

The utility shall provide a separate forecast of load resulting from non-
transportation beneficial electrification during the resource planning period.
This forecast shall include sector-specific assumptions used to develop the
utility’s beneficial electrification forecast.

Although this Proposed Draft Rule will not be ultimately adopted by the Commission,
given the consensus nature of this Proposed Draft Rule and the interest of the
Commission and stakeholders in non-transportation beneficial electrification impacts on
the load forecast, the Company is providing this additional information as described
below.

The Company developed two modeling assumptions to be used in the forecasting
scenarios. The first assumption was the continuation of beneficial electrification growth
consistent with historic growth. This assumption was applied to both the Base Case and
Low scenarios and reflects uncertainty around how specific policy implementations could
ultimately impact the levels of adoption. For the Roadmap scenario, the Company relied
upon a July 2020 analysis by GDS Consulting that found current technical and economic
potential is highest within the area of residential and commercial building electrification.
Specifically, due to factors such as advancements in heat pump technology, residential
growth rates in space and water heating are up to two times greater under the Roadmap
scenario relative to the Base Case scenario.

The relative saturation levels of beneficial electrification within the residential and
commercial sectors provided in Table 2.2-7 below are a forecast of the percent of
customers that utilize electricity as the primary fuel source for space heating and water
heating end uses. Given that heat pumps are currently in the very early stages of
adoption, the actual electrical appliances that will be used are expected to be a
combination of electric resistance heaters, electric boilers, and electric resistance
storage water heaters, as well as air source heat pumps and heat pump storage water
heaters.

In order to estimate an overall load shape for electric space and water heating, the
Electric Power Research Institute (‘EPRI”) Load Shape Library 8.0 was referenced. The
EPRI Load Shape Library provides a representative electric load shape by end use
aggregated over North American Electric Reliability Corporation (“NERC”) regions, which
for the purposes of this analysis was the Southwest Power Pool (“SPP”) region.
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Table 2.2-7 Appliance Saturations by Scenario

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

Base/Low

Residential Residential Commercial Commercial
Space Heat Water Heat Space Heat Water Heat

Roadmap

Residential Residential Commercial Commercial
Space Heat Water Heat Space Heat Water Heat

15.0%
15.2%
15.3%
15.4%
15.6%
15.8%
15.9%
16.1%
16.3%
16.5%
16.7%
16.8%
17.0%
17.2%
17.5%
17.7%
17.9%
18.1%
18.4%
18.6%
18.9%
19.1%
19.4%
19.7%
19.9%
20.2%
20.5%
20.8%
21.1%
21.4%
21.7%

13.0% 30.0%
13.1% 30.7%
13.3% 30.6%
13.4% 30.6%
13.5% 30.5%
13.7% 30.5%
13.8% 30.6%
14.0% 30.8%
14.1% 30.9%
14.3% 31.1%
14.4% 31.2%
14.6% 31.4%
14.8% 31.5%
14.9% 31.7%
15.1% 31.9%
15.3% 32.0%
15.5% 32.2%
15.7% 32.4%
15.9% 32.6%
16.1% 32.8%
16.4% 33.0%
16.6% 33.2%
16.8% 33.4%
17.0% 33.6%
17.3% 33.8%
17.5% 34.0%
17.8% 34.2%
18.0% 34.4%
18.3% 34.6%
18.6% 34.8%
18.8% 35.1%

50.0%
51.1%
51.0%
51.0%
50.9%
50.9%
51.1%
51.3%
51.5%
51.8%
52.0%
52.3%
52.6%
52.8%
53.1%
53.4%
53.7%
54.0%
54.3%
54.6%
54.9%
55.3%
55.6%
55.9%
56.3%
56.6%
57.0%
57.3%
57.7%
58.1%
58.4%

15.0%
16.2%
17.5%
18.9%
20.4%
22.0%
23.8%
25.7%
27.8%
30.1%
32.5%
35.0%
37.7%
40.6%
43.7%
47.1%
50.8%
54.8%
59.1%
63.7%
68.7%
70.7%
72.8%
75.0%
77.3%
79.6%
82.1%
84.6%
87.2%
89.9%
92.7%

13.0% 30.0%
14.2% 30.4%
15.6% 30.0%
17.1% 29.7%
18.7% 29.4%
20.5% 29.0%
22.4% 28.9%
24.6% 28.7%
26.9% 28.6%
29.5% 28.4%
32.4% 28.3%
35.8% 31.1%
39.6% 34.2%
43.8% 37.6%
48.5% 41.4%
53.7% 45.5%
59.5% 50.1%
65.9% 55.1%
73.0% 60.6%
80.9% 66.7%
89.6% 73.4%
90.5% 75.4%
91.4% 77.5%
92.4% 79.6%
93.3% 81.7%
94.3% 84.0%
95.3% 86.3%
96.4% 88.6%
97.4% 91.1%
98.6% 93.6%
99.6% 96.2%

50.0%
50.6%
50.0%
49.5%
48.9%
48.4%
48.1%
47.9%
47.6%
47.3%
47.1%
49.6%
52.2%
54.9%
57.8%
60.9%
64.1%
67.5%
71.1%
74.9%
78.9%
80.6%
82.4%
84.2%
86.0%
87.9%
89.8%
91.8%
93.9%
96.0%
98.1%
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Wholesale Forecast

Methodology

Forecasts of sales for each REA and municipality are received directly from the
customers. The sales are then adjusted for losses to develop the energy forecast.

Forecasts of peak demand for each REA and municipality are received from the
respective wholesale customers.

Summary

As previously shown in Tables 2.2-4 and 2.2-5, wholesale energy and demand is
expected to decline through the forecast period. IREA is expected to no longer take
power from Public Service by the end of 2025, and the remaining customers drop off of
the system after 2042. Figures 2.2-3 and 2.2-4 below graphically depict the energy and
demand forecasts for wholesale.

Figure 2.2-3 Wholesale Coincident Peak Demand Forecast

Wholesale Peak Forecast (MW)

500
450
400
350
300
250
200
150
100

50

2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 44 oF 45



Figure 2.2-4 Wholesale Energy Forecast

Wholesale Energy Forecast (GWh)
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Base Retail Forecast

Methodology

Public Service uses monthly historical customer, sales, and peak demand data by rate
class to develop its forecasts. Historical and forecasted economic and demographic
data are obtained from IHS Markit. Historical weather data is obtained from the National
Oceanic and Atmospheric Administration (“NOAA”) and based on weather at Denver
International Airport and Stapleton.

Forecasted Weather Assumptions

The Company uses a 10-year average of monthly Cooling Degree Days (“CDDs”) and
Heating Degree Days (“HDDs”) at Denver International Airport in its sales models. For
this forecast, the 10-year period is from 2010-2019. The Company uses a 30-year
average of monthly maximum daily CDDs and HDDs for its peak demand models, based
on data at Stapleton. For this forecast, the 30-year period is 1990-2019.
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Sales and Energy Forecast

Public Service’s residential sales and commercial and industrial sales forecasts are
developed using a Statistically-Adjusted End-Use (“SAE”) modeling approach. The SAE
method entails specifying energy use as a function of the primary end-use variables
(heating, cooling, and base use) and the factors that affect these end-use energy
requirements.

The SAE residential sales forecast is calculated as the product of average use and
customer forecasts. The SAE modeling approach consists of regressions for average
use per customer and number of customers. The use per customer regression model is
estimated using monthly historical sales per customer, weather, economics, price, and
appliance saturation and efficiency trend data. Customer growth is strongly correlated
with growth in service territory population. Therefore, the number of customers is
forecasted as a function of population projections.

End-use concepts are incorporated in the average use per customer model. Average
use is defined as a function of heating, cooling, and base use requirements, as shown
below. The term e is the model error term.

Average Use = Heating + Cooling + Base + e

Each of these elements of average use is defined in terms of both an appliance index
variable, which indicates relative saturation and efficiency of the stock of appliances, and
a utilization variable, which reflects how the stock is utilized. The end-use variables are
defined as:

Heating = Heatindex * HeatUse
Cooling = Coollndex * CoolUse
Base = Baselndex * BaseUse

The indices are calculated as the ratio of the appliance saturation and average efficiency
of the existing stock. The indices reflect both changes in saturation resulting from end-
use competition and improvements in appliance efficiency standards. For example, if
gas heating gains market share, the electric heating saturation will decline, resulting in a
decline in the heating index variable. Similarly, improvements in electric heating
efficiency will also contribute to a lower heating index. The trend towards greater
saturation of central air conditioning has the opposite effect, contributing to an increasing
cooling index over time. Air conditioning efficiency gains mitigate this increase.
Appliance trends in other end-uses such as water heating, cooking, refrigeration, and
miscellaneous loads are captured in the base index.

The utilization variables (CoolUse, HeatUse, and BaseUse) are designed to capture
energy consumption driven by the use of the appliance stock. For the residential sector,
the primary factors that impact appliance use are weather conditions (as measured by
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heating and cooling degree days), electricity prices, household income and household
size. The utilization variables are defined as:

COOLUSE = (PRICE”(-0.15)) * INCOME_PER_HOUSEHOLD"0.2) *
(HOUSEHOLD_SIZE™0.25) * COOLING_DEGREE_DAYS

HEATUSE = (PRICE”(-0.15)) * (INCOME_PER_HOUSEHOLD"0.2) *
(HOUSEHOLD_SIZE™0.25) * HEATING_DEGREE_DAYS

BASEUSE = (PRICE(-0.15)) * INCOME_PER_HOUSEHOLD"0.1) *
(HOUSEHOLD_SIZE”0.46)

In this functional form, the values shown in the specifications are, in effect, elasticities.
The elasticities give the percent change in the utilization variables (CoolUse, HeatUse,
and BaseUse) given a 1% change in the economic variables (Price, Income per
Household, and Household Size). The elasticities are provided by Itron as part of the
residential end-use model.

The forecast model is estimated by regressing monthly average residential usage on
CoolUse, HeatUse, BaseUse, monthly seasonal variables for all months except
February, March, April, May, September, October, and November, and binary variables
for January 2007 and August 2012. The regression model effectively calibrates the end-
use concepts to actual residential average use. Monthly seasonal variables are included
to account for non-weather-related seasonal factors. The binary variables for January
2007 and August 2012 are included to account for unusual billing activity during this
month. The model also includes a variable to account for the impact of the COVID-19
pandemic on residential sales. The forecast model results are adjusted to reflect the
expected incremental impact of residential Demand-Side Management (*“DSM”)
programs, sales related to residential EV charging, and Integrated Volt/VAr Optimization
(“IVVO").

The same general approach is used to construct the commercial and industrial sales
forecast model. For this model, sales can again be decomposed into heating, cooling
and base use. The end-use variables Heating, Cooling and Base are structured in a
manner similar to those used in the residential model and are defined as the product of a
variable that reflects technology stock and efficiency (“Index”) and a variable that
captures stock utilization (*Use”).

For the commercial and industrial sector, saturation and efficiency trends can be
captured by the changes in annual energy intensities (kWh per square foot), which are
then used in creating a Heating Index, Cooling Index, and Base Index. Increasing
saturation levels drive an index higher, while improvements in stock efficiency or
decreasing saturation levels lower the value of the index.
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Stock utilization is a function of electricity prices, business activity (as measured by
Gross Metropolitan Product for the metropolitan areas in the Public Service Company’s
service territory), heating degree days, and cooling degree days. The utilization
variables are specified as:

COOLUSE = (PRICE~(-0.15)) * (Com. Output Index"0.25) * COOLING_DEGREE_DAYS
HEATUSE = (PRICE/(-0.15)) * (Com. Output Index*0.25) * HEATING_DEGREE_DAYS
BASEUSE = (PRICE/(-0.15)) * (Com. Output Index0.25)

The forecast model is then estimated by regressing monthly commercial and industrial
sales on Cooling, Heating, Base, monthly billing cycle days, commercial customer
counts, and a monthly seasonal variable for February, April, May, and November. In
addition, there are binary variables for April 2020, May 2020, and June 2020. The
regression model effectively calibrates the end-use concepts to actual commercial and
industrial sales. The monthly seasonal variables for each month are included to account
for non-weather-related seasonal factors. The model results are adjusted to reflect the
expected incremental impact of commercial and industrial DSM programs, sales related
to commercial and industrial EV charging, and IVVO.

Public authority sales are forecasted based on recent trends and assumptions regarding
light rail extensions.

Street light sales are forecasted using a regression model that is based on the forecast
of the number minutes without sunlight, monthly seasonal variables for all months except
January, February, and December, and binary variables for January 2013, February
2013, February 2016, November 2019, December 2019, January 2020, and February
2020. The monthly seasonal variables account for the differing number of hours per day
that streetlights are on. The binary variables for January 2013, February 2013, February
2016, November 2019, December 2019, January 2020, and February 2020 account for
the unusual billing activity observed during these months.

The interdepartmental sales forecast is developed as part of the commercial and
industrial forecast.

The sales forecasts are then adjusted for losses to develop the energy forecast.

Figure 2.2-5 and Table 2.2-8 show the impact of EV adoption on retail energy. Retalil
energy, without adoption of additional EVs, grows 4,000 GWh, or about 13% through
2049. EVs account for 75% (12,000 GWh) of the total forecasted retail energy growth
through 2049.
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Figure 2.2-5 Retail Energy Forecasts

Retail Energy Forecasts (GWh)
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Table 2.2-8 Retail Energy Growth with and Without EVs

M Residential EVs

Non-Residential EVs

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049

Energy x/EVs (GWh)
Residential Non-Residential Total

10,843 19,946 30,788
10,451 20,209 30,660
10,442 20,372 30,814
10,393 20,586 30,979
10,444 20,813 31,258
10,509 21,044 31,553
10,596 21,252 31,848
10,638 21,400 32,037
10,700 21,630 32,329
10,726 21,692 32,418
10,723 21,804 32,527
10,707 21,929 32,636
10,722 22,138 32,860
10,721 22,192 32,912
10,733 22,302 33,035
10,749 22,522 33,272
10,791 22,836 33,627
10,793 22,986 33,779
10,811 23,201 34,011
10,836 23,360 34,196
10,861 23,502 34,363
10,851 23,469 34,320
10,854 23,502 34,356
10,861 23,551 34,412
10,881 23,692 34,573
10,862 23,660 34,522
10,861 23,699 34,559
10,868 23,754 34,621
10,893 23,905 34,798
10,879 23,880 34,759

EV Energy (GWh)

Residential Non-Residential

19
60
122
238
387
527
661
812
1,003
1,245
1,551
1,898
2,255
2,626
3,008
3,395
3,785
4,175
4,568
4,962
5,360
5,762
6,153
6,504
6,839
7,208
7,613
8,037
8,436
8,771

2

7

15
30
51
77
108
152
211
288
386
500
623
756
894
1,039
1,188
1,342
1,502
1,665
1,842
2,024
2,205
2,382
2,557
2,736
2,919
3,104
3,286
3,461

Total
22
67
137
267
438
603
769
964
1,214
1,534
1,937
2,397
2,879
3,381
3,902
4,434
4,973
5,518
6,069
6,627
7,202
7,786
8,359
8,886
9,397
9,944
10,532
11,141
11,723
12,232

Total Retail
GWh
30,810
30,727
30,950
31,246
31,696
32,156
32,618
33,001
33,544
33,952
34,464
35,034
35,739
36,294
36,937
37,705
38,599
39,297
40,081
40,824
41,564
42,106
42,715
43,298
43,969
44,466
45,091
45,762
46,520
46,991

Change vs 2020 (GWh)

Non-EV

(129)
25
191
469
765
1,060
1,249
1,541
1,630
1,738
1,848
2,072
2,124
2,247
2,483
2,838
2,991
3,223
3,408
3,574
3,532
3,568
3,624
3,784
3,733
3,771
3,833
4,009
3,971

EV

46
115
246
416
582
748
942

1,193
1,512
1,915
2,376
2,857
3,360
3,380
4,412
4,951
5,496
6,048
6,605
7,180
7,765
8,337
8,865
9,375
9,923

10,510

11,120

11,701

12,211

Total

(83)
140
436
885

1,346
1,808
2,191
2,734
3,141
3,654
4,223
4,928
5,484
6,127
6,895
7,789
8,487
9,270
10,013
10,754
11,296
11,905
12,488
13,159
13,656
14,281
14,952
15,710
16,181
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Demand Forecast

Residential coincident peak demand is expected to increase in response to changes to
residential energy requirements. For the residential demand regression model,
residential energy requirements are defined as a 12-month moving average of monthly
residential sales. The moving average calculation removes the monthly sales cyclical
pattern. Efficiency improvements captured in the residential sales model are assumed to
have the same impact on residential peak demand. Since peak demand does not
necessarily grow at the same rate as the underlying sales, an end-use saturation term
interacting with peak-day weather conditions and customer counts is also included in the
model. This variable is defined as:

Max_Day_Cooling_Degree_Days * Customer Counts * Coolindex

The cooling index is the same index used in the residential average use per customer
model. With the cooling index variable, the sensitivity to max-day weather changes as
residential cooling saturation and efficiency changes.

Also included in the residential peak model are max day heating degree days and binary
variables to remove months with data anomalies (September 2014, April 2016, and
September 2008). The model results are adjusted to reflect the expected incremental
impact of residential DSM programs, the effect of residential EV charging on peak
demand, and IVVO.

The commercial and industrial (nonresidential) coincident peak demand forecast is
developed using a regression model similar to the residential peak model. Historical
commercial and industrial coincident peaks are regressed against commercial and
industrial energy requirements defined as the 12-month moving average of commercial
and industrial sales. Also included in the model is a variable that allows peak demand to
change at a different rate than sales. This variable, which interacts max day weather
with commercial-industrial customers, reflects increasing cooling usage as customer
counts increase. In addition, the model contains seasonal monthly variables (January,
February, March, April, October, November, and December), binary variables to remove
April 2006, April 2007, September 2008, April 2012, May 2015, and May 2017 from the
regression, and a variable accounting for the impact of the COVID-19 pandemic on
commercial and industrial peaks. The model results are adjusted to reflect the expected
incremental impact of commercial and industrial DSM programs, the effect of commercial
and industrial EV charging on peak demand, and IVVO.

Figure 2.2-6 and Table 2.2-9 show the impact of EV adoption on retail peak demand.
Retail peaks, without adoption of additional EVs, grows about 1,470 MW, or about 24%
through 2049. EVs account for 37% (865 MW) of the total retail peak growth through
2049.
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Figure 2.2-6 Retail Peak Forecasts

Retail Peak Forecasts (MW)
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Table 2.2-9 Retail Peak Growth with and Without EVs

Peak x/EVs (MW) EV Peak Impact (MW) Total Retail Change vs 2020 (MW)

Residential Non-Residential Total Residential Non-Residential Total (MW) Non-EV  EV Total
2020 3,263 2,910 6,173 3 0 3 6,176
2021 3,186 3,218 6,404 9 1 10 6,414 231 6 238
2022 3,201 3,350 6,551 10 1 11 6,562 378 8 386
2023 3,207 3,351 6,558 19 2 21 6,579 385 18 403
2024 3,223 3,342 6,565 30 4 34 6,599 392 31 423
2025 3,242 3,355 6,596 41 5 46 6,643 423 43 467
2026 3,286 3,380 6,666 51 7 59 6,725 494 55 549
2027 3,333 3,400 6,733 63 10 73 6,806 560 70 630
2028 3,373 3,417 6,790 78 13 91 6,882 617 88 705
2029 3,396 3,436 6,832 97 18 115 6,947 659 111 770
2030 3,436 3,455 6,891 121 24 144 7,035 718 141 859
2031 3,477 3,473 6,950 147 30 177 7,128 777 174 952
2032 3,511 3,489 7,000 175 37 212 7,212 827 209 1,036
2033 3,520 3,507 7,027 203 45 248 7,275 854 245 1,099
2034 3,543 3,524 7,067 233 53 286 7,353 895 282 1,177
2035 3,572 3,562 7,134 263 61 324 7,457 961 320 1,281
2036 3,602 3,600 7,202 293 69 362 7,564 1,029 359 1,388
2037 3,613 3,635 7,248 323 78 401 7,649 1,075 398 1,473
2038 3,637 3,671 7,308 353 87 440 7,748 1,135 437 1,572
2039 3,667 3,706 7,373 383 96 479 7,852 1,200 476 1,676
2040 3,697 3,722 7,419 414 106 519 7,939 1,246 516 1,763
2041 3,706 3,727 7,433 445 115 560 7,993 1,260 557 1,817
2042 3,728 3,731 7,460 475 125 600 8,060 1,287 597 1,883
2043 3,756 3,737 7,493 502 134 636 8,129 1,320 633 1,953
2044 3,783 3,740 7,523 528 144 671 8,195 1,350 668 2,019
2045 3,789 3,746 7,535 556 153 709 8,245 1,362 706 2,068
2046 3,810 3,752 7,562 587 163 750 8,313 1,389 747 2,137
2047 3,837 3,759 7,596 620 173 793 8,389 1,423 790 2,213
2048 3,864 3,764 7,628 651 183 834 8,461 1,455 830 2,285
2049 3,870 3,770 7,640 676 192 868 8,509 1,467 865 2,332
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Roadmap Scenario

Public Service’s Roadmap energy and peak scenario is based on the faster adoption of
EVs and electrification of homes, as discussed earlier. As seen in Table 2.2-2, the
resulting Roadmap energy forecast grows 2.0% annually through 2049, an increase of
about 25,900 when compared to 2020. Energy growth is expected to average 1.2%
through the RAP.

Public Service’s Roadmap native load peak demand forecast grows from 7,002 MW in
2020 to 9,882 MW in 2049, an average annual growth rate of 1.2%. Short-term annual
growth is expected to be 0.6% through 2030. The peak demand is expected to move
from the summer to winter season in 2041, as the additional beneficial electrification
leads to increased electric heating load and water heating load.

Table 2.2-10 on the following page shows the energy and peak impacts of the additional
EV adoption and electrification of homes, as compared to the Base Case.
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Table 2.2-10 Peak Impacts of Beneficial Electrification and EVs
in Roadmap Scenario

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049

Base
7,002
6,856
6,973
6,951
6,978
7,031
6,906
6,986
7,063
7,130
7,219
7,306
7,413
7,478
7,558
7,665
7,774
7,862
7,963
8,069
8,159
5,659
5,585
5,422
5,529
5,639
5,815
5,794
5,682
5,751

Peak Demand (MW)

BE
5
10
16
24
32
41
51
62
75
90
111
134
161
190
223
260
301
347
398
455
2,949
3,067
3,079
3,315
3,446
3,581
3,722
3,731
3,876

EV

14

19

29

41

57

76

96
112
123
133
141
150
159
169
179
190
200
210
219
226
354
353
353
351
334
306
279
277
255

Roadmap
7,002
6,875
7,002
6,996
7,042
7,120
7,023
7,133
7,237
7,328
7,441
7,558
7,697
7,798
7,917
8,067
8,224
8,363
8,519
8,686
8,840
8,962
9,005
8,855
9,195
9,419
9,702
9,795
9,690
9,882

Base

34,319
33,010
32,929
33,151
33,766
34,170
33,737
34,131
34,685
35,104
35,627
36,178
36,895
37,462
38,118
38,899
39,805
40,516
41,313
42,069
42,823
43,379
44,002
43,298
43,969
44,466
45,091
45,762
46,520
46,991

Energy Forecast (GWh)
BE EV
68 110
146 277
235 433
335 600
450 832
578 1,105
724 1,380
887 1,610
1,069 1,778
1,274 1,925
1,644 2,062
2,055 2,212
2,512 2,376
3,020 2,557
3,584 2,756
4,209 2,958
4,903 3,156
5,673 3,348
6,527 3,525
7,474 3,679
7,711 3,767
7,956 3,821
8,208 3,875
8,469 3,908
8,738 3,867
9,015 3,732
9,301 3,560
9,596 3,400
9,901 3,288

Roadmap
34,319

33,188
33,352
33,819
34,702
35,452
35,421
36,234
37,181
37,951
38,826
39,883
41,162
42,351
43,695
45,238
46,972
48,575
50,333
52,122
53,976
54,858
55,778
55,382
56,346
57,071
57,839
58,623
59,516
60,181

Note: System becomes winter peaking in 2041
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Low Growth Scenario

Public Service’s Low scenario energy forecast assumes that the energy not attributed to
EV adoption grows at about half the rate as in the Base forecast. The pace of EV
adoption remains the same as in the Base Case. The resulting Low native energy
forecast grows 0.9% annually through 2049, adding about 10,000 GWh during that
period. Through the RAP, Low scenario energy remains flat to 2020 levels. Energy
growth in the Low scenario is primarily driven by EV adoption, which is assumed to be
the same as in the Base Case.

Public Service’s Low summer native load peak demand forecast grows from 7,002 MW
in 2020 to 7,822 MW in 2049, an average annual growth rate of 0.4%. The peak
demand is only expected to advance 10 MW through the RAP in the Low scenario.
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Table 2.2-11 shows the impact of the lower non-EV growth assumptions on the peak and
energy forecasts.

Table 2.2-11 Peak and Energy Impact of Slower Growth

Peak Demand (MW) Energy Forecast (GWh)
Base  Slow Growth Low Base Slow Growth Low
2020 7,002 - 7,002 34,319 - 34,319
2021 6,856 (0) 6,856 33,010 (0) 33,010
2022 6,973 (0) 6,973 32,929 (185) 32,745
2023 6,951 (14) 6,936 33,151 (276) 32,874
2024 6,978 (33) 6,944 33,766 (425) 33,341
2025 7,031 (71) 6,960 34,170 (617) 33,554
2026 6,906 (107) 6,799 33,737 (772) 32,965
2027 6,986 (131) 6,855 34,131 (875) 33,255
2028 7,063 (168) 6,896 34,685 (1,033) 33,652
2029 7,130 (185) 6,945 35,104 (1,088) 34,015
2030 7,219 (207) 7,012 35,627 (1,157) 34,470
2031 7,306 (230) 7,076 36,178 (1,228) 34,950
2032 7,413 (265) 7,148 36,895 (1,359) 35,535
2033 7,478 (282) 7,196 37,462 (1,402) 36,060
2034 7,558 (308) 7,251 38,118 (1,483) 36,635
2035 7,665 (346) 7,319 38,899 (1,623) 37,276
2036 7,774 (396) 7,379 39,805 (1,826) 37,980
2037 7,862 (425) 7,437 40,516 (1,923) 38,592
2038 7,963 (463) 7,500 41,313 (2,064) 39,249
2039 8,069 (497) 7,573 42,069 (2,180) 39,889
2040 8,159 (528) 7,631 42,823 (2,286) 40,537
2041 8,216 (537) 7,679 43,379 (2,296) 41,084
2042 8,285 (555) 7,731 44,002 (2,334) 41,668
2043 8,129 (574) 7,555 43,298 (2,382) 40,917
2044 8,195 (601) 7,593 43,969 (2,484) 41,485
2045 8,245 (609) 7,636 44,466 (2,490) 41,976
2046 8,313 (627) 7,686 45,091 (2,530) 42,561
2047 8,389 (648) 7,741 45,762 (2,583) 43,180
2048 8,461 (678) 7,783 46,520 (2,696) 43,824
2049 8,509 (687) 7,822 46,991 (2,706) 44,286
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System Load Shapes

Figures 2.2-7 through 2.2-9 show the hourly system loads for the Base Case summer
and winter peak days in 2025, 2030, and 2040. Figures 2.2-10 through 2.2-15 show the
hourly system loads for those same days for the Roadmap and Low scenarios.

Figure 2.2-7 2025 Peak Day Load Shape — Base Case

2025 Peak Day Load Shape - Base Case
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Figure 2.2-8 2030 Peak Day Load Shape — Base Case

2030 Peak Day Load Shape - Base Case
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Figure 2.2-9 2040 Peak Day Load Shape — Base Case
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Figure 2.2-10 2025 Load Shapes — Roadmap Scenario

2025 Load Shape - Roadmap Scenario
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Figure 2.2-11 2030 Load Shapes — Roadmap Scenario
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Figure 2.2-12 2040 Load Shapes — Roadmap Scenario

2040 Load Shape - Roadmap Scenario
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Figure 2.2-13 2025 Load Shapes — Low Scenario
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Figure 2.2-14 2030 Load Shapes — Low Scenario
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Figure 2.2-15 2040 Load Shapes — Low Scenario
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In the Base Case, there is little variation in the benchmark years between the summer
load shapes, and variation in the winter load shape only becomes noticeable in the 2040
time period. Similar results for the summer load shape are seen in the Roadmap
scenario; however, the winter load undergoes a significant change in shape over time,
resulting in a flattening of the load curve as additional beneficial electrification and faster
EV adoption occur. As an example of the impact of the increase in beneficial
electrification and EV adoption on the Roadmap scenario load shapes, Figures 2.2-16
and 2.2-17 below layer the Roadmap assumptions for additional (above the Base Case)
EVs and beneficial electrification onto the Base Case load shape for the 2040 summer
and winter peak days. These illustrations show the clear and significant impact that
beneficial electrification load growth specifically has on the winter load shape. Beneficial
electrification growth causes a dual peak due to the coincidence of early morning and
evening space heating, while EV load growth has a similar peak impact in both the winter
and summer periods.

Figure 2.2-16 Impact of EVs and Beneficial Electrification (BE) on Roadmap
Scenario — Summer 2040
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Figure 2.2-17 Impact of EVs and Beneficial Electrification (BE) on Roadmap
Scenario — Winter 2040

Roadmap Scenario - Winter 2040
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Comparison to 2016 ERP

Table 2.2-12 and Figures 2.2-18 and 2.2-19 show a comparison of the 2021 and 2016
ERP forecasts.

Table 2.2-12 Base Case Forecast Comparison with 2016 ERP

Peak Demand (MW) Annual Energy (GWh)
2016 ERP 2021 ERP 2016 ERP 2021 ERP
2020 6,970 7,002 35,889 34,319
2021 7,102 6,856 36,754 33,010
2022 7,161 6,973 37,116 32,929
2023 7,225 6,951 37,484 33,151
2024 7,299 6,978 37,878 33,766
2025 7,352 7,031 38,190 34,170
2026 7,413 6,906 38,537 33,737
2027 7,479 6,986 38,915 34,131
2028 7,557 7,063 39,312 34,685
2029 7,615 7,130 39,742 35,104
2030 7,680 7,219 40,130 35,627
2031 7,738 7,306 40,496 36,178
2032 7,802 7,413 40,859 36,895
2033 7,850 7,478 41,214 37,462
2034 7,902 7,558 41,579 38,118
2035 7,962 7,665 41,957 38,899
2036 8,045 7,774 42,340 39,805
2037 8,098 7,862 42,677 40,516
2038 8,163 7,963 43,016 41,313
2039 8,225 8,069 43,367 42,069
2040 8,299 8,159 43,717 42,823
2041 8,352 8,216 44,053 43,379
2042 8,416 8,285 44,400 44,002
2043 8,481 8,129 44,743 43,298
2044 8,554 8,195 45,126 43,969
2045 8,613 8,245 45,528 44,466
2046 8,670 8,313 45,873 45,091
2047 8,717 8,389 46,218 45,762
2048 8,761 8,461 46,667 46,520
2049 8,802 8,509 47,031 46,991
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Figure 2.2-18 Peak Forecast Comparison with 2016 ERP

Comparison of Peak Demand Forecasts
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Figure 2.2-19 Energy Forecast Comparison with 2016 ERP
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Additional Energy and Demand Forecast Information

Tables 2.2-13 through 2.2-17 present additional information associated with the energy
and demand forecasts.

Table 2.2-13 Base Case, Low, and High (Roadmap) Coincident Summer and
Winter Peak Demand

Coincident Summer Peak Demand | Coincident Winter Peak Demand
(Mw) (Mw)
Base Low Roadmap Base Low Roadmap
2020| 7,002 7,002 7,002 5,056 5,056 5,056
2021 6,856 6,856 6,875 5,206 5,206 5,255
2022 6,973 6,973 7,002 5,349 5,349 5,404
2023 6,951 6,936 6,996 5,352 5,349 5,434
2024| 6,978 6,944 7,042 5,358 5,344 5,484
2025 7,031 6,960 7,120 5,412 5,373 5,581
2026| 6,906 6,799 7,023 5,161 5,099 5,359
2027 6,986 6,855 7,133 5,210 5,134 5,458
2028 7,063 6,896 7,237 5,252 5,155 5,542
2029 7,130 6,945 7,328 5,317 5,215 5,717
2030| 7,219 7,012 7,441 5,375 5,267 5,805
2031 7,306 7,076 7,558 5,428 5,312 5,937
2032 7,413 7,148 7,697 5,438 5,304 6,016
2033 7,478 7,196 7,798 5,503 5,363 6,246
2034| 7,558 7,251 7,917 5,560 5,407 6,432
2035 7,665 7,319 8,067 5,639 5,467 6,882
2036| 7,774 7,379 8,224 5,710 5,509 6,989
2037 7,862 7,437 8,363 5,795 5,579 7,298
2038 7,963 7,500 8,519 5,872 5,636 7,766
2039 8,069 7,573 8,686 5,945 5,693 8,202
2040 8,159 7,631 8,840 5,990 5,725 8,799
2041 8,216 7,679 8,909 6,041 5,776 8,962
2042 8,285 7,731 8,989 6,083 5,812 9,005
2043 8,129 7,555 8,843 5,810 5,531 8,855
2044| 8,195 7,593 8,919 5,835 5,545 9,195
2045 8,245 7,636 8,973 5,883 5,592 9,419
2046| 8,313 7,686 9,039 5,925 5,631 9,702
2047 8,389 7,741 9,111 5,969 5,667 9,795
2048 8,461 7,783 9,181 5,999 5,680 9,690
2049 8,509 7,822 9,229 6,041 5,720 9,882
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Table 2.2-14 Base Case: Energy/Coincident Summer Demand/Winter Peak

Demand by Major Customer Class

Energy (GWh) Coincident Summer Peak Demand (MW) Coincident Winter Peak Demand (MW)
Small & Large Small & Large Small & Large
Commercial & Commercial & Commercial &

Year | Residential Industrial Other Resale Total | Residential Industrial Other Resale Total | Residential Industrial Other Resale Total
2020 10,862 19,695 253 3,509 | 34,319 3,266 2,895 15 826 | 7,002 2,168 2,233 81 575 | 5,056
2021 10,511 19,918 298 2,283 | 33,010 3,194 3,198 21 443 | 6,856 2,167 2,348 96 594 | 5,206
2022 10,564 20,081 305 1,979 | 32,929 3,211 3,329 22 411 [ 6,973 2,161 2,486 98 604 | 5,349
2023 10,631 20,304 311 1,905 | 33,151 3,226 3,330 23 372 | 6,951 2,161 2,478 100 613 | 5,352
2024 10,831 20,552 312 2,071 | 33,766 3,253 3,322 23 379 | 6,978 2,168 2,468 100 621 | 5,358
2025 11,036 20,807 313 2,014 | 34,170 3,283 3,337 23 388 7,031 2,199 2,487 100 626 5,412
2026 11,258 21,047 314 1,120 | 33,737 3,338 3,364 23 180 6,906 2,229 2,511 101 321 5,161
2027 11,450 21,237 314 1,129 | 34,131 3,396 3,387 23 181 6,986 2,255 2,533 101 321 5,210
2028 11,703 21,527 314 1,141 | 34,685 3,451 3,407 23 182 7,063 2,277 2,552 101 323 5,252
2029 11,971 21,668 313 1,152 | 35,104 3,493 3,431 23 183 7,130 2,315 2,578 101 324 5,317
2030 12,274 21,877 313 1,163 | 35,627 3,557 3,455 23 184 7,219 2,347 2,602 101 324 5,375
2031 12,605 22,116 313 1,144 | 36,178 3,625 3,480 23 178 7,306 2,377 2,626 101 323 5,428
2032 12,977 22,449 313 1,156 | 36,895 3,686 3,503 23 201 7,413 2,400 2,648 102 289 5,438
2033 13,347 22,634 313 1,168 | 37,462 3,723 3,529 23 203 7,478 2,435 2,677 102 290 5,503
2034 13,741 22,884 313 1,181 | 38,118 3,776 3,554 23 205 7,558 2,463 2,703 102 292 5,560
2035 14,145 23,248 313 1,193 | 38,899 3,835 3,600 23 208 7,665 2,492 2,752 102 293 5,639
2036 14,576 23,711 313 1,206 | 39,805 3,895 3,646 23 210 7,774 2,515 2,798 102 295 5,710
2037 14,969 24,015 313 1,219 | 40,516 3,936 3,690 23 212 7,862 2,550 2,846 102 297 5,795
2038 15,379 24,389 313 1,232 | 41,313 3,990 3,735 23 215 7,963 2,579 2,891 103 298 5,872
2039 15,798 24,713 313 1,245 | 42,069 4,050 3,779 23 217 8,069 2,609 2,933 103 300 5,945
2040 16,221 25,030 313 1,259 | 42,823 4,111 3,805 23 220 8,159 2,631 2,954 103 302 5,990
2041 16,613 25,181 313 1,273 | 43,379 4,151 3,819 23 223 8,216 2,664 2,970 103 304 6,041
2042 17,008 25,394 313 1,287 | 44,002 4,203 3,833 23 226 8,285 2,692 2,982 103 306 6,083
2043 17,365 25,620 313 0 43,298 4,257 3,849 23 0 8,129 2,713 2,993 103 0 5,810
2044 17,720 25,936 313 0 43,969 4,311 3,861 23 0 8,195 2,731 3,000 104 0 5,835
2045 18,070 26,083 313 0 44,466 4,346 3,876 23 0 8,245 2,763 3,016 104 0 5,883
2046 18,474 26,305 313 0 45,091 4,398 3,892 23 0 8,313 2,793 3,028 104 0 5,925
2047 18,905 26,545 313 0 45,762 4,457 3,909 23 0 8,389 2,824 3,041 104 0 5,969
2048 19,329 26,878 313 0 46,520 4,515 3,924 23 0 8,461 2,845 3,049 104 0 5,999
2049 19,650 27,028 313 0 46,991 4,546 3,940 23 0 8,509 2,872 3,064 104 0 6,041
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Table 2.2-15 Base Case: Intra-Utility Energy and Capacity Use
(at the Time of Coincident Summer and Winter Peak Demand)

Energy (GWh) Coincident Summer Demand (MW) Coincident Winter Demand (MW)
Interdepartment Company Use Interdepartment Company Use Interdepartment Company Use
2020 3 22 0 3 3 3
2021 3 22 1 3 3 3
2022 3 22 1 3 3 3
2023 3 22 1 3 3 3
2024 3 22 1 3 3 3
2025 3 22 1 3 3 3
2026 3 22 1 3 3 3
2027 3 22 1 3 3 3
2028 3 22 1 3 3 3
2029 3 22 1 3 3 3
2030 3 22 1 3 3 3
2031 3 22 1 3 3 3
2032 3 22 1 3 3 3
2033 3 22 1 3 3 3
2034 3 22 1 3 3 3
2035 3 22 1 3 3 3
2036 3 22 1 3 3 3
2037 3 22 1 3 3 3
2038 3 22 1 3 3 3
2039 3 22 1 3 3 3
2040 3 22 1 3 3 3
2041 3 22 1 3 3 3
2042 3 22 1 3 3 3
2043 3 22 1 3 3 3
2044 3 22 1 3 3 3
2045 3 22 1 3 3 3
2046 3 22 1 3 3 3
2047 3 22 1 3 3 3
2048 3 22 1 3 3 3
2049 3 22 1 3 3 3
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Table 2.2-16 Base Case: Losses by Major Customer Class

Energy Losses (GWh) Coincident Summer Demand Losses (MW) Coincident Winter Demand Losses(MW)
Commercial Commercial Commercial
Residential & Industrial Other FERC Residential & Industrial Other FERC Residential & Industrial  Other  FERC
2020 693 1,106 16 60 244 195 1 18 167 148 6 13
2021 671 1,059 19 39 237 212 1 10 167 155 7 13
2022 674 1,065 19 34 237 220 1 9 166 165 7 13
2023 678 1,077 20 32 237 220 1 8 166 164 7 13
2024 691 1,091 20 35 238 219 1 8 167 163 7 14
2025 704 1,106 20 34 239 220 1 9 169 165 7 14
2026 718 1,120 20 19 243 221 1 4 171 166 7 7
2027 731 1,132 20 19 246 223 1 4 173 168 7 7
2028 747 1,148 20 19 249 224 1 4 175 169 7 7
2029 764 1,157 20 20 250 225 1 4 178 171 7 7
2030 783 1,169 20 20 253 226 1 4 181 172 7 7
2031 804 1,183 20 19 256 228 1 4 183 174 7 7
2032 828 1,203 20 20 259 229 1 4 185 175 7 6
2033 852 1,214 20 20 261 230 1 4 187 177 7 6
2034 877 1,229 20 20 263 231 1 5 189 179 7 6
2035 902 1,250 20 20 265 234 1 5 192 182 7 6
2036 930 1,278 20 21 268 237 1 5 193 185 7 6
2037 955 1,296 20 21 269 239 1 5 196 188 7 7
2038 981 1,318 20 21 271 242 1 5 198 191 7 7
2039 1,008 1,337 20 21 274 245 1 5 201 194 7 7
2040 1,035 1,356 20 21 276 246 1 5 202 195 7 7
2041 1,060 1,365 20 22 277 246 1 5 205 197 7 7
2042 1,085 1,378 20 22 279 247 1 5 207 197 7 7
2043 1,108 1,392 20 0 282 247 1 0 209 198 7 0
2044 1,131 1,410 20 0 284 248 1 0 210 199 7 0
2045 1,153 1,419 20 0 285 248 1 0 212 200 7 0
2046 1,179 1,433 20 0 287 249 1 0 215 200 7 0
2047 1,206 1,447 20 0 290 249 1 0 217 201 7 0
2048 1,233 1,467 20 0 293 250 1 0 219 202 7 0
2049 1,254 1,476 20 0 294 250 1 0 221 203 7 0

Note: System Loss estimates cannot be made for the transmission and distribution levels because the
forecast was not developed at the transmission and distribution voltage level.
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Table 2.2-17 Future DSM Energy and Peak Impacts Used in Modeling

Coincident Summer Demand | Coincident Winter Demand
Energy Savings (GWh) Savings (MW) Savings (MW)
2020 503 96 89
2021 1,002 188 176
2022 1,502 275 258
2023 2,002 362 340
2024 2,408 449 422
2025 2,702 519 487
2026 3,002 572 537
2027 3,169 589 564
2028 3,345 611 594
2029 3,504 633 624
2030 3,672 655 653
2031 3,866 677 683
2032 4,071 705 717
2033 4,254 740 755
2034 4,449 774 792
2035 4,274 747 762
2036 4,111 719 732
2037 3,927 696 707
2038 3,753 674 682
2039 3,653 651 657
2040 3,663 640 645
2041 3,653 640 645
2042 3,653 640 645
2043 3,653 640 645
2044 3,663 640 645
2045 3,653 640 645
2046 3,653 640 645
2047 3,653 640 645
2048 3,663 640 645
2049 3,653 640 645
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Forecast Accuracy

Public Service reviews its demand and energy forecasts for accuracy annually. Tables
2.2-18 through 2.2-25 on the following pages compare the actual energy and demand
forecasts to the forecasted energy and system demands, as required by the Electric
Resource Planning rules. The Adjusted Actual Demand column in the summer peak
demand table (Table 2.2-20) accounts for the additional load served due to Comanche 3
being offline at the time of the peak. The forecasts assume Comanche 3 will be
operational, so this adjustment allows for a more direct comparison to the forecasts.
Figures 2.2-20 through 2.2-22 contain a graphical description of the forecasts.

Table 2.2-18 Native Energy Forecast Comparison (GWh)

Actual 2020 2019 2018 2017 2016
Energy |Forecast|Forecast|Forecast|Forecast|Forecast

2016, 32,856 33,107
2017| 32,929 34,622 | 33,258
2018| 33,363 33,459 | 34,248 | 33,176
2019| 33,282 33,739 | 33,988 | 34,638 | 33,503

2020| 34,319| 34,181| 34,353 | 34,383 | 34,731 | 33,692

Table 2.2-19 Forecast Energy Less Actual Energy (GWh)

Actual less Forecast Percent Difference
2020 2019 2018 2017 2016 2020 2019 2018 2017 2016

Forecast|Forecast|Forecast|Forecast|Forecast|Forecast|Forecast|Forecast|Forecast|Forecast

2016 -251 -0.8%

2017 -1,693 -328 -5.1% -1.0%

2018 -96 -885 187 -0.3% -2.7% 0.6%

2019 -457 -706| -1,356 -222 -1.4% -2.1% -4.1% -0.7%

2020 138 -34 -64 -412 627 0.4% -0.1% -0.2% -1.2% 1.8%
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Table 2.2-20 Coincident Summer Demand Forecast Comparison (MW)

Adjusted

Actual | Actual | 2020 2019 2018 | 2017 2016

Demand | Demand | Forecast| Forecast | Forecast | Forecast | Forecast
2016 6,580| 6,670 6,478
2017 6,767| 6,767 6,586 6,565
2018 6,758/ 6,758 6,566/ 6,618 6,628
2019 6,743| 6,992 6,795 6,638 6,658 6,682
2020 6,753 7,002 6,770, 6,803 6,690 6,709 6,712

Table 2.2-21 Forecast Demand Less Actual Summer Native Peak Demand (MW)

Actual less Forecast (MW)

Percent Difference

2020 2019 2018 2017 2016 2020 2019 2018 2017 2016
Forecast | Forecast | Forecast | Forecast | Forecast | Forecast| Forecast |Forecast|Forecast|Forecast
2016 192 2.9%
2017 182 203 2.7% 3.0%
2018 192 140 130 2.8% 2.1% 1.9%
2019 197 355 334 311 2.8% 5.1% 4.8% 4.4%
2020 232 199 312 293 290 3.3% 2.8% 4.5% 4.2% 4.1%

Table 2.2-22 Weather Normalized Coincident Summer Demand Forecast
Comparison (MW)

Weather

Normal | 2020 2019 2018 2017 2016

Demand |Forecast | Forecast | Forecast | Forecast | Forecast
2016 6,730 6,478
2017 6,499 6,586| 6,565
2018 6,933 6,566| 6,618/ 6,628
2019 7,050 6,795 6,638 6,658 6,682
2020 7,107 6,770 6,803 6,690 6,709 6,712
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Table 2.2-23 Forecast Demand Less Actual Weather Normalized Summer
Demand (MW)

Actual less Forecast (MW) Percent Difference
2020 2019 2018 2017 2016 2020 2019 2018 2017 2016
Forecast | Forecast | Forecast | Forecast | Forecast | Forecast | Forecast | Forecast | Forecast | Forecast
2016 252 3.7%
2017 -86 -65 -1.3%| -1.0%
2018 367 316 306 53%| 4.6%| 4.4%
2019 255 413 392 369 3.6%| 5.9%| 5.6%| 52%
2020 337 304 417 398 394 4.7%| 43%| 59%| 5.6%| 5.6%

Table 2.2-24 Coincident Winter Demand Forecast Comparison (MW)

Actual

Winter | 2019 2018 2017 2016 2015

Demand | Forecast | Forecast | Forecast | Forecast | Forecast
2015| 5,141 5,252
2016| 5,398 5,196| 5,275
2017 5,381 5,354| 5,258| 5,339
2018| 5,250 5,289| 5,346 5,309 5,386
2019| 5,069 5,304 5,330 5,390 5,345| 5,420

Table 2.2-25 Forecast Demand Less Actual Winter Demand (MW)

Actual less Forecast (MW) Percent Difference
2019 | 2018 | 2017 2016 | 2015 | 2019 2018 2017 2016 2015
Forecast | Forecast | Forecast | Forecast | Forecast | Forecast | Forecast | Forecast | Forecast | Forecast
2015 -111 -2.2%
2016 202 122 3.7%| 2.3%
2017 26 122 41 0.5%| 2.3% 0.8%
2018 -40 -96 -60 -137 -0.8%| -1.8%| -1.1%| -2.6%
2019 -235 -261 -321 -276 -351| -4.6%| -5.1%| -6.3%| -5.4%| -6.9%

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN

PusLIc SERVICE COMPANY OF COLORADO

VOLUME 2 - TECHNICAL APPENDIX

PAGE 72 OF 73




Figure 2.2-20 Forecast Comparison to Actual Native Energy

Actual and Forecasted Energy (GWh)
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Figure 2.2-21 Forecast Comparison to Actual Summer Native Peak Demand
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Figure 2.2-22 Forecast Comparison to Actual Winter Native Peak Demand

Actual and Forecasted Winter Demand
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Description and Justification

Tables 2.2-26 through 2.2-42 show the parameters associated with Public Service’s

econometric forecasting models.

2019

Table 2.2-26 Number of Residential Electric Customers

REGRESSION PERIOD: Jan 2006 through Jul 2020

NUMBER OF OBSERVATIONS: 161

LINEAR LEAST SQUARES MODEL WITH ARMA
ERRORS

Residential Customers = C1*Population + C2*Aug08 +

C3*Sep08
ARMA (1,0) process applied to errors
Variable | Coefficient | StdErr | T-Stat P-Value
Cl 338.234 2.367 | 142.903 0.00%
C2 2,092.251 | 381.199 5.489 0.00%
C3 1,847.215 | 377.435 4.894 0.00%
AR(1) 1.287 0.075| 17.127 0.00%
AR(2) (0.301) 0.074 | (4.090) 0.01%
SAR(1) 0.567 0.060 9.415 0.00%
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Table 2.2-27 Residential Electric Customers — Regression Statistics

Regression Statistics

Iterations 20
Adjusted Observations 161
Deg. of Fr m for

Erer?)ro eedom fo 155
R-Squared 1.000
Adjusted R-Squared 1.000
AIC 12.784
BIC 12.899
F-Statistic #NA
Prob (F-Statistic) #NA
Log-Likelihood (1252)

Model Sum of Squares

431,319,207,614.51

Sum of Squared Errors

53,289,232.37

Mean Squared Error 343,801.50
Std. Erro_r of 586.35
Regression

Mean Abs. Dev. (MAD) 442.17
Mean Abs. % Err. 0
(MAPE) 0.04%
Durbin-Watson

Statistic 2.05
Durbin-H Statistic #NA
Ljung-Box Statistic 43.77
Prob (Ljung-Box) 0.008

Frequency of historical data is monthly

Table 2.2-28 Residential Electric Customers — Definitions and Sources

Variable Definition/Source
Name

Customers Public Service

Residential | Public Service residential electric customers /

Population | Population for the following metro cities:
Denver, Aurora, Lakewood, Greeley, Boulder
and Grand Junction.
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Table 2.2-29 Residential Electric Sales per Customer

SAMPLE PERIOD: Jan 2003 through Jul 2020

NUMBER OF OBSERVATIONS: 209

ARMA ERRORS

LINEAR LEAST SQUARES MODEL WITH

AvgRes_Use = C1*Cooling + C2*Heating
+C3*Base + C4*Jan + C5*Jun + C76*Jul +
C7*Aug + C8*Dec + C9*Jan07 +C10*Augl2 +
C11*Covid 19 Impact)May2020

ARMA(1,0) process applied to errors

Variable | Coefficient | StdErr | T-Stat P-
Value
c1 0.996 | 0.042 | 23.459 | 0.00%
c2 0.997 | 0.029 | 34.160 | 0.00%
Cc3 0.982 | 0.014 | 68.628 | 0.00%
ca 61.603 | 5.704 | 10.800 [ 0.00%
C5 61.802 | 5.431| 11.379 | 0.00%
C6 91.385| 5.938| 15.389 | 0.00%
Cc7 57.456 | 7.065| 8.132 | 0.00%
Cs8 30.071 | 5.183| 5.801( 0.00%
C9 94.714 |1 20.397 | 4.644 | 0.00%
C10 (60.385) | 20.306 | (2.974) | 0.33%
C11 27.058 | 17.027 | 1.589 | 11.36%
AR(1) 0.349 | 0.071| 4.919| 0.00%
AR(2) 0.226 | 0.070| 3.213| 0.15%
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Table 2.2-30 Residential Electric Sales per Customer — Regression Statistics

Regression Statistics
Iterations 13
Adjusted Observations 209
Deg. of Freedom for Error 196
R-Squared 0.958
Adjusted R-Squared 0.955
AIC 6.175
BIC 6.383
F-Statistic #NA
Prob (F-Statistic) #NA
Log-Likelihood -028.89
Model Sum of Squares 2010606.26
Sum of Squared Errors 88729.84
Mean Squared Error 452.70
Std. Error of Regression 21.28
Mean Abs. Dev. (MAD) 16.20
Mean Abs. % Err. (MAPE) 2.5%
Durbin-Watson Statistic 2.01
Durbin-H Statistic #NA
Ljung-Box Statistic 64.29
Prob (Ljung-Box) 0.000
Frequency of historical data is monthly
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Table 2.2-31 Residential Electric Sales per Customer — Definitions and Sources

Variable Name Definition/Source

AvgRes_Use Residential kWh sales per
customer/Public Service

Cooling Coolindex * CoolUse

CoolUse = Price”(-0.15)) *
(Income per Household"0.2) *
(Household Size”0.25) * Cooling
Degree Days/Public Service, IHS
Markit.

Heating Heatindex * HeatUse

HeatUse = Price”(-0.15)) *
(Income per Household"0.2) *
(Household Size”0.25) * Heating
Degree Days/Public Service, IHS
Markit.

Base Baselndex * BaseUse

BaseUse = Price”(-0.15)) *
(Income per Household"0.1) *
(Household Size”0.46) * Cooling
Degree Days/Public Service, IHS
Markit.

Jan-Dec Binary variable for each month
except February, March, April,
May, September, October and
November

Jan07 Binary variable = 0 for all months
except January 2007 = 1

Augl2 Binary variable = 0 for all months
except August 2012 =1
COVID_19_Impact_May2020 | Binary variable = 1 beginning
May 2020 and slowly declines
throughout the forecast cycle
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Table 2.2-32 Commercial & Industrial Electric Sales

SAMPLE PERIOD: Jan 2006 through July 2020
NUMBER OF OBSERVATIONS: 175

LINEAR LEAST SQUARES MODEL WITH ARMA
ERRORS

MWh = C1*Cl_Custs + C2*XHeat + C3*XCool +
C4*XOther + C5*Feb + C6*Apr + C7*May + C8*Nov
+ C9*Apr2020 + C10*May2020 + C11*Jun2020

ARMA(1,0) process applied to errors

Variable | Coefficient StdErr T- P-
Stat | Value
Cl 6.30 0.20 31.61 | 0.00%
C2 0.55 0.09 5.99 | 0.00%
C3 0.91 0.07 13.25 | 0.00%
C4 0.28 0.03 11.03 [ 0.00%

C5 (103,952.25) | 13,544.97 | (7.67) | 0.00%
C6 (92,663.17) | 12,252.56 | (7.56) | 0.00%
c7 (66,950.08) | 12,636.10 | (5.30) | 0.00%
C8 (102,325.07) | 12,733.32 | (8.04) | 0.00%
C9 (68,127.74) | 43,201.78 | (1.58) | 11.67%
C10 | (135,227.88) | 43,675.28 | (3.10) | 0.23%
Cl1l |(161,781.10) | 42,014.75 | (3.85) | 0.02%
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Table 2.2-33 Commercial & Industrial Electric Sales — Regression Statistics

Regression Statistics
Iterations 1
Adjusted Observations 175
Deg. of Freedom for Error 164
R-Squared 0.87
Adjusted R-Squared 0.87
AIC 21.31
BIC 21.51
F-Statistic #NA
Prob (F-Statistic) #NA
Log-Likelihood (2,102.06)
Model Sum of Squares 1,932,019,165,378.14
Sum of Squared Errors 277,884,534,390.61
Mean Squared Error 1,694,417,892.63
Std. Error of Regression 41,163.31
Mean Abs. Dev. (MAD) 30,685.67
Mean Abs. % Err. (MAPE) 2.20%
Durbin-Watson Statistic 2.15
Durbin-H Statistic #NA
Ljung-Box Statistic 119.88
Prob (Ljung-Box) 0.00
Frequency of historical data is monthly
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Table 2.2-34 Commercial & Industrial Electric Sales — Definitions and Sources

Variable Definition/Source

Name

MWh Commercial/Industrial Electric
Sales/Public Service

Cl Custs Historical and forecasted
Commercial/Industrial customers/Public
Service

Cooling Coolindex * CoolUse
= Price”(-0.15)) * (Com.Output
Index™0.25) * Cooling Degree
Days/Public Service, IHS Markit.

Heating Heatindex * HeatUse
= Price”(-0.15)) * (Com.Output
Index"0.25) * Heating Degree
Days/Public Service, IHS Markit.

Base Baselndex * BaseUse
= Price”(-0.15)) * (Com.Output
Index"0.25) * Heating Degree
Days/Public Service, IHS Markit.

Feb, Apr, May [ Binary variable for each month February,

and Nov April, May and November

Apr 2020 Binary variable = 0O for all months except
April 2020 = 1

May 2020 Binary variable = 0O for all months except
May 2020 =1

Jun 2020 Binary variable = 0O for all months except

June 2020 =1
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Table 2.2-35 Electric Street and Highway Lighting Sales — Regression Statistics

Regression Statistics
Iterations 14
Adjusted Observations 161
Deg. of Freedom for Error 141
R-Squared 1.00
Adjusted R-Squared 0.99
AIC 10.72
BIC 11.10
F-Statistic 1,660.23
Prob (F-Statistic) 0.00
Log-Likelihood (1,071.28)
Model Sum of Squares 1,269,269,317.80
Sum of Squared Errors 5,673,495.80
Mean Squared Error 40,237.56
Std. Error of Regression 200.59
Mean Abs. Dev. (MAD) 122.18
Mean Abs. % Err. (MAPE) 0.86%
Durbin-Watson Statistic 2.07
Durbin-H Statistic #NA
Ljung-Box Statistic 20.90
Prob (Ljung-Box) 0.64
Frequency of historical data is monthly
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Table 2.2-36 Electric Street and Highway Lighting Sales — Definitions and

Sources

Variable Name Definition/Source

Streetlight Public Service Street and Highway
Lighting Electric Sales/Public Service

Mins_Lights Number minutes during the day that
do not have sunlight

Jan-Dec Binary variables for each month
except January, February and
December

Jan2013 Binary variable = 0 for all months
except January 2013 =1

Feb2013 Binary variable = 0O for all months
except February 2013 =1

Feb2016 Binary variable = 0O for all months
except February 2016 = 1

Nov2019 Binary variable = 0O for all months
except November 2019 = 1

Dec2019 Binary variable = 0O for all months
except December 2019 =1

Jan2020 Binary variable = O for all months
except January 2020 =1

Feb2020 Binary variable = O for all months
except February 2020 =1
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Table 2.2-37 Residential Contribution to System Peak Demand

SAMPLE PERIOD: Jan 2002 through Jul 2020
NUMBER OF OBSERVATIONS: 222
LINEAR LEAST SQUARES MODEL
Res_Coincident = C1*Res_Native_Adj + C2*May_CDD_Index_Cust +
C3*Jun_CDD_Index_Cust + C4*Jul_CDD_Index_Cust +
C5*Aug_CDD_Index_Cust + C6*Sep_CDD_Index_Cust
+C7*Oct_HDD_Index_Cust + C8*Nov_HDD_Index_Cust +
C9*Dec_HDD Index_Cust + C10*Jan_HDD Index_Cust +
Cl1*Feb_HDD_Index_Cust + C12*Mar_HDD_Index_Cust +
C13*Apr_HDD_Index_Cust +C14*Sep2014 + C15*Apr2016 +
C16*Sep08_LaborDay + C17*Hour_15 + C18*Hour_16 + C19*Hour_17 +
C20*Hour 18 + C21*Hour 19

ARMA(1,0,0) x (0,0,0) process applied to errors
Variable Coefficient StdErr T-Stat P-Value
Cl 0.0017642 0.0000563 31.35 0.00%
C2 0.0000230 0.0000032 7.25 0.00%
C3 0.0000420 0.0000017 25.29 0.00%
C4 0.0000434 0.0000015 28.43 0.00%
C5 0.0000444 0.0000018 24.61 0.00%
C6 0.0000453 0.0000025 180 0.00%
C7 0.0000023 0.0000011 2.04 4.22%
C8 0.0000029 0.0000008 3.80 0.02%
C9 0.0000059 0.0000006 9.95 0.00%
C10 0.0000053 0.0000007 7.72 0.00%
Cl1 0.0000040 0.0000007 5.75 0.00%
Cl2 0.0000033 0.0000009 3.76 0.02%
C13 0.0000033 0.0000012 2.76 0.63%
Cl4 809.50 135.46 5.98 0.00%
C15 (485.67) 136.67 (3.55) 0.05%
C16 727.04 135.52 5.37 0.00%
C17 (380.66) 77.83 (4.89) 0.00%
C18 (261.86) 50.31 (5.21) 0.00%
C19 (123.15) 46.42 (2.65) 0.86%
C20 165.78 45.61 3.63 0.04%
C21 186.87 45.56 4.10 0.01%
AR(1) 0.167 0.07 2.32 2.16%
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Table 2.2-38 Residential Contribution to System Peak Demand — Regression

Statistics
Regression Statistics
Iterations 11
Adjusted Observations 222
Deg. of Freedom for Error 200
R-Squared 0.909
Adjusted R-Squared 0.899
AIC 9.89
BIC 10.23
F-Statistic #NA
Prob (F-Statistic) #NA|
Log-Likelihood -1,391.17
Model Sum of Squares 35,820,520.10
Sum of Squared Errors 3,605,189.88
Mean Squared Error 18,025.95
Std. Error of Regression 134.26
Mean Abs. Dev. (MAD) 101.45
Mean Abs. % Err. (MAPE) 5.9%
Durbin-Watson Statistic 2.03
Durbin-H Statistic #NA
Ljung-Box Statistic 22.75
Prob (Ljung-Box) 0.53
Skewness 0.077
Frequency of historical data is monthly
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Table 2.2-39 Residential Contribution to System Peak Demand — Definitions
and Sources

Variable Name Definition/Source

Res_Conincident | Residential class contribution to system
peak (MW) / Public Service
Res_Native_Adj | 12 month moving average of actual and
forecast Residential kWh sales / Public
Service (calculated internally in the sales
model)

CDD_Index_Cust | Max Cooling Degree Days (base 65) *
Residential Cooling Index * Customer
counts for the months of May, June, July,
August and September
HDD_Index_Cust | Max Heating Degree Days (base 65) *
Residential Heating Index * Customer
counts for the months of October,
November, December, January, February,
March and April

Sep2014 Binary variable = 0 for all months except
September 2014 =1

Apr2016 Binary variable = 0O for all months except
April 2016 = 1

Sep08_LaborDay | Binary variable = 0 for all months except
September 2008 =1

Peak Hr_Bin Binary variable = 0O for all months except for
hours_15, hour_16, hour_17, hour_18 and
hour_19 =1 if the peak occurred in the
designated hour
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Table 2.2-39 Non-Residential Contribution to System Peak Demand

SAMPLE PERIOD: Jan 2002 through Jul 2020

NUMBER OF OBSERVATIONS: 150

LINEAR LEAST SQUARES MODEL

NonRes_Coincident = C1 + C2*NonRes_Native Adj +

C3*Jun_CDD_Index_Cust + C4*Jul_CDD_Index_Cust +

C5*Aug_CDD_Index_Cust + C65*Sep_CDD_Index_Cust + C7*Jan +

C8*Feb + C9*Mar + C10*Apr + C11*Oct + C12*Nov + C13*Dec +

C14*Apr2006 + C15*Apr2007 + C16*Sep2008 + C17*Apr2012 +

C18*May2015 + C19*May2017 + C20*Hour_18 + C21*COVID_April

Variable Coefficient StdErr T-Stat P-Value
Cl 2,065.49 262.73 7.86 0.00%
C2 0.000613 0.00 3.67 0.03%
C3 0.000136 0.00 5.19 0.00%
C4 0.000189 0.00 8.26 0.00%
C5 0.000183 0.00 6.75 0.00%
C6 0.000098 0.00 2.37 1.87%
C7 (470.13) 51.41 (9.14) 0.00%
C8 (472.48) 51.94 (9.10) 0.00%
C9 (621.83) 52.25 (11.90) 0.00%
C10 (708.73) 54.88 (12.91) 0.00%
Cll (418.54) 52.33 (8.00) 0.00%
C12 (317.14) 53.45 (5.93) 0.00%
C13 (313.14) 53.46 (5.86) 0.00%
Cl4 674.12 171.33 3.93 0.01%
C15 780.63 170.68 4.57 0.00%
C16 (763.86) 168.24 (4.54) 0.00%
C17 697.81 170.70 4.09 0.01%
C18 (610.76) 169.83 (3.60) 0.04%
C19 (460.41) 170.73 (2.70) 0.76%
C20 (119.70) 32.11 (3.73) 0.03%
C21 (298.60) 87.49 (3.41) 0.08%
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Table 2.2-40 Non-Residential Contribution to System Peak Demand —

Regression Statistics

Regression Statistics

Iterations 1
Adjusted Observations 223
Deg. of Freedom for Error 202
R-Squared 0.852
Adjusted R-Squared 0.837
AIC

10.31
BIC 10.63
F-Statistic 58.01
Prob (F-Statistic) 0.00
Log-Likelihood (1,444.64)
Model Sum of Squares 31,764,065.08
Sum of Squared Errors 5,530,011.33
Mean Squared Error 27,376.29
Std. Error of Regression 165.46
Mean Abs. Dev. (MAD) 118.26
Mean Abs. % Err. (MAPE) 0.04
Durbin-Watson Statistic 1.74
Durbin-H Statistic #NA
Ljung-Box Statistic 30.83
Prob (Ljung-Box) 0.159

Frequency of historical data is monthly
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Table 2.2-41 Non-Residential Contribution to System Peak Demand —

Definitions and Sources

Variable Name

Definition/Source

NonRes_Conincident

Commercial and industrial class contribution to system
peak (MW) / Public Service

NonRes_SalesTrend

12 month moving average of actual and forecast Non-
Residential kwh sales / Public Service (calculated
internally in the sales model)

CDD_Index_Cust

Max Cooling Degree Days (base 65) * Residential
Cooling Index * Customer counts for the months of
June, July, August and September

Jan-Dec Binary variables for each month except May, June, July,
August and September

Apr2006 Binary variable = 0O for all months except April 2006 = 1

Apr2007 Binary variable = 0 for all months except April 2007 = 1

Sep2008 Binary variable = 0O for all months except September
2008 =1

Apr2012 Binary variable = 0O for all months except April 2012 =1

May2015 Binary variable = 0O for all months except May 2015 =1

May2017 Binary variable = 0O for all months except May 2017 =1

Hour_18 Binary variable = 0O for all months except for hour_18 =1
if the peak occurred in the designated hour

COVID_April Binary variable = 1 beginning April - December 2020;
0.5 from January - December 2021; O for all other
months
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2.3 TYPICAL DAY LOAD PATTERNS

In this Section, the Company provides typical day load patterns on a system-wide basis
for each major customer class (by voltage level), provided for peak day, average day,
and representative off-peak days for each calendar month as required by Rule
3606(a)(VI).

The following monthly class load shapes are developed from Company load research
data for the year 2019. The following statistics were used for each requirement:

Requirement Statistic

Peak Day System Peak Day

Average Day Average Weekday Excluding Holidays
Representative Off-Peak Day Average Weekends and Holidays

The residential and commercial and industrial profiles were developed from aggregated
load research classes. These profiles were calculated using the population weighted
average load of all the rate classes in each group.

Figures 2.3-1 through 2.3-60 in this section contain tables and graphs for each of the
load patterns described above. The figures are grouped according to the following
categories:

Residential Figures 2.3-1 through 2.3-12
Commercial & Industrial (Secondary) Figures 2.3-13 through 2.3-24
Commercial & Industrial (Primary) Figures 2.3-25 through 2.3-36
Commercial & Industrial (Transmission) Figures 2.3-37 through 2.3-48
Wholesale Figures 2.3-49 through 2.3-60

The wholesale data provided for two wholesale customers who are part owners in
Comanche Unit 3 contains their total load. Public Service is required to serve their total
load in the event that Comanche 3 is not online. In addition, the Western Area Power
Administration (“WAPA”) allocations for the wholesale data are not subtracted from the
total load provided because hourly WAPA data is not available.
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Figure 2.3-1 January Residential Daily Load Profiles

System Average Average

Hour | Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 1.0340 0.7603 0.7943

2 0.9686 0.7230 0.7524 RESIDENTIAL - January

3 0.9151 0.71127 0.7210

4 0.9145 0.7065 0.7079 2.00

5 0.9062 0.7411 0.720 1.80

5 0.8833 0.8064 0.7489 1.60

7 0.9358 0.9206 0.7904 1.40

8 0.9698 1.0020 0.8588 1.20

9 1.0366 0.8990 0.9446 E 1.00

10 1.0945 0.8432 0.9484 0.80

11 1.1018 0.8292 0.9508 060

12 1.0987 0.8098 0.9581 0.40

13 1.1368 0.8058 09570 0.20

14 1.0325 0.7617 0.9357 0.00

15 1.0682 0.7677 09316 12 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24
16 1.1465 0.7819 09435 Hour

17 1.2024 0.8744 1.0282 SystemPeak Day Average Weekday —  ------ee- Average We ekendHolidays
18 1.3021 1.0852 1.1825

19 1.4900 1.2014 1.2332

20 1.3853 1.2135 1.1979

21 1.3402 1.2068 1.1864

22 1.2559 1.1081 1.0972

23 1.1130 0.9493 0.9499

24 1.0045 0.8362 0.8489

Figure 2.3-2 February Residential Daily Load Profiles
System Average Average

Hour | Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 06823 0.7382 0.7555

2 0.6576 0.7145 0.7161 RESIDENTIAL - February
3 06743 0.7040 07034

4 0.6608 0.6979 0.6886

5 0.6996 0.7356 0.7083

§ 0.7586 0.7980 0.7443

7 0.8865 0.9138 0.7935

8 0.9456 0.9702 0.8596

9 0.8863 0.8701 0.9186

10 0.8375 0.8197 0.9348

11 0.8927 0.8101 0.8895

12 0.8553 0.7833 0.8878

13 0.9298 0.7709 0.8902

14 0.9125 0.7687 0.9452 12 3 456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24
15 0.9076 0.7592 0.9219 Hour

16 1.0239 0.7784 09137

17 1.0997 0.8522 0.9816 SystemPeakDay Average Weekday ----- Average WeekendHolidays
18 1.2924 1.0237 1.0845

19 1.4816 1.1883 1.1680

20 1.3893 1.2005 1.1464

21 1.2868 1.1726 11311

22 1.2454 1.0817 1.0511

23 1.0382 0.9312 0.9093

24 0.9035 0.8022 07977
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Figure 2.3-3 March Residential Daily Load Profiles

RESIDENTIAL DAILY LOAD PROFILES

System Average Average

Hour | Peak Day (kW) Weekday (kW) [ Weekend/Holidays (kW)

1 0.8101 0.6672 0.6852

0.7600 0.6255 0.6418 RESIDENTIAL - March

3 0.7599 0.6082 0.6321

4 0.7692 0.6116 0.6232 2.00

5 0.7755 0.6394 0.6391 1.80 1

6 0.8010 0.7133 0.6743 160 1

7 0.8346 0.8176 0.7203 140 1

8 1.0140 0.8704 0.8066 120 1

9 1.1044 0.7932 0.8695 2 1001

10 1.0854 0.7514 0.9172 080 1

11 1.1207 0.7262 0.9208 060 1

12 1.1200 0.7214 0.8918 040 1

13 1.1165 0.7088 0.8711 020 1

14 1.2036 0.6921 0.8831 000 1 2 3 4 5 6 7 8 9 1011 1213 141516 17 18 19 20 21 22 23 24
15 1.2051 0.6859 0.8755 Hour

16 1.2009 0.7050 0.8645

17 1.1884 0.7787 0.8950 System Peak Day Awerage Weekday =~ ------eee Average Weekend/MHolidays
18 1.3265 0.8734 0.9618

19 1.4348 0.9900 1.0236

20 1.4328 1.0476 1.0615

21 1.3063 1.0398 1.0451

22 1.2263 0.9835 0.9870

23 1.0216 0.8552 0.8936

24 0.9438 0.7476 0.8068

Figure 2.3-4 April Residential Daily Load Profiles

RESIDENTIAL DAILY LOAD PROFILES

System Average Average

Hour [ Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 0.5061 0.5705 0.5807 )

0.4796 0.5286 0.5318 RESIDENTIAL - April

3 0.4671 0.5084 0.4957

4 0.4394 0.5022 0.4866 200

5 0.4857 0.5230 0.4869 1804

6 0.5506 0.5990 0.5363 160

7 0.6606 0.6963 0.5790 1404

8 0.7063 0.7502 0.6486 120 1

9 0.6724 0.6863 0.7001 g 1004

10 0.7029 0.6688 0.7617 0.80 1

11 0.7689 0.6679 0.7878 0.60 1

12 0.7040 0.6612 0.7859 0.40 1

13 0.6934 0.6518 0.7906 0.20 1

14 0.7423 0.6489 0.7948 000 12 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24
15 0.7795 0.6490 0.7779 Hour

16 0.8321 0.6687 0.7733

17 0.9573 0.7233 0.7898 System Peak Day Average Weekday =~ -=-=---=- Average Weekend/Holidays
18 1.0460 0.8024 0.8408

19 1.1453 0.8867 0.8465

20 1.1562 0.9398 0.9000

21 1.1252 0.9479 0.9149

22 1.0167 0.9138 0.8835

23 0.9149 0.8067 0.7712

24 0.7697 0.6705 0.6514
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Figure 2.3-5 May Residential Daily Load Profiles

RESIDENTIAL DAILY LOAD PROFILES

System Average Average
Hour | Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)
1 0.5517 0.5718 0.5532
0.5146 0.5204 0.4953 RESIDENTIAL -May
3 0.4613 0.5010 0.4739 200
4 0.4564 0.4960 0.4624
5 0.4503 0.5069 0.4664 180 4
6 0.5047 0.5809 0.4970 160 1
7 0.5934 0.6559 0.5455 1404
8 0.6704 0.7058 0.6205 1.20 1
9 0.5954 0.6471 0.6723 g 100
10 0.5856 0.6373 0.6941 080 1
1 0.6073 0.6303 0.7318 060 1
12 0.6920 0.6417 0.7212 040 1
13 0.7222 0.6445 0.7163 0201
14 0.7669 0.6557 0.7271 000 23456 7 8 91011121314 1516 17 18 19 20 21 22 23 24
15 0.7952 0.6630 0.7208 Hour
16 0.8904 0.6860 0.7322
17 0.9797 0.7551 0.7688 System Peak Day Average Weekday - Average Weekend/Holidays
18 1.0615 0.8530 0.8350
19 1.2133 0.9139 0.8426
20 1.2220 0.9275 0.8605
21 1.2215 0.9368 0.9005
22 1.1289 0.8977 0.8573
23 0.9351 0.7922 0.7735
24 0.8081 0.6691 0.6547
Figure 2.3-6 June Residential Daily Load Profiles
RESIDENTIAL DAILY LOAD PROFILES
System Average Average
Hour | Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)
1 0.9066 0.6289 0.6955
0.7359 0.5497 0.6160 RESIDENTIAL - June
3 0.6633 0.5009 0.5535
4 0.6107 0.4718 0.5186 200
5 0.5489 0.4702 0.5017 1.80
6 0.5718 0.5154 0.5126 1.60
7 0.6203 0.5625 0.5572 1.40
8 0.6301 0.6096 0.6342 1.20
9 0.7567 0.6201 0.7240 2 100
10 0.8068 0.6324 0.8117 080
11 0.9836 0.6815 0.8787 060
12 1.1434 0.7426 0.9333 040
13 1.3891 0.8142 1.0150 020
14 1.5854 0.8733 1.0657 000 1 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24
15 1.7326 0.9432 1.0881 Hour
16 1.9764 1.0116 1.0692
17 2.0652 1.0927 1.1204 System Peak Day Awerage Weekday =~ =-=------ Average Weekend/Molidays
18 2.1068 1.1757 1.1301
19 2.1044 1.2133 1.1341
20 1.9300 1.1808 1.0680
21 1.7940 1.1314 1.0404
22 1.7003 1.0984 1.0294
23 1.6012 0.9664 0.9114
24 1.2592 0.8003 0.7627
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Figure 2.3-7 July Residential Daily Load Profiles

RESIDENTIAL DAILY LOAD PROFILES

System Awerage Awerage
Hour | Peak Day (kW) Weekday (kW) [ Weekend/Holidays (kW)
1 1.1788 0.8503 0.8948
2 0.9660 0.7379 0.7768 RESIDENTIAL - July
3 0.8253 0.6605 0.6988 200
4 0.7576 0.6047 0.6407
5 0.6530 05766 0.6038 180
6 0.6676 0.5984 0.5844 160
7 0.7361 0.6425 0.6000 1.40
8 0.8268 0.7103 0.6905 120
9 0.9381 0.7909 0.8363 g 100
10 1.0678 0.8695 0.9519 0.80
1 1.2203 0.9635 1.0555 0.60
12 1.3061 1.1226 1.1984 040
13 1.5206 1.2504 1.3401 020
1 17320 14177 1.4701 000 1 2 3 45 6 7 8 9 101112 13141516 17 18 19 20 21 22 23 24
15 1.8671 1.5386 1.5602 Hour
16 1.9801 1.6338 1.6386
17 2.1452 1.7080 1.6813 System Peak Day Awerage Weekday =~ =--=-e-e Average Weekend/MHolidays
18 2.1257 1.7756 1.6733
19 2.0519 1.8007 1.5989
20 1.9466 1.6636 1.4733
21 2.0095 1.5468 1.3259
22 1.8873 1.4441 1.2713
23 1.6760 1.2857 1.1523
2 1.5467 1.0857 0.9808
Figure 2.3-8 August Residential Daily Load Profiles
RESIDENTIAL DAILY LOAD PROFILES
System Awerage Average
Hour | Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)
1 0.9634 0.8232 0.8380
2 0.7846 0.7095 0.7192 RESIDENTIAL - August
3 0.7279 0.6352 0.6518
4 0.6268 0.5826 0.6059 200
5 0.5871 0.5626 0.5686 1804
6 0.6047 05932 0.5624 1604
7 0.6942 0.6549 0.5752 1409
8 0.7524 0.6928 0.6459 120 4
9 0.7819 0.7267 0.7590 g 1004
10 0.8340 0.7721 0.8769 0.80 1
1 1.0145 0.8801 1.0337 0.60 1
12 1.1545 1.0010 1.1623 0.40 1
13 1.3438 1.1557 1.3335 0.20 1
14 1.5966 1.3033 1.5005 000 1 2 3 45 6 7 8 9 1011121314 151617 18 19 20 21 22 23 24
15 1.7627 1.4249 1.5889 Hour
16 1.8765 1.5259 1.6589
17 1.9725 1.6278 1.7131 System Peak Day Average Weekday =~ ------ee- Average Weekend/MHolidays
18 2.0925 1.7270 1.7594
19 2.1324 1.7069 1.6940
20 1.9657 1.5830 1.5990
21 1.8617 1.4675 1.4598
22 1.6239 1.3465 1.3562
23 1.3954 1.1560 1.1015
24 1.1356 0.9825 1.0051
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Figure 2.3-9 September Residential Daily Load Profiles

RESIDENTIAL DAILY LOAD PROFILES

System Average Average
Hour | Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)
1 0.9109 0.6403 0.6414
2 0.8018 0.5603 0.5643 RESIDENTIAL - September
3 0.7335 0.4983 0.5184
4 0.6552 0.4772 0.4837 200
5 0.5999 0.4695 0.4644 180
6 0.5832 0.5219 0.4799 160
7 0.6120 0.5895 0.5231 140
8 0.6691 0.6208 0.5820 120
9 0.8305 0.6060 0.6632 2 100
10 0.9960 0.5988 0.7244 080
11 1.3375 0.6306 0.8316 060
12 1.5885 0.6923 0.9000 040
13 1.8194 0.7959 1.0203 020
14 1.9995 0.9051 1.1559 000 1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24
15 2.0479 1.0191 1.2557 Hour
16 2.1587 1.1012 1.3462
17 2.2251 1.1861 1.4035 System Peak Day Average Weekday =~ =--=---=- Average WeekendMHolidays
18 2.3110 1.2465 1.4278
19 2.1447 1.2676 1.3705
20 2.0304 1.2280 1.2014
21 1.8435 1.1490 1.1834
22 1.6465 1.0213 1.0628
23 1.2699 0.8864 0.9264
24 1.0881 0.7399 0.7820
Figure 2.3-10 October Residential Daily Load Profiles
RESIDENTIAL DAILY LOAD PROFILES
System Average Average
Hour | Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)
1 0.6687 0.5581 0.5316
0.6507 0.5160 0.4837 RESIDENTIAL - October
3 0.6184 0.5015 0.4761
4 0.6007 0.4960 0.4759 2.00
5 0.6548 05151 0.4810 1.80
6 0.7073 05774 05147 1.60
7 0.7941 0.6682 0.5701 140
8 0.8997 0.7502 0.6613 120
9 0.8861 0.7072 0.7187 Z 100
10 0.8771 0.6565 0.7334 080
11 0.8793 0.6491 0.7502 060
12 0.8565 0.6533 0.7628 040
13 0.8820 0.6531 0.7694 020
14 0.8552 0.6266 0.7545 0.00
123456 7 8 91011121314 151617 18 19 20 21 22 23 24
15 0.8438 0.6308 0.7347 Hour
16 0.8436 0.6687 0.7782
17 0.9576 0.7277 0.7805 System Peak Day Average Weekday --------- Average Weekend/Holidays
18 1.0900 0.8196 0.8464
19 1.1668 0.9284 0.8967
20 1.2478 0.9850 0.9123
21 1.1682 0.9425 0.8817
22 1.0435 0.8509 0.7919
23 0.8922 0.7398 0.7270
24 0.8005 0.6303 0.6211
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Figure 2.3-11 November Residential Daily Load Profiles

RESIDENTIAL DAILY LOAD PROFILES

System Average Average

Hour | Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 0.7448 0.6315 0.6713

0.7025 0.6017 0.6262 RESIDENTIAL - November

3 0.7223 0.5093 0.6091

4 0.7220 0.6018 0.6076 200

5 0.7431 0.6236 0.6130 1.80

6 0.8262 0.6892 0.6438 1.60

7 0.8952 0.7930 0.7161 140

8 0.9800 0.8450 0.8142 1.20

9 0.9585 0.7923 0.8755 Z 100

10 0.9567 0.7471 0.8758 080

1 0.8888 0.7433 0.8723 060

12 0.8391 0.7330 0.8608 040

13 0.9430 0.7369 0.8526 020

14 0.9312 0.7290 0.6246 0.00 1 2 3 4 5 6 7 8 9 10111213 14151617 18 19 20 21 22 23 24
15 0.9270 0.7282 0.8180 Hour

16 0.9744 0.7623 0.8438

17 1.1334 0.8677 0.9228 System Peak Day Awerage Weekday =~ --------- Average Weekend/MHolidays
18 1.2204 1.0096 1.0265

19 1.3083 1.1025 1.0636

20 1.3218 1.0784 1.0196

21 1.2257 1.0337 0.9874

2 1.1423 0.9574 0.9160

23 1.0201 0.8251 0.8192

24 0.9342 0.7231 0.7237

Figure 2.3-12 December Residential Daily Load Profiles

System Average Average

Hour | Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 0.7444 0.7290 0.7619

9 0.6878 0.6991 0.7104 RESIDENTIAL - December

3 0.7046 0.6820 0.6973 -

4 0.7092 0.6861 0.6861

5 0.7202 0.6990 0.6898 1801

5 0.8007 0.7713 0.7400 1.60

7 0.9652 0.8893 0.7958 140

8 1.0401 0.9386 0.8986 120

9 0.9148 0.9020 0.9688 g 1004

10 0.8674 0.8502 0.9580 0.80

11 0.9180 0.8347 0.9654 0.60 1

12 0.8861 0.8199 0.9586 0.40

13 0.8921 0.8180 0.9586 020

14 0.8339 0.8013 0.9318 000 1 2 3 4 56 7 8 91011 1213141516 1718 19 20 21 22 23 24
15 0.7928 0.7769 0.9274 Hour

16 0.8768 0.8046 0.9524

17 1.1237 0.9521 1.0697 SystemPeakDay Average Week day Average Weekend/Holidays
18 1.3740 1.1541 1.1861

19 1.4483 1.2249 1.2118

20 1.4747 1.2072 1.1897

21 1.3893 11714 1.1497

22 1.3300 1.1013 1.0852

23 1.0504 0.9518 0.9501

24 0.8776 0.8176 0.8357

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 96 oF 97



Figure 2.3-13 Commercial and In

dustrial (Secondary) January Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 9.1801 8.0618 7.8869

2 0.1301 8.0197 7.8467 COMMERCIAL & INDUSTRIAL (SECONDARY) - January
3 9.1045 8.1045 7.8889

4 9.0036 8.2466 7.9051 2

5 9.1481 8.6021 8.0404

6 9.3852 9.4381 8.2357

7 9.5355 10.7221 8.5608

8 9.5811 11.8228 8.6594

9 9.5764 12.6312 8.6897

10 9.4219 12.9274 8.7281

11 9.4338 12.9834 8.7437

12 9.3701 12.7175 8.6469 41

13 9.2435 12.4676 8.4807 21

14 9.0480 12.3429 8.2829 o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 8.9233 12.1199 8.1215 Hour

16 8.8792 11.6754 7.9908

17 9.1737 11.0566 8.0922 System Peak Day Average Weekday =~ =---=---- Average Weekend/MHolidays
18 9.6468 10.5407 8.3701

19 9.4723 9.7941 8.2675

20 9.3419 9.4207 8.2289

21 9.2987 9.0989 8.1327

22 9.1539 8.7063 7.9837

23 9.0413 8.3461 7.8618

24 8.8976 8.1686 7.7844

Figure 2.3-14 Commercial and Industrial (Secondary) February Daily Load

Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 7.5777 8.1328 7.8011

2 75102 81017 7779 COMMERCIAL & INDUSTRIAL (SECONDARY) - February
3 7.6330 8.2326 7.8547

4 7.8705 8.3558 7.8843 B

5 8.3001 8.6482 7.9938 181

6 9.3229 9.5286 8.1690

7 10.7760 10.7843 8.4227

8 11.8941 11.7853 8.3812

9 12.9735 12.6819 8.4589

10 13.6352 13.0222 8.5269

11 13.8012 13.0621 8.5090

12 13.6340 12.8555 8.4669 41

13 13.5310 12.5790 8.4094 21

14 13.2975 12.4618 8.3184 0

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 12.8870 12.2458 8.2203 Hour

16 12.4361 11.8284 8.1474

17 11.8815 11.2034 8.2095 System Peak Day Average Weekday =~ -------=- Average Weekend/MHolidays
18 11.4108 10.5309 8.3204

19 10.7991 9.9452 8.4143

20 10.4789 9.5884 8.3325

21 10.2556 9.2988 8.2446

22 9.9578 8.8700 8.0997

23 9.5522 8.4419 7.9513

24 9.3006 8.2629 7.9027
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Figure 2.3-15 Commercial and Industrial (Secondary) March Daily Load Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 8.8133 7.4089 7.3268

2 8.7094 7.3754 7.2802 COMMERCIAL & INDUSTRIAL (SECONDARY) - March
3 8.7373 7.4450 7.3629

4 8.8144 7.5406 7.3789 0

5 8.8965 7.8256 7.4486

6 9.0334 8.6074 7.7373

7 9.1104 9.7882 7.9885

8 8.9584 10.7922 7.9915

9 9.1255 11.6864 8.0708

10 9.0993 12.0492 8.2032

11 9.0810 12.1279 8.2699

12 8.9879 11.9226 8.2380

13 9.0632 11.6448 8.1345 21

14 9.0992 11.6503 8.0403

12 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24

15 9.3608 11.4638 7.9044 Hour

16 9.5962 11.0689 7.7360

17 9.5591 10.4452 7.7248 System Peak Day Average Weekday -- Average Weekend/Holidays
18 9.4718 9.5301 7.6053

19 9.5863 8.9025 7.6831

20 9.5003 8.7550 7.8345

21 9.5768 8.4838 7.8742

22 9.3582 8.1230 7.6956

23 9.1487 7.7215 7.5428

24 9.1636 7.5332 7.4754

Figure 2.3-16 Commercial and Industrial (Secondary) April Daily Load Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Awerage Awerage

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 6.8932 6.9812 6.7729 .

5 6.7038 6.8704 6.6636 COMMERCIAL & INDUSTRIAL (SECONDARY) - April

3 6.6955 6.8847 6.6113

4 6.7362 6.9850 6.6139 20

5 6.9334 7.2107 6.6241

6 7.8174 8.0933 6.8462

7 9.0927 9.2244 6.9877

8 10.4002 10.5013 7.1119

9 11.4927 11.7435 7.5861

10 12.7636 12.3077 7.8792

11 12.9932 12.5603 7.9938

12 13.1203 12.7395 8.0476

13 12.9864 12.6009 7.9975 2 1

14 13.0857 12.5706 7.9117

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 11.9328 12.4300 7.8169 Hour

16 10.8428 11.9169 7.5911

17 10.1698 10.9660 7.4616 System Peak Day Awerage Weekday =~ -=--e-ees Average WeekendMHolidays
18 9.5243 9.6038 7.1754

19 9.0725 8.7060 7.0012

20 9.0481 8.6545 7.0335

21 8.9750 8.5531 7.1060

22 8.6378 8.0465 6.9633

23 8.2348 7.5166 6.8427

24 8.1613 7.2951 6.7480
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Figure 2.3-17 Commercial and Industrial (Secondary) May Daily Load Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Average Awverage

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 7.3272 7.0383 6.5639

5 7.0923 6.8038 6.3580 COMMERCIAL & INDUSTRIAL (SECONDARY) - May
3 7.0307 6.8848 6.2946

4 7.0912 6.9853 6.3626 20

5 7.2440 7.1505 6.3197 18

6 8.0171 7.9677 6.5061 16

7 8.9599 8.9055 6.5093

8 10.4192 10.3264 6.8168

9 11.6464 11.4377 7.2239

10 12.2384 11.9797 7.5425

11 12.7969 12.2239 7.7097

12 13.0621 12.3421 7.7795

13 13.0543 12.1607 7.7737

14 13.2535 12.2652 7.7762

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 13.9844 12.0902 7.6613 rour

16 14.0751 11.6594 7.5420

17 13.1081 10.8704 7.3238 System Peak Day Awerage Weekday =~ -----eeee Average WeekendMHolidays
18 11.5610 9.8582 7.0525

19 9.6762 8.6185 6.8619

20 9.3655 8.4392 6.7435

21 9.3614 8.3663 6.9237

22 8.4056 7.8822 6.9269

23 7.6922 7.4020 6.8453

24 7.4015 7.2021 6.6986

Figure 2.3-18 Commercial and Industrial (Secondary) June Daily Load Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 8.2342 7.2662 7.1244

7.9148 7.0382 6.8613 COMMERCIAL & INDUSTRIAL (SECONDARY) - June

3 7.7580 6.9082 6.6963

4 7.7638 6.9700 6.6072 20

5 7.9003 7.1924 6.6022

6 8.7993 8.1223 6.8043

7 9.5653 9.0056 6.8319

8 11.5742 10.8146 7.3376

9 12.5589 11.8441 7.9160

10 13.9837 12.5424 8.5260

11 14.3202 12.9513 8.9193

12 15.5963 13.5316 9.2800

13 15.5549 13.6403 9.4809 21

14 15.7393 13.7959 9.2787

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 15.9082 13.6900 8.8701 Hour

16 15.3729 13.2182 8.6856

17 14.0102 12.4821 8.4795 System Peak Day Average Weekday --------- Average Weekend/MHolidays
18 12.6474 11.2224 8.1268

19 11.2818 9.7895 7.7807

20 10.2518 9.1906 7.5527

21 9.7681 9.0358 7.5669

22 9.5544 8.7088 7.6570

23 8.8647 8.0255 7.5089

24 8.5155 7.6326 7.3252

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 99 oF 100



Figure 2.3-19 Commercial and Industrial (Secondary) July Daily Load Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Average Awerage

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 9.0783 8.0027 7.6917

8.8720 7.8331 7.4190 COMMERCIAL & INDUSTRIAL (SECONDARY) - July

3 8.5332 7.7117 7.2399

4 8.6284 7.8077 7.2088 20

5 9.0068 8.1698 7.2325

6 9.8149 9.2178 7.5499

7 10.6909 10.0479 7.5285

8 11.9170 11.5980 8.0163

9 13.0779 12.8059 8.6117

10 14.7692 13.8259 9.1673

11 15.6796 14.5455 9.4970

12 16.1718 15.2882 10.1098

13 16.4481 15.4343 10.3602

14 16.6515 15.6282 10.2250

12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 16.6154 15.6175 10.1967 our

16 16.4181 15.0668 10.0472

17 15.8568 13.8148 9.9868 System Peak Day Average Weekday ~— --------- Average Weekend/Holidays
18 14.5407 12.6066 9.5703

19 12.6133 11.1701 9.0642

20 11.6082 10.1822 8.6901

21 11.6868 10.0358 8.5599

22 11.2800 9.7073 8.4853

23 10.4008 8.8900 8.1668

24 9.1916 8.4646 7.8696

Figure 2.3-20 Commercial and Industrial (Secondary) August Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Awerage Average

Hour Peak Day (kW) Weekday (KW) Weekend/Holidays (kW)

1 8.3524 8.2093 7.8646

5 8.0624 7.9774 7.5598 COMMERCIAL & INDUSTRIAL (SECONDARY) - August

3 7.8895 7.8866 7.4504

4 7.9337 8.0394 7.4569 20

5 8.5569 8.5570 7.5289

6 9.6718 9.4993 7.7174

7 10.6054 10.4172 7.7789

8 12.1824 11.8404 8.0605

9 13.7008 13.2121 8.6559

10 14.6722 14.2032 9.2778

11 15.6795 14.8591 9.8123

12 16.2390 15.4136 10.3336 41

13 16.3978 15.5626 10.5341 2 1

14 16.7098 15.7291 10.5147

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 16.8249 15.7237 10.4426 Hour

16 15.7359 15.1160 10.3510

17 14.7345 13.7265 10.2849 System Peak Day Average Weekday =~ -----eeee Average Weekend/Holidays
18 13.5150 12.5382 9.9530

19 11.8486 11.1468 9.5995

20 11.0753 10.3154 9.2383

21 11.0274 10.0422 9.2587

22 10.1565 9.4207 8.8484

23 9.3883 8.7163 8.4441

24 9.1191 8.4179 8.2841
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Figure 2.3-21 Commercial and Industrial (Secondary) September Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 8.3616 7.4837 7.2952

8.1379 7.2429 6.9935 COMMERCIAL & INDUSTRIAL (SECONDARY) - September

3 8.1294 7.1899 6.9007

4 8.1899 7.2901 6.9169 2

5 8.1984 7.7598 6.9503

6 8.5009 8.6046 7.1065

7 8.3722 9.6491 7.3146

8 8.3207 10.8018 7.4037

9 8.7313 12.0881 7.7426 2

10 9.4448 13.0024 8.3574

1 9.9506 13.7134 8.8634

12 10.7847 14.1428 9.4646

13 11.0496 14.2340 9.6602 21

14 11.1928 14,5613 9.6581

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 11.3761 14.6046 9.5982 rour

16 11.5606 14,0187 9.5868

17 11.4945 12.5253 0.4551 System Peak Day Average Weekday =~ -----eee- Average Weekend/Holidays
18 11.1555 11.3165 9.1932

19 10.4492 10.0813 8.6872

20 9.4223 9.7753 8.4946

21 9.0012 9.2065 8.2955

22 8.6427 8.6576 8.0476

23 8.2364 8.0263 7.7736

24 8.1050 7.7196 7.5614

Figure 2.3-22 Commercial and Industrial (Secondary) October Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Awerage Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 8.1524 7.1739 6.5265

8.0135 7.0578 6.4736 COMMERCIAL & INDUSTRIAL (SECONDARY) - October

3 7.9295 7.0903 6.4793

4 8.0401 7.2161 6.5297 20

5 8.2947 7.4863 6.5957

6 9.4026 8.4218 6.9180

7 10.6335 9.5442 7.3011

8 11.6328 10.6085 7.4264

9 12.3690 11.4882 7.4259

10 13.0491 11.9662 7.5443

11 13.0504 12.3947 7.6492

12 12.5607 12.4754 7.7073

13 12.1468 12.2839 7.6968 2

14 11.9146 12.3426 7.6319 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 11.7017 12.2453 7.5233 Hour

16 11.3139 11.8830 7.4261

17 10.8471 10.6835 7.3304 System Peak Day Average Weekday =~ -------e- Average Weekend/MHolidays
18 10.3424 9.6151 7.2024

19 10.1380 9.0687 7.4084

20 9.8680 8.8351 7.4351

21 9.4797 8.4567 7.3614

22 9.3529 8.0966 7.1831

23 9.0815 7.5866 6.9928

24 9.0173 7.3306 6.7902
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Figure 2.3-23 Commercial and Industrial (Secondary) November Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Average Average
Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)
1 8.2672 7.2839 7.2167
2 8.2433 7.0208 7.1639 COMMERCIAL & INDUSTRIAL (SECONDARY) - November
3 8.3584 7.3402 7.1886
4 8.5177 7.4992 7.2289 20
5 8.9418 7.8627 7.3529 18
6 9.5414 8.6608 7.5846 16
7 10.4480 9.7036 7.9241 .
8 10.9224 10.5580 7.8958 12
9 11.3961 11.3641 7.9201 Z w0
10 11.5523 11.7206 7.9867 8
1 11.5409 11.9471 8.0160 6
12 11.3457 11.9269 8.0103 4
13 11.0790 11.7548 7.9570 2
14 11.0961 11.7072 7.8146 0
15 11.0866 11.6714 7.6027 12 3 4 5 6 7 8 9 10 11 1: 13 14 15 16 17 18 19 20 21 22 23 24
our
16 10.8000 11.3680 7.6001
17 10.6755 10.5439 7.5948 System Peak Day Average Weekday --------- Average Weekend/Holidays
18 10.4011 9.8629 7.7264
19 9.7793 9.2019 7.6630
20 9.4930 8.8585 7.6517
21 9.3227 8.5190 7.5758
22 9.0607 8.1725 7.3926
23 8.6034 7.7230 7.1855
24 8.4704 7.5406 7.0972

Figure 2.3-24 Commercial and Industrial (Secondary) December Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (SECONDARY) DAILY LOAD PROFILES

System Awerage Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 8.0396 7.7713 7.5344

80089 77380 75184 COMMERCIAL & INDUSTRIAL (SECONDARY) - December

3 8.0484 7.8505 7.5449

4 8.2260 8.0270 7.5041 20

5 8.5962 8.3226 7.7615 18

6 9.5598 9.1081 7.9587 16

7 10.6676 10.2064 8.2886

8 11.8814 11.0751 8.3809

9 12.7362 11.6439 8.2941

10 13.0915 11.9061 8.3681

11 13.3422 12.0643 8.3919

12 13.0423 11.9694 8.3874

13 13.3768 11.7479 8.2417

14 13.1721 11.6695 8.0956

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 12,9143 11.4848 7.8774 rour

16 12.4193 11.0618 7.8027

17 11.5112 10.4107 8.0357 System Peak Day Awerage Weekday =~ --------- Average WeekendMHolidays
18 10.7792 9.8611 8.1293

19 10.0206 9.1739 8.0700

20 9.7584 8.9155 8.0778

21 9.5020 8.6851 8.0449

22 9.2033 8.3783 7.8454

23 8.8853 8.0364 7.6970

24 8.7330 7.8477 7.6258
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Figure 2.3-25 Commercial and Industrial (Primary) January Daily Load Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Awerage Awerage
Hour | Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)
1 578.5163 583.8778 571.6588
574.3872 577.4347 567.8235 COMMERCIAL & INDUSTRIAL (PRIMARY) - January
3 570.3351 575.5048 565.5445
4 565.5616 580.0138 562.7108 L.000
5 569.5606 596.7601 567.3611
6 575.6986 623.7937 575.3207 800
7 586.1186 659.8851 586.8488 T
8 592.2909 686.2195 596.8260 600 1 - — ———
9 597.7763 703.0958 601.8466 z
10 599.7324 707.7088 603.4108 400
11 598.1177 707.7328 602.1666
12 596.0205 705.1596 600.4675 200
13 595.2466 702.5879 597.8598
14 503.7861 701.3665 596.4650 0
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
15 591.5851 695.2203 5929705 Hour
16 589.9183 687.0447 590.2803
17 589.2376 666.4442 586.1859 System Peak Day Awerage Weekday =~ ---eeeeee Average Weekend/MHolidays
18 600.8005 656.5246 592.5900
19 597.1093 643.8861 589.6598
20 593.2301 633.7637 585.4264
21 587.6450 623.4307 579.4169
22 584.2570 614.6895 574.9018
23 578.9966 605.6453 568.9723
24 575.3287 596.8885 564.0813

Figure 2.3-26 Commercial and Industrial (Primary) February Daily Load Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) [ Weekend/Holidays (kW)

1 580.5745 590.1400 574.0373

5746012 583.4736 570.0368 COMMERCIAL & INDUSTRIAL (PRIMARY) - February

3 575.7968 581.5499 568.1042 1000

4 580.9384 586.5957 565.3036

5 598.8862 602.7677 570.1945 200

6 622.8077 629.5217 576.5475

7 660.0729 667.1942 586.1931

8 690.7496 691.4352 502.8776 600

9 719.8427 708.8494 600.5593 2

10 738.7343 715.8974 603.4957 400

1 750.3469 717.4168 603.3390

12 741.2947 715.0343 601.5340 200

13 738.0773 712.9542 600.5492

14 729.4929 713.3134 601.0220 0

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 721.0992 707.5405 597.7183 Hour

16 711.9073 697.4951 592.3106

17 688.6893 673.9465 586.1618 System Peak Day Awerage Weekday =~ ==------- Average Weekend/Holidays
18 683.3855 662.8182 590.9469

19 671.2307 652.7742 593.2408

20 663.3129 642.7603 590.1008

21 654.7376 631.5222 584.1338

22 645.2812 622.0854 579.5635

23 634.7617 610.9391 572.8186

24 623.0952 601.5934 568.0030
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Figure 2.3-27 Commercial and Industrial (Primary) March Daily Load Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 587.2388 572.8116 567.8200

5 581.9820 566.3199 563.7928 COMMERCIAL & INDUSTRIAL (PRIMARY) - March
3 581.2943 563.3837 560.8622

4 578.9668 568.4216 559.2118 L.000

5 581.1608 585.3458 564.5188

6 587.6245 613.6515 572.8920 800 1

7 596.0679 649.2525 583.1858

8 602.2299 672.1378 591.3835 600 1 s

9 613.8232 691.1313 597.3556 z

10 622.0396 701.5072 602.0736 400 1

11 620.7531 700.8297 600.2873

12 622.7158 694.6212 598.7512 200 1

13 621.8922 691.1024 594.8977

14 622.4322 690.7442 593.6337 0

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 621.4247 684.8074 591.5346 Hour

16 619.0313 675.4705 587.8288

17 609.2079 652.4321 579.5583 System Peak Day Awerage Weekday =~ ----e-eee Average Weekend/MHolidays
18 607.8297 638.0465 579.3034

19 615.8386 627.8199 581.1346

20 614.5683 622.0964 582.9402

21 608.7951 611.7688 580.2178

22 601.4693 601.8294 575.2296

23 595.3590 592.0036 569.3571

24 590.8583 583.0010 564.1450

Figure 2.3-28 Commercial and Industrial (Primary) April Daily Load Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 577.9293 565.3924 557.7425

’ 5679745 5567128 552 6154 COMMERCIAL & INDUSTRIAL (PRIMARY) - April

3 560.7322 553.6898 549.1158

4 563.2503 558.3223 545.4247 1,000

5 576.0069 575.5405 550.0818

6 600.3961 604.5004 559.0250 800 1

7 647.9990 642.3485 566.2922

8 681.9675 670.8709 574.1735 600 1

9 700.8035 690.1565 582.0827 H

10 706.9067 698.7161 590.3338 400 1

1 704.3492 705.1298 595.5665

12 701.9157 708.2165 597.0532 200 1

13 700.7679 709.0224 596.9049

14 699.1847 711.9876 596.3888

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 684.7715 707.0361 504.9472 Hour

16 663.9217 700.6080 504.0622

17 636.6133 676.8120 587.5309 System Peak Day Average Weekday =~ -e---eeee Average Weekend/MHolidays
18 624.4764 656.6991 584.6825

19 608.2766 640.4957 579.9203

20 602.2557 629.9870 577.2096

21 594.9776 621.3500 575.3389

22 585.4547 605.9200 566.2360

23 575.2913 592.1490 558.1123

24 565.4777 581.0495 550.4669
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Figure 2.3-29 Commercial and Industrial (Primary) May Daily Load Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 583.1185 564.5706 546.7417

2 572.4500 5557131 5402781 COMMERCIAL & INDUSTRIAL (PRIMARY) - May
3 565.1059 552.0014 536.4257

4 565.9024 555.3209 533.9461 1,000

5 578.2647 572.3739 539.9117

6 603.3320 601.0284 548.2470 800

7 647.1522 634.7014 551.5275

8 678.2546 662.6794 558.8722 600

9 710.5213 680.4174 563.5806 z

10 732.6607 691.0365 570.4344 400

11 748.5273 695.9836 574.6190

12 764.2499 699.9432 578.7466 200

13 763.0652 700.2145 581.6073

14 759.8293 702.2138 584.8231 0

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 755.5260 697.9603 585.8571 Hour

16 745.2877 690.3462 584.7371

17 730.5538 668.5328 582.0576 System Peak Day Average Weekday =~ ---ee-eee Average Weekend/Molidays
18 706.6917 648.5822 575.4302

19 682.2228 630.5015 569.8075

20 665.0297 618.3361 566.1687

21 655.6495 612.9988 564.7406

22 639.9206 600.1188 558.1238

23 621.5964 587.9031 549.9231

24 609.8653 577.4935 543.2224

Figure 2.3-30 Commercial and Industrial (Primary) June Daily Load Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Awerage Awerage

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 628.1454 591.9083 579.5560

616.1495 582.6993 572.0844 COMMERCIAL & INDUSTRIAL (PRIMARY) - June

3 605.2871 577.1849 565.9712

4 604.0947 578.6923 562.2085 1,000

5 617.4570 593.7351 566.7338

6 646.4589 622.6545 573.6415

7 685.1604 657.3875 582.2802

8 722.7721 691.3234 596.2913

9 751.4725 715.7802 603.8405 z

10 768.6117 732.8205 613.7485 400

11 772.7988 730.8277 619.7475

12 776.2599 747.7165 624.7905 200

13 776.8465 753.4878 628.5534

14 787.7160 759.0507 631.3594 0

12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 780.8348 753.5181 625.7279 rour

16 775.2903 746.2176 620.5294

17 755.7900 725.0943 617.6106 System Peak Day Awerage Weekday =~ ---ee-eee Average Weekend/Holidays
18 738.5203 702.3684 612.2394

19 719.8401 683.1618 605.0981

20 700.1409 667.8760 598.2886

21 690.1010 655.6576 597.0389

22 673.9756 641.5108 590.3809

23 656.5895 625.8439 581.1074

24 640.7033 612.0871 572.0991
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Figure 2.3-31 Commercial and Industrial (Primary) July Daily Load Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) [ Weekend/Holidays (kW)

1 651.9310 628.0643 614.6773

638.8434 618.1154 606.1067 COMMERCIAL & INDUSTRIAL (PRIMARY) - July

3 623.4114 610.9635 598.1006

4 621.1906 613.0007 593.6028 1,000

5 641.7373 629.9926 597.7102

6 674.7497 660.7075 606.9929 800 1

7 709.7344 697.9306 615.2869

8 748.6566 735.9066 631.9965 600 1

9 772.3910 762.0846 642.7615 2

10 785.8878 778.0199 653.8774 400 1

11 793.0442 786.3623 661.8214

12 796.9763 794.3564 667.2771 200 1

13 805.2555 799.9654 673.1238

14 813.0680 804.7456 675.6570 o

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 807.5152 800.0438 677.0793 Hour

16 802.1025 793.4037 674.3717

17 783.4364 775.5739 669.6791 System Peak Day Awerage Weekday =~ -=e-eeeee Average WeekendMHolidays
18 764.0684 751.4192 664.8818

19 746.5181 729.4854 653.5857

20 728.2633 712.3184 642.8406

21 711.3594 698.4453 636.9023

22 693.6123 683.5278 629.8486

23 673.6218 664.9024 618.7105

24 658.9400 650.6345 607.5626

Figure 2.3-32 Commercial and Industrial (Primary) August Daily Load Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Awerage Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 660.2548 642.5704 632.1855

649.0683 6317507 622.3229 COMMERCIAL & INDUSTRIAL (PRIMARY) - August

3 640.1584 625.5600 615.7708

4 640.7615 627.2816 611.3439 1,000

5 658.9751 644.2109 615.8090

6 687.0045 677.4932 625.3453

7 725.2093 713.5546 635.0745

8 757.0925 746.5242 647.2945

9 781.9218 770.7075 657.2863 2

10 789.9260 787.4165 669.9427 400 1

11 811.7516 798.3285 679.9236

12 833.3964 809.1800 686.2384 200 1

13 840.3717 815.6613 689.3339

14 842.5606 821.4229 693.5738

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 844.9170 818.6983 690.7489 Hour

16 838.5277 811.0339 689.1083

17 814.8040 788.2581 684.9572 System Peak Day Awerage Weekday =~ ----eeee- Average Weekend/Holidays
18 792.8517 765.7730 683.4393

19 768.2968 743.4817 677.2892

20 747.9697 724.4763 669.2835

21 736.9652 712.5240 662.5655

22 717.3972 693.5037 650.3726

23 694.4394 674.1673 638.0890

24 680.3802 659.1351 627.8976
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Figure 2.3-33 Commercial and Industrial (Primary) September Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 605.3590 618.3871 602.7732

506.6577 608.6660 503.7734 COMMERCIAL & INDUSTRIAL (PRIMARY) - September

3 593.7618 602.4598 587.0915

4 593.9306 604.2222 581.8840 1,000

5 602.4561 619.5811 585.2308

6 614.9191 651.2642 595.9893 800 1

7 625.8673 688.8310 607.7803

8 629.5956 715.8852 614.4909 600 1

9 639.7978 739.2389 621.6043 H

10 661.0068 759.4450 635.2128 400 1

11 674.7956 772.7219 646.2321

12 684.4468 783.8413 655.4135 200 1

13 691.9192 790.9251 661.4253

14 691.8309 797.9863 666.3137 0

15 692.4722 798.6389 668.2652 12 3 45 6 7 8 9 1011 1:013 14 15 16 17 18 19 20 21 22 23 24

ur

16 693.2083 792.7804 669.9778

17 697.5940 770.9671 668.0315 System Peak Day Average Weekday - Average Weekend/MHolidays
18 697.0172 746.4249 664.0673

19 690.5523 723.6576 656.1843

20 679.4284 706.0903 648.4920

21 669.1845 690.2756 637.2068

22 651.2872 672.6769 624.1410

23 631.1512 651.7891 611.5991

24 617.8714 637.0825 599.4047

Figure 2.3-34 Commercial and Industrial (Primary) October Daily Load Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 635.0963 601.9749 581.5693

) 6281763 5045122 577.0945 COMMERCIAL & INDUSTRIAL (PRIMARY) - October

3 622.4901 591.0219 575.3145

4 628.5862 595.1360 573.8640 1000

5 645.8191 611.7886 579.8959

6 673.4272 641.0458 589.9062

7 703.6840 676.0680 601.2421

8 729.8481 701.2144 608.7975

9 740.2195 712.4935 606.7141 g

10 746.8022 716.7788 605.1524 400 1

11 748.2380 717.5943 603.7502

12 747.5034 720.7246 603.0894 200 1

13 743.9367 719.8611 601.9866

14 739.8113 721.5659 603.7043

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 729.0948 719.1450 602.4036 Hour

16 720.4856 713.9113 603.2155

17 708.5418 696.8548 604.4431 System Peak Day Average Weekday =~ --------- Average Weekend/MHolidays
18 705.6522 680.5711 606.3065

19 702.2635 669.2228 607.4985

20 692.8758 658.2781 604.4919

21 683.8249 648.2461 598.8128

22 677.8906 637.3627 594.1579

23 667.7780 623.6644 588.1439

24 654.8666 613.2542 582.4400
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Figure 2.3-35 Commercial and Industrial (Primary) November Daily Load

Profiles

COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES

System Awerage Awerage

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 629.4765 610.6504 598.3078

2 623.8051 604.3517 593.4635 COMMERCIAL & INDUSTRIAL (PRIMARY) - November
3 622.2365 602.0824 590.0552

4 625.5364 607.4629 588.2673 1,000

5 640.2761 624.0528 594.1212

6 659.7845 652.0883 602.7266 800

7 688.2741 686.1584 610.5982

8 703.8618 707.9239 616.5448 600

9 704.9265 721.1115 618.4595 H

10 709.4293 722.4236 614.8316 400

11 702.2573 720.6779 612.3123

12 704.1401 719.8889 610.6631 200

13 700.3554 718.5030 607.7090

14 698.3764 717.8183 607.2239 0

15 696.0488 715.0665 607.0909 12 3 45 6 7 8 91011 1:013 14 15 16 17 18 19 20 21 22 23 24

ur

16 692.5345 708.5503 606.9979

17 686.1354 691.8305 605.1463 System Peak Day Awerage Weekday =~ --------- Average Weekend/Holidays
18 679.2328 679.2495 609.1379

19 662.2590 667.8769 606.3625

20 649.1187 657.7728 601.6230

21 641.5891 649.6769 598.7365

22 634.0106 643.5418 597.1304

23 622.1458 633.3074 592.3538

24 613.6760 624.5551 587.9400

Figure 2.3-36 Commercial and Industrial (Primary) December Daily Load
Profiles
COMMERCIAL & INDUSTRIAL (PRIMARY) DAILY LOAD PROFILES
System Awerage Awerage

Hour | Peak Day (kW) | Weekday (kW) | Weekend/Holidays (kW)

1 575.0270 594.2694 575.6189

2 574.0256 580.2479 571.2588 COMMERCIAL & INDUSTRIAL (PRIMARY) - December
3 576.2041 587.0876 569.0357

4 580.7323 592.3555 567.3351 1,000

5 599.9489 609.6282 574.1102

6 631.5872 635.5651 582.1622 800 1

7 663.4242 669.4300 592.7920

8 688.7425 695.0645 604.5737 600 1

9 710.8047 700.8757 611.7009 3

10 717.4485 712.1254 611.2357 400 1

1 709.8878 708.5137 609.9065

12 716.2746 705.0414 606.6834 200

13 715.6959 700.2676 605.9250

14 715.3128 701.0626 608.8270

15 706.6302 696.9525 608.5464 12 3 45 6 7 8 91011 IHZ 13 14 15 16 17 18 19 20 21 22 23 24

four

16 708.2385 690.4334 607.8728

17 689.2190 671.9183 602.0594 System Peak Day Average Weekday =~ --------- Average WeekendHolidays
18 677.1887 660.4826 603.7400

19 664.8459 649.4101 600.2711

20 650.1610 636.8467 593.2920

21 641.3290 627.7647 587.0503

22 638.2073 620.5521 583.6888

23 628.3030 610.4785 578.3331

24 619.7949 602.1304 572.9256
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Figure 2.3-37 Commercial and Industrial (Transmission) January Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 5658.9303 5733.2543 5446.8450

2 4568.7139 5764.4551 5431.8009 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - January
3 4430.9307 5700.7089 5425,3421

4 4436.2676 5730.2304 5214.6925 9000

5 4420.8690 5597.0508 5099.6547 8000

6 5048.6441 5531.6337 5100.1889 7000

7 5351.7143 5540.6573 5093.1251 6000

8 5277.8596 5550.1475 4993.5301 5000

9 4667.1979 5789.0082 4939.3952 H 4000

10 5214.8347 5759.6717 4997.9942 2000

11 4181.4030 5675.6569 4691.0626

12 4163.7722 5612.2547 4479.6739 2000

13 5288.5934 5637.2977 4990.7426 1000

14 5255.6293 5598.1233 5037.5860 0

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 5461.8560 5613.5177 5105.2396 Hour

16 5705.0178 5830.9078 5067.4939

17 5723.2640 5872.3637 4956.5085 System Peak Day Average Weekday ~— --------- Average Weekend/Holidays
18 5555.8663 5833.8870 4756.0316

19 5626.6857 5812.1769 4871.2930

20 5536.8076 5765.0531 4816.2415

21 5512.8994 5851.4674 4961.6688

22 5468.4129 5853.3964 5029.8713

23 5802.8121 5909.6012 5148.8027

24 5711.8240 5866.6885 4989.0567

Figure 2.3-38 Commercial and Industrial (Transmission) February Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 6012.4521 5471.7500 6481.4913

6013.4450 5503.8060 6497 8697 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - February

3 6038.1640 5620.0055 6577.4558

4 5964.6775 5593.9430 6520.0666 9000

5 5847.6629 5342.7108 5140.6230 8000

6 5651.4257 5378.0733 5349.0239 7000

7 5623.0491 5135.8924 5278.0987 6000

8 5641.7861 5040.9025 5051.4432 5000

9 5684.1777 5179.4931 4957.8064 2 o

10 5730.7383 5006.2929 4792.7100 2000

11 5748.0764 4932.7453 5030.9633

12 5634.0811 5009.0898 5185.7853 2000

13 5638.5006 5136.5578 5127.5596 1000

14 5792.2718 5136.1469 5155.7264 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 5838.0955 5200.5927 5246.9533 Lour

16 5900.2464 5164.3478 6037.8058

17 6034.6049 5029.4653 6137.3050 System Peak Day Average Weekday --------- Average WeekendMHolidays
18 5929.8993 5031.0399 6371.6684

19 5913.5259 5192.9978 6408.4603

20 5830.2464 5159.9055 6641.8884

21 5961.2499 5155.0535 6658.6806

22 6111.5180 5320.5351 6364.4257

23 6099.2395 5264.4221 6451.0219

24 6087.6421 5236.5333 6569.6287
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Figure 2.3-39 Commercial and Industrial (Transmission) March Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Average Awerage

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 5446.8534 5283.4866 4905.4957

5443.3045 5323.3154 4670.0822 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - March

3 5558.6549 5196.9410 4804.4624

4 5557.9182 5221.4519 5129.1331 9000

5 5483.7257 5296.8201 4883.5290 8000

6 5518.1675 51257285 4866.2866 7000

7 5550.9546 5103.5216 4928.8942 6000

8 5534.0384 4836.5525 4830.4064 5000

9 5532.6853 4645.6714 4949.4722 2 00

10 5471.2607 4628.9632 4710.4363 5000

11 5597.2237 4579.2759 4868.2059

12 5549.2561 4642.1649 4846.7048 2000

13 5543.3050 4914.1337 4907.0852 1000

14 5491.4938 5038.6305 4967.8487

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 5667.9511 4793.4124 4924.1044 Tour

16 5631.4293 4859.5752 4601.1644

17 5754.2660 4859.0087 4880.5030 System Peak Day Average Weekday =~ -------e- Average Weekend/Holidays
18 5604.7800 4742.8562 5007.0205

19 5607.3118 4908.6573 48115158

20 5535.8625 4946.5451 4897.7588

21 5749.3623 4896.1436 4115.1010

22 5749.7021 4710.1033 3915.0837

23 5694.4062 4784.4109 4092.9869

24 5705.4263 5128.8443 4861.1484

Figure 2.3-40 Commercial and Industrial (Transmission) April Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Average Awerage

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 8428.4188 7553.1035 7402.0356 )

7545 5345 7440.3551 2080.8074 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - April

3 7615.3355 7282.0347 6997.7646

4 8440.1265 7198.0489 7085.1825 9000

5 7373.5654 7187.1929 7153.4301 8000

6 7038.7901 7016.6011 7043.9414 7000

7 7023.3854 7001.9582 6657.4458 6000

8 6989.3438 6960.4653 6471.3996 5000

9 6971.4223 7069.1257 6298.3471 g 4000 4

10 6982.3987 7018.8452 6299.7616 2000 4

11 7143.3728 6926.8469 6450.6941

12 7050.3825 6963.0165 6566.3376 20001

13 7182.6734 7079.2096 6526.4891 1000 1

14 7015.9475 7175.7903 6466.5860

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 7166.0317 7223.4986 6675.3307 rour

16 7080.0343 7220.9222 6631.3203

17 7406.1361 7496.0206 6852.0364 System Peak Day Awverage Weekday =~ --------- Average WeekendHolidays
18 7486.0358 7342.8460 6997.5818

19 7508.8017 7445.9778 7098.6370

20 8473.5579 7548.4528 6979.3586

21 8355.5305 7609.8528 7137.9075

22 8463.0275 7751.7712 7144.5185

23 8358.7655 7663.2686 7129.9643

24 8469.8580 7690.4603 6794.1775
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Figure 2.3-41 Commercial and Industrial (Transmission) May Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Awerage Awverage

Hour | Peak Day (kW) | Weekday (kW) | Weekend/Holidays (kW)

1 73245044 6843.2295 6622.2468

2 7310.9406 6745.5008 6545.6214 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - May

3 7478.3556 6693.6139 6531.4838

4 7239.7095 6777.1551 6653.5847 9000

5 7677.8099 6518.0116 6512.0976 8000

6 7140.7838 6419.8919 6384.1695 7000

7 7517.7358 6362.3851 6100.4315 6000

8 7359.3253 6270.7626 5950.8344 5000

9 7300.0049 6184.9164 5413.6248 £ 0

10 7613.9330 6202.7587 5450.0727 2000

11 7690.8842 6224.0966 5699.4661

12 7763.5317 6401.8540 5549.9838 2000

13 7647.6231 6511.5407 5810.0840 1000

14 7762.9412 6499.0976 5690.1985

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 6698.6785 6516.0377 5863.4629 rour

16 5730.0014 6468.4719 5708.6047

17 5022.3183 6485.1389 5582.3651 System Peak Day Average Weekday =~ -----eeee Average WeekendMHolidays
18 5952.0896 6433.9754 5484.7137

19 5989.9473 6488.1146 5770.6528

20 6160.6391 6541.3466 6006.7920

21 6323.5397 6614.3621 6029.7020

22 6890.2889 6828.5518 5971.8352

23 7602.7104 6675.3585 5930.6863

24 7640.4018 6818.3108 6146.5520

Figure 2.3-42 Commercial and Industrial (Transmission) June Daily Load
Profiles
COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES
System Average Awerage

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 6620.1030 6000.0720 5694.3875

2 6606.9884 62866541 5834.7416 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - June

3 6612.7098 6258.4400 5768.8978

4 6790.0289 6253.9011 5691.8558 9000

5 6539.0015 6077.1692 5743.3218 8000

6 6349.6429 5978.6633 5498.3094 7000

7 6317.4898 5938.7956 5336.6175 6000

8 6101.0378 5775.2012 5296.6744 5000

9 6226.9188 5852.0652 5131.3082 g 4000

10 6105.9888 5696.1418 5121.3349 2000

11 6387.8658 5897.4915 5078.6985

12 6338.3525 6001.6931 49705520 2000

13 6422.3802 5929.3286 5032.6673 1000

14 6459.9268 5871.4459 4921.1229

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 6039.8399 5816.6692 5017.0946 tour

16 6397.1761 5824.7635 4975.8633

17 6229.8452 5786.0949 4996.2090 System Peak Day Average Weekday =~ --------- Average Weekend/Molidays
18 5965.1667 5820.6997 5010.2316

19 5984.9701 5829.4479 5155.7122

20 6055.1635 5789.5831 5043.4814

21 6194.2808 5846.9668 5096.2657

22 6135.1669 5811.9763 5184.2409

23 6757.8597 5797.5868 5283.5967

24 6209.4704 6037.7736 5218.5186
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Figure 2.3-43 Commercial and Industrial (Transmission) July Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 6294.1172 6287.2665 6010.1859

6772.6693 6294.4371 6086.6775 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - July

3 6761.2814 6308.6476 5909.5229

4 6923.1796 6416.8675 5993.5626 9000

5 6492.3081 6325.9485 5967.5923 8000

6 6065.2084 6226.0435 5885.1881 7000

7 6028.0690 5980.5223 5703.5224 6000

8 5582.7279 5855.1617 5403.5788 5000

9 4986.0239 5711.4355 4991.0852 3 2000

10 5958.5970 5720.5866 5164.3052 5000

11 5619.6355 5729.3751 5104.1321

12 5844.3249 5679.4329 5187.5286 2000

13 5482.3360 5762.8449 5115.4500 1000

14 5588.6987 5813.8266 5078.1886 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 5689.7837 5788.3535 4941.3355 rour

16 5707.4593 5819.2591 4956.3610

17 5617.9030 5919.4773 4989.0162 System Peak Day Awerage Weekday =~ -------e- Average Weekend/MHolidays
18 4770.3743 5782.7344 5179.5435

19 5601.2392 5776.3842 5086.5630

20 5880.7037 5742.4312 5069.2398

21 5540.6386 5812.6318 5377.5114

22 5353.5857 5947.6656 5459.3160

23 5866.0554 6282.4197 5608.0495

24 5617.1718 6164.6997 5495.1141

Figure 2.3-44 Commercial and Industrial (Transmission) August Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 6891.7745 6703.9605 6342.1688

75321307 6868.5633 6350.4676 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - August

3 7323.8331 6822.9329 6303.4027

4 7892.4899 68221851 6333.5289 9000

5 8158.5650 6687.4001 6336.8277 8000

6 7472.6062 6528.9017 6426.5519 7000

7 6974.8749 6501.7531 6305.7627 6000

8 6269.6922 6312.7946 5934.4562 5000

9 6055.6192 6109.8612 5656.0253 g 2000

10 6142.5048 6149.7817 5705.4671 2000

11 5864.5445 5829.1407 5420.1672

12 6056.7381 5832.0809 5580.3547 2000

13 5506.0420 5966.6970 5197.9522 1000

14 4896.7480 5886.6350 5084.4624

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 4816.8258 5811.7121 5052.2236 Four

16 5917.4172 5892.3851 5063.1151

17 5095.6180 5820.9306 5196.0597 System Peak Day Awerage Weekday ~—  -------e- Average Weekend/MHolidays
18 5224.3550 5695.1858 5346.6459

19 5302.2030 5769.2398 5373.5630

20 6491.8254 5915.6933 5600.3058

21 6041.2692 5891.8825 5780.5153

22 4987.0002 5870.7472 6072.9131

23 6960.0951 6288.3230 6380.7329

24 7969.5068 6668.9616 6412.9505
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Figure 2.3-45 Commercial and Industrial (Transmission) September Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Awverage Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 5957.9755 6029.4379 5770.0026

2 5858.2231 6280.0564 5760.6378 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - September
3 5517.2608 6323.4870 5799.5249

4 5488.6323 6287.5465 5781.4694 9000

5 5489.6722 6248.8850 5715.6452 8000 1

6 5701.0368 6127.9955 5490.5883 7000

7 5834.9724 6034.7902 5462.4002 6000

8 5762.0085 6025.1158 5214.2932 5000

9 5678.5400 5804.5859 5050.1655 2 o0 |

10 5442.1336 5776.5486 4959.2690 3000 |

1 5243.7959 5905.0413 4725.5662

12 4346.0449 5966.3572 4617.7561 2000 7

13 3976.1186 5943.4313 4701.1403 1000 1

14 4013.0187 5906.4025 4721.1583 0

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 4030.5315 5858.1638 4677.4906 Tour

16 3987.0696 5860.6522 4756.6957

17 3964.1041 5742.5729 4647.2962 System Peak Day Average Weekday =~ --------- Average Weekend/Holidays
18 3938.8672 5599.2725 4858.4548

19 3903.2108 5726.0314 4904.6728

20 3973.4906 5638.5186 4956.3436

21 3946.7217 5463.4986 5060.5793

22 3947.6839 5693.0006 5093.6406

23 4205.9517 5872.1769 5074.1318

24 4199.2160 5998.2892 5288.5876

Figure 2.3-46 Commercial and Industrial (Transmission) October Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Average Awerage

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 6365.0332 6412.1926 6353.8354

6184.0581 6390.9049 6586.1320 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - October

3 6299.8202 6307.9332 6462.0372

4 6022.4685 6282.8826 6432.8658 8000

5 4883.5779 6232.9919 6494.4271 7000

6 4772.2176 6146.6368 6424.5478 6000

7 4658.1293 6448.2930 6210.9363 5000 |

8 4634.3924 6358.3866 6096.5255

9 4722.9201 6238.6936 5939.8447 £ 4000 1

10 5132.3087 6157.4400 5978.1210 3000

11 5221.1325 6235.1282 5894.2990 2000 4

12 5258.5357 6256.4602 5766.4302

13 5562.9131 6284.5236 5728.0300 1000 1

14 5364.4504 6442.9609 5616.1510 0

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 5259.0707 6550.4281 5730.5416 Hour

16 6117.1644 6514.3369 5827.2827

17 5984.1022 6494.1325 5684.9044 System Peak Day Average Weekday =~ --------- Average Weekend/Holidays
18 6322.9841 6671.2059 5846.0709

19 5998.5653 6657.8576 6139.7032

20 5069.2910 6700.7247 5936.1849

21 5428.8981 6606.2523 5821.7960

22 5937.2334 6526.7620 5830.7253

23 6115.6992 6687.5107 5863.9803

24 6202.0356 6656.6529 5671.0434
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Figure 2.3-47 Commercial and Industrial (Transmission) November Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 5451.2310 6267.6988 6149.5645

£316.3970 6379.4978 6099.1438 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - November

3 5253.7248 6311.3816 6094.2390

4 5258.4617 6162.3208 6149.0600 9000

5 5525.2488 6039.7637 6017.3808 8000

6 6034.4753 6170.7342 5888.8957 7000

7 5382.6023 6126.6561 6018.7397 6000

8 5666.9325 5907.3077 5760.0786 5000

9 5523.8197 5783.9269 5683.5840 3 2000

10 5536.1911 5663.0634 5620.0555 2000

11 5390.4804 5768.5544 5513.6341

12 5487.4529 5809.3542 5602.8841 2000

13 5553.9651 5978.7111 5477.8125 1000

14 55446251 6102.2083 5449.0796

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 5917.2173 6278.3226 5595.3347 Tour

16 5778.7687 6235.1501 5881.8074

17 5873.2537 6475.5841 5919.6624 System Peak Day Average Weekday =~ -------e- Average WeekendMHolidays
18 5937.3298 6347.3452 5636.9305

19 5402.4013 6252.4386 5739.4645

20 5506.1288 6123.1011 5698.6993

21 5475.2321 6294.3228 5921.1735

22 5114.3823 6295.0099 5934.1672

23 5417.1634 6360.8639 5754.6508

24 6182.6443 6299.8331 5762.6910

Figure 2.3-48 Commercial and Industrial (Transmission) December Daily Load
Profiles

COMMERCIAL & INDUSTRIAL (TRANSMISSION) DAILY LOAD PROFILES

System Average Awerage

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 4957.3658 5735.3062 5384.5355

5661.5006 50482171 5392.5900 COMMERCIAL & INDUSTRIAL (TRANSMISSION) - December

3 5414.0526 5798.6375 5116.5754

4 5554,2579 5807.4965 5339,5305 9000

5 5455.7024 5809.0802 5377.5397 8000

6 5800.9795 5710.4887 5415.9078 7000 -

7 6113.3863 5660.6072 5512.4122 6000 4

8 5924.4471 5599.7097 5536.3077 5000

9 6756.7378 5520.2938 5303.1209 2 2000 |

10 6588.0344 5463.9685 5131.2492

11 6580.9837 5580.4710 4989.8881 3000

12 6524.4955 5488.1214 5360.4842 2000

13 6521.2786 5282.8635 5311.4928 1000 4

14 6609.4859 5499.8943 5157.9012 0

15 6216.4165 5707.3275 4938.9134 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
16 6359.5555 5909.0761 5219.5531 Hour

17 6379.3092 5909.6437 5328.8802 System Peak Day Average Weekday =~ -------e- Average WeekendHolidays
18 6504.4484 5744.8202 5070.1886

19 6572.8007 5881.1403 5151.8161

20 6472.2737 5776.4966 5182.0405

21 6203.7369 5989.6557 5197.8551

22 6283.9893 5900.1665 5153.9153

23 6652.3063 5945.4798 5424.4596

24 6570.3011 5767.1387 5237.9989
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Figure 2.3-49 FERC January Daily Load Profiles

FERC DAILY LOAD PROFILES

System Awerage Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 80849 67623 68768

2 78122 66682 67001 FERC-January
3 76836 66576 66617

4 76008 67099 66812 120000

5 76371 69007 67629 100,000 1

6 77740 73002 69386

7 80536 79427 72981 80,000

8 84012 83116 77262 .

9 86443 82621 79639 £ 600001

10 87443 81163 79751 20000 |

1 87713 79214 78725

12 88269 77180 77496 20,000

13 87045 74940 75935

14 85327 73540 74735 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
15 84576 73133 74587 Hour
16 85618 73500 75123

17 92254 77455 78968 System Peak Day Awerage Weekday =~ =---eeees Average Weekend/Holidays
18 103040 86095 87190

19 103917 88583 88650

20 101943 87192 86661

21 98940 84937 84536

22 93960 80419 80800

23 86988 74331 75012

24 81098 69645 70246

Figure 2.3-50 FERC February Daily Load Profiles
FERC DAILY LOAD PROFILES
System Average Average

Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)

1 61305 66578 67253

2 60527 65772 66187 FERC-February
3 60530 65751 65675

4 60871 66224 65723 140,000

5 62947 68159 66993 120,000

6 67437 72454 69086

7 74813 78937 72645 100,000 7

8 78922 81813 76661 80,000

9 80443 80534 78464 z

10 81425 78976 78863 60,0001

11 81357 76966 77334 40,000

12 81547 74945 75376 20000 |

13 81008 73090 74118

14 79418 71893 73215

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

15 78774 71598 73053 rour
16 79844 72035 73610

17 82655 74799 76241 System Peak Day Average Weekday =~ -=--seee- Average Weekend/Holidays
18 89594 81544 82630

19 93587 86227 86422

20 91914 85266 84971

21 89249 83201 83103

22 84067 78887 79332

23 78418 73219 73914

24 74025 68686 69217
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Figure 2.3-51 FERC March Daily Load Profiles

FERC DAILY LOAD PROFILES

System Awerage Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 68711 60099 62493

2 67347 50012 61156 FERC-March
3 66866 58871 60876

4 66738 59445 61073 140,000

5 67763 61081 61953 120,000

6 69606 65034 63737

7 73318 71215 67327 100,000 4

8 77904 74613 71320 80,000

9 81201 74177 73233 z

10 83203 72792 73618 00,0001

11 82129 71107 72660 40,000

12 81889 69416 71302 2000 4

13 82044 67571 69902

14 83229 66492 68870 0

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 84879 66053 68542 Hour
16 85022 66036 68342

17 86867 67037 69433 System Peak Day Awerage Weekday ~— -----eee- Average Weekend/MHolidays
18 90129 70422 72424

19 94446 74097 75553

20 92759 76697 77780

21 89817 76304 77687

22 84466 72722 74399

23 77994 67349 69215

24 72482 62720 64652

Figure 2.3-52 FERC April Daily Load Profiles
FERC DAILY LOAD PROFILES
System Average Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 47346 49877 50028 )
2 46848 49052 48558 FERC- April
3 46377 49027 48032

4 46143 49449 48157 140,000

5 47830 51097 48987 120,000

6 52269 55170 50999

7 58719 60892 53456 100,000 4

8 62672 63031 55985 80,000

9 64420 62313 58007 z

10 66173 61132 58387 60,0001

11 66942 59819 57788 40,000 1

12 66601 58412 57032 20000 1

13 66358 57063 56212

14 65374 56561 55615 0

12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

15 65673 56253 55432 rour
16 66193 55733 55487

17 68235 56400 55993 System Peak Day Awerage Weekday =~ -------e- Average Weekend/Holidays
18 71807 58901 57967

19 72858 60943 59447

20 74020 63164 61282

21 74443 64678 63181

22 70910 61746 60606

23 65064 56652 55980

24 60855 52116 51783
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Figure 2.3-53 FERC May Daily Load Profiles

FERC DAILY LOAD PROFILES

System Average Average
Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)
1 44966 47812 46699
2 43398 46569 45373 FERC-May
3 42131 46087 44848
4 42404 46364 44963 140,000
5 43561 47886 45793 120,000
6 46883 51339 47518
7 51596 55781 49387 100,000 1
8 53312 57632 50937 80,000
9 53412 57468 52374
10 53481 56873 52631 60,0007
11 54134 56203 51994 40,000 4
12 54920 55697 51463 20,000 -
13 55730 55269 51305
14 56115 55113 50919 0
12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
15 56075 55099 50975 Hour
16 57026 55302 51786
17 59160 56440 53035 System Peak Day Awerage Weekday =~ --------- Average Weekend/Holidays
18 61479 58364 55008
19 62484 59569 56319
20 62943 60261 56963
21 64332 62102 58984
22 61554 60157 57638
23 55314 55149 53110
24 49610 50670 48765
Figure 2.3-54 FERC June Daily Load Profiles
FERC DAILY LOAD PROFILES
System Average Average
Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)
1 52736 46509 48477
2 48714 44437 45969 FERC-June
3 46187 43340 44476
4 44909 43079 43739 140000
5 45402 44109 43890 120,000
6 47764 46428 44884
7 50944 49693 46682 1000007
8 54289 52446 49695 80,000
9 58783 54293 53493 E
10 63189 55493 56121 60,0001
11 67243 56735 57565 40,000 4
12 71181 57877 58999 20,000 1
13 74660 59318 60475
14 79182 60806 61813 0
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
15 83266 62018 62667 Hour
16 87104 63178 62819
17 88392 64125 63174 System Peak Day Average Weekday =~ -----eoe- Average Weekend/Holidays
18 88956 66021 64399
19 88728 66757 64328
20 86691 65802 63504
21 82873 65515 63630
22 79363 63982 62528
23 70536 57613 56979
24 61935 51301 51197
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Figure 2.3-55 FERC July Daily Load Profiles

FERC DAILY LOAD PROFILES

System Average Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 59708 53320 54154

2 54529 49827 50417 FERC-July
3 51033 47721 47918

4 48827 46623 46434 140,000

5 48419 46812 45903 120,000

6 49826 48656 46550

7 52920 52049 48070 100000

8 57733 56264 51743 s 80,000

9 63374 60495 57089 = 0000

10 69107 64604 62339

11 74667 68687 66562 40,000

12 80145 72766 70284 20000

13 85272 76529 73985

14 90693 80253 77436 0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
15 95747 83279 80846 Hour
16 100179 85676 82323

17 103378 87430 83817 System Peak Day Awerage Weekday =~ ------eee Average Weekend/Holidays
18 105428 88851 83848

19 105306 88013 81742

20 102185 84479 77975

21 96647 80961 75048

22 91154 77172 72136

23 81499 68772 65260

24 71725 60279 57550

Figure 2.3-56 FERC August Daily Load Profiles
FERC DAILY LOAD PROFILES
System Average Average

Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)

1 55447 53234 53782

2 51463 49913 50041 FERC- August
3 48763 47890 47765

4 47179 46782 46371 140,000

5 46643 46967 45948 120,000 -

6 49297 49449 46639

7 54091 53778 48207 1000007

8 57123 57094 51347 s 80,000

9 60085 59856 55714 < 00004

10 64171 62841 60615

11 68646 66226 65318 40,000

12 73939 70114 69927 20,000

13 79319 74203 74001

14 85033 78233 77634 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
15 90836 81498 81069 Hour
16 95456 84242 84066

17 98960 86483 86456 System Peak Day Average Weekday =~ ------ee- Average Weekend/Holidays
18 102826 88235 87811

19 100355 87481 87132

20 95023 83477 83729

21 90316 80419 80894

22 82398 74861 75518

23 71968 66395 67169

24 62750 58503 59380
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Figure 2.3-57 September Daily Load Profiles

FERC DAILY LOAD PROFILES

System Average Average
Hour Peak Day (kW) Weekday (kW) | Weekend/Holidays (kW)
1 56562 47403 48482
2 52415 45048 45834 FERC- September
3 49580 43664 44224
4 47818 43270 43409 140,000
5 47435 43998 43466 120,000
6 48160 47005 44583
7 49192 52626 46284 100,000
8 51679 55232 49057 80,000
9 56284 55560 52304 2
10 63331 56412 54966 60.000
11 70819 57855 57292 40,000
12 78188 59408 59731 20000
13 84389 61384 62293
14 90074 64182 65162 o
12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
15 94422 67104 68551 rour
16 98758 69322 71747
17 101664 71311 74229 System Peak Day Average Weekday =~ -----e-es Average WeekendHolidays
18 103404 73288 76053
19 101392 72727 75340
20 96482 71697 73931
21 91668 69182 71053
22 82767 63989 65789
23 72688 57065 58804
24 63355 50901 52426
Figure 2.3-58 FERC October Daily Load Profiles
FERC DAILY LOAD PROFILES
System Average Average
Hour Peak Day (kW) Weekday (kW) Weekend/Holidays (kW)
1 63275 51360 49522
2 62310 50408 48363 FERC- October
3 62149 50219 48023
4 62453 50581 48266 140,000
5 63996 52160 49199 120,000
6 67960 55899 51099
7 73919 61810 54288 100,000
8 77607 65165 57738 80,000
9 77670 64488 59216 2
10 78117 62971 58646 60.000
11 77896 61401 57790 40,000
12 77012 60017 56976 20000
13 76336 58797 56085
14 75661 58009 55442 0
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
15 76071 57826 55381 rour
16 77436 58101 55978
17 80519 59737 57921 System Peak Day Average Weekday =~ -=--eeeee Average WeekendHolidays
18 84988 63323 61524
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Figure 2.3-59 FERC November Daily Load Profiles

FERC DAILY LOAD PROFILES
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Figure 2.3-60 FERC December Daily Load Profiles
FERC DAILY LOAD PROFILES
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24 EVALUATION OF EXISTING RESOURCES

This Section includes existing resources information required by Rule 3607. Specifically,
Rule 3607(a) requires the Company to describe its existing resources, all utility-owned
generation facilities and energy storage systems for which the utility has obtained a
Certificate of Public Convenience and Necessity (“CPCN”) from the Commission
pursuant to 8§ 40-5-101, C.R.S. at the time the plan is filed, and existing or future
purchases from other utilities or non-utilities pursuant to agreements effective at the time
the plan is filed.

Company-Owned Resources

Table 2.4-1 on the following page lists the names and locations of generation facilities
and energy storage systems owned by Public Service as required by Rule 3607 (a)(l).
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Table 2.4-1 Name and Location of Public Service-Owned Generation Facilities
and Energy Storage Systems

One mile south of the city of Alamosa, CO,
Alamosa 1,2 in the San Luis Valley
South Fork of the San Miguel River, approximately ten miles
Ames 1 south-southwest of Telluride, CO
Blue Spruce 1,2 N Powhaton Rd, Aurora, CO
Cabin Creek 1,2 South of Georgetown, CO
Commerce City, CO. Near intersection of
Cherokee 4,5,6,7 | Washington St. and 61st
_ In Kit Carson and Cheyenne County near the eastern CO
Cheyenne Ridge 1 border
Comanche 1,2,3 South end of Pueblo, CO, east of I-25
Craig 1,2 Near Craig, CO
) Ten miles northwest of Grand Junction, CO,
Fruita 1 near the Town of Fruita
Ft. Lupton 1,2 Two miles northeast of Ft. Lupton, CO
1,2,3,4,5,
Ft. St. Vrain 6 Three miles northwest of Platteville, CO
Georgetown 1,2 On South Clear Creek in Georgetown, CO
On the Yampa River, two miles east of Hayden in western
Hayden 1,2 co
Manchief 11,12 In Morgan County near Brush, CO
Pawnee 1 Four miles southwest of Brush, CO
Pena Station 1 Near 61st Ave and Tower Rd, Denver, CO
Rocky Mtn Energy
Center 1,2,3 County Road 51, Keenesburg, CO
In Elbert County near the community of Matheson, 60 miles
Rush Creek 1 southeast of Denver, CO
Near the intersection of Cheyenne, Kit Carson, and Lincoln
Rush Creek 2 County, 35 miles east of Denver, CO
_ On the South Arkansas River, six miles east of Poncha
Salida 2 Springs, CO
On the Colorado River in Glenwood Canyon, six miles east of
Shoshone A,B Glenwood Springs, CO
Tacoma 1,2 On the Animas River, eighteen miles north of Durango, CO
VValmont 6,7,8 East Boulder, CO off of Arapahoe Road
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Table 2.4-2 below provides the following information for Public Service-owned
generation facilities and energy storage systems as required by Rule 3607(a)(ll), (1),
and (V):

Gross Maximum Capacity

Summer Net Dependable Capacity

Fuel Type

Heat Rate

Estimated In-Service Year

Estimated Remaining Useful Life (i.e., Estimated Retirement Year)

Table 2.4-2 Public Service Owned Generation Facilities and Energy Storage

Systems
- _ Me?xri?rfjm SD%?&Z;ES Heat Rate Estimat_ed Est_imated
Facility Name & Unit - - Fuel Type | (MMbtu/kWh) In-Service | Retirement
Capacity Capacity ) Year (2) Year (2)
(MW) (MW)
Alamosa 1 17 13 Gas 14.98 In-Service 2026
Alamosa 2 18 14 Gas 16.04 In-Service 2026
Ames 3 3 Hydro n/a In-Service 2050
Blue Spruce 1 146 130 Gas 10.54 In-Service 2050
Blue Spruce 2 150 134 Gas 10.43 In-Service 2050
Cabin Creek A 162 162 Storage n/a In-Service 2054
Cabin Creek B 162 162 Storage n/a In-Service 2054
Cherokee 4 335 310 Gas 10.63 In-Service 2027
Cherokee 5 182 168 Gas 9.99 In-Service 2055
Cherokee 6 182 168 Gas 9.99 In-Service 2055
Cherokee 7 248 240 Gas 6.82 In-Service 2055
Cheyenne Ridge 498 498 Wind n/a In-Service 2045
Comanche 1 360 325 Coal 10.19 In-Service 2022
Comanche 2 365 335 Coal 10.27 In-Service 2025
Comanche 3 (3) 536 500 Coal 9.49 In-Service 2069
Craig 1 (4) 43 42 Coal 10.37 In-Service 2025
Craig 2 (4) 41 40 Coal 10.22 In-Service 2039
Fruita 1 18 14 Gas 15.30 In-Service 2026
Ft. Lupton 1 50 44 Gas 12.67 In-Service 2026
Ft. Lupton 2 50 44 Gas 12.67 In-Service 2026
Ft. St. Vrain 1 312 301 Gas 7.72 In-Service 2041
Ft. St. Vrain 2 138 123 Gas 10.95 In-Service 2041
Ft. St. Vrain 3 143 128 Gas 10.95 In-Service 2041
Ft. St. Vrain 4 143 128 Gas 10.95 In-Service 2041
Ft. St. Vrain 5 162 144 Gas 10.18 In-Service 2049
Ft. St. Vrain 6 162 144 Gas 10.31 In-Service 2049
Georgetown 1 1 1 Hydro n/a In-Service 2036
Georgetown 2 1 1 Hydro n/a In-Service 2036
Hayden 1 (6) 149 135 Coal 10.44 In-Service 2030
Hayden 2 (7) 107 98 Coal 10.22 In-Service 2036
Manchief 11 151 131 Gas 9.99 2022 2038
Manchief 12 151 131 Gas 9.99 2022 2038
Pawnee 1 536 505 Coal 10.80 In-Service 2041
Pena Station 1 1 Solar n/a In-Service 2036
RMEC 1 159 145 Gas 10.69 In-Service 2049
2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 123 oF 124



- _ szxrion? Sm SD%?&Z;ES Heat Rate Estimat_ed Est_imated

Facility Name & Unit " - Fuel Type | (MMbtu/kWh) In-Service | Retirement
Capacity Capacity ) Year (2) Year (2)
(MW) (MW)

RMEC 2 159 145 Gas 10.69 In-Service 2049
RMEC 3 303 290 Gas 7.47 In-Service 2049
Rush Creek | 400 400 Wind n/a In-Service 2043
Rush Creek Il 200 200 Wind n/a In-Service 2043
Salida 2 1 1 Hydro n/a In-Service 2027
Shoshone A 8 8 Hydro n/a In-Service 2058
Shoshone B 8 8 Hydro n/a In-Service 2058
Tacoma 1l 2 2 Hydro n/a In-Service 2050
Tacoma 2 2 2 Hydro n/a In-Service 2050
Valmont 6 51 43 Gas 12.80 In-Service 2026
Valmont 7 42 41 Gas 9.84 In-Service 2040
Valmont 8 42 41 Gas 9.84 In-Service 2040

(1) Unit heat rates are considered confidential information, and therefore the information provided is the
average of summer, winter, and spring/fall heat rates.

(2) In-service year is the first year the unit is available for the summer peak and retirement year is the last
summer peak the unit is available.

(3) PSCo capacity only (66.67% of total unit).

(4) PSCo capacity only (9.72% of total unit).

(6) PSCo capacity only (75.5% of total unit).

(7) PSCo capacity only (37.4% of total unit).

Table 2.4-3 below shows the projected annual capacity factor of Public Service-owned

generation facilities and energy storage systems over the RAP as required by Rule
3607 (a)(lI).

Table 2.4-3 Projected Capacity Factors

Facility Name & Unit 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Comanche 1 77.1% 77.0%
Comanche 2 73.7% 65.4% 77.5% 78.2% 72.5%
Comanche 3 76.0% 80.8% 73.7% 825% 71.1% 78.4% 725% 815% 755% 82.6%
Craig 1 51.7% 45.4% 55.3% 54.7% 49.4%
Craig 2 52.7% 47.1% 56.5% 56.2% 50.8% 56.8% 59.1% 62.4% 62.4% 62.4%
Hayden 1 61.7% 67.2% 69.6% 64.6% 66.9% 67.5% 67.5% 69.1% 69.1% 69.1%
Hayden 2 66.5% 57.9% 55.0% 61.5% 58.9% 58.0% 58.1% 583% 58.3% 58.3%
Pawnee 1 77.8% 66.5% 77.9% 77.4% 62.4% 645% 65.8% 68.4% 70.5% 70.1%
Cherokee 5 37.0% 33.2% 41.7% 40.9% 31.0% 37.5% 38.8% 43.6% 48.4% 46.9%
Cherokee 6 22.0% 21.2% 27.7% 24.9% 18.7% 23.4% 26.0% 30.1% 32.9% 32.3%
Cherokee 7 20.6% 17.8% 22.4% 22.1% 16.6% 20.7% 21.8% 25.2% 28.1% 27.6%
Ft. St. Vrain 1 19.4% 18.3% 18.9% 18.3% 14.3% 19.1% 20.1% 22.9% 26.8% 26.9%
Ft. St. Vrain 2 48.3% 37.4% 43.3% 46.4% 35.0% 44.0% 45.7% 49.8% 56.6% 56.1%
Ft. St. Vrain 3 27.0% 30.8% 27.5% 24.5% 19.0% 25.9% 28.2% 32.5% 38.0% 39.1%
Ft. St. Vrain 4 13.8% 152% 154% 12.6% 9.9% 16.5% 17.2% 19.9% 245% 24.8%
Rocky Mt. Energy Center 1 32.6% 35.8% 40.8% 35.7% 29.5% 32.6% 33.6% 38.8% 40.9% 40.9%

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 124 oF 125



Facility Name & Unit 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Rocky Mt. Energy Center 2 87% 9.2% 204% 185% 16.1% 225% 22.2% 25.8% 31.1% 29.2%
Rocky Mt. Energy Center3  14.4% 155% 22.3% 19.1% 15.4% 185% 185% 21.6% 27.4% 26.8%
GAS COMBUSTION TURBINE UNITS
Alamosa 1 0.28% 0.25% 0.04% 0.14% 0.03% 0.01%

Alamosa 2 0.32% 0.24% 0.04% 0.17% 0.03% 0.03%
Blue Spruce 1 0.40% 0.30% 0.28% 0.72% 0.39% 0.69% 0.30% 0.10% 0.02% 0.13%
Blue Spruce 2 1.03% 0.58% 0.78% 1.18% 0.69% 1.56% 0.55% 0.13% 0.03% 0.18%
Fruita 1 0.05% 0.02% 0.02% 0.03% 0.04% 0.02%
Ft. Lupton 1 0.00% 0.18% 0.00% 0.00% 0.01% 0.00%
Ft. Lupton 2 0.00% 0.10% 0.00% 0.00% 0.00% 0.00%
Ft. St. Vrain 5 0.54% 0.46% 0.41% 0.62% 0.39% 1.22% 0.58% 0.12% 0.05% 0.21%
Ft. St. Vrain 6 0.26% 0.20% 0.30% 0.31% 0.29% 0.88% 0.42% 0.11% 0.05% 0.19%
Manchief 11 0.26% 0.10% 0.09% 0.11% 0.12% 0.05% 0.08% 0.03% 0.02% 0.02%
Manchief 12 0.26% 0.10% 0.09% 0.11% 0.12% 0.05% 0.08% 0.03% 0.02% 0.02%
Valmont 6 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Valmont 7 0.01% 0.00% 0.02% 0.03% 0.03% 0.04% 0.04% 0.19% 0.41% 0.48%
Valmont 8 0.01% 0.00% 0.02% 0.03% 0.03% 0.04% 0.04% 0.19% 0.41% 0.48%
Cherokee 4 2.25% 0.00% 0.45% 0.61% 0.00% 0.24% 0.60%
HYDRO UNITS
Ames 28.5% 28.5% 28.5% 285% 285% 285% 285% 285% 285% 28.5%
Georgetown 1 31.6% 31.6% 31.6% 31.5% 31.6% 31.6% 31.6% 31.5% 31.6% 31.6%
Georgetown 2 31.6% 31.6% 31.6% 31.5% 31.6% 31.6% 31.6% 31.5% 31.6% 31.6%
Salida 2 32.6% 32.6% 32.6% 325% 32.6% 32.6% 32.6%
Shoshone A 64.7% 64.6% 64.7% 64.6% 64.7% 64.7% 64.7% 64.6% 64.7% 64.7%
Shoshone B 64.7% 64.6% 64.7% 64.6% 64.7% 64.7% 64.7% 64.6% 64.7% 64.7%
Tacoma 1 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1%
Tacoma 2 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1%
SOLAR UNITS
Pena Station 31.0% 30.5% 30.9% 30.8% 29.1% 29.6% 29.8% 30.4% 30.6% 30.3%
Cabin Creek A 26.8% 16.2% 15.7% 16.2% 16.1% 16.6% 16.2% 15.9% 15.4% 16.3%
Cabin Creek B 26.8% 16.2% 15.7% 16.2% 16.1% 16.6% 16.2% 15.9% 15.4% 16.3%
WIND UNITS
Cheyenne Ridge 45.0% 44.1% 45.0% 455% 38.2% 39.2% 40.5% 43.8% 44.9% 44.4%
Rush Creek | 37.0% 36.1% 37.1% 37.5% 30.5% 31.6% 32.8% 359% 37.0% 36.6%
Rush Creek Il 37.0% 36.1% 37.1% 37.5% 305% 31.6% 32.8% 359% 37.0% 36.6%
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Table 2.4-4 shows the projected annual availability factor of Public Service-owned
generation facilities and energy storage systems over the RAP as required by Rule
3607 (a)(lI).

Table 2.4-4 Projected Availability Factors

Facility Name & Unit 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Comanche 1 92.2% 95.9%
Comanche 2 91.5% 85.3% 95.2% 95.2% 95.2%
Comanche 3 84.6% 92.1% 83.3% 92.1% 83.8% 92.1% 83.8% 92.1% 83.8% 92.1%
Craig 1 87.2% 87.2% 87.2% 87.2% 87.2%
Craig 2 87.2% 87.2% 87.2% 87.2% 87.2% 87.2% 87.2% 87.2% 87.2% 87.2%
Hayden 1 78.1% 95.4% 95.4% 86.3% 90.2% 90.2% 90.2% 90.2% 90.2% 90.2%
Hayden 2 94.0% 94.0% 85.0% 94.0% 88.3% 88.3% 88.3% 88.3% 88.3% 88.3%
Pawnee 1 95.1% 83.4% 95.1% 95.1% 84.9% 84.9% 84.9% 85.0% 84.9% 84.9%
Cherokee 5 85.9% 79.1% 87.3% 87.3% 87.3% 87.4% 87.3% 87.3% 87.4% 87.4%
Cherokee 6 78.9% 88.5% 91.0% 84.6% 86.3% 86.1% 86.3% 86.3% 86.1% 86.3%
Cherokee 7 85.2% 72.0% 82.4% 825% 825% 825% 825% 82.4% 82.4% 82.5%
Ft. St. Vrain 1 92.6% 92.6% 84.6% 92.6% 90.2% 90.2% 90.2% 90.2% 90.2% 89.8%
Ft. St. Vrain 2 93.6% 72.1% 93.6% 96.2% 96.2% 96.2% 96.2% 96.2% 96.2% 96.2%
Ft. St. Vrain 3 87.4% 92.0% 93.3% 85.6% 90.8% 90.8% 91.0% 90.9% 90.8% 91.0%
Ft. St. Vrain 4 89.5% 94.3% 95.6% 87.7% 93.2% 93.2% 93.2% 93.1% 93.1% 93.2%

Rocky Mt. Energy Center 1 85.1% 94.0% 95.3% 78.6% 89.0% 88.9% 88.9% 89.0% 88.9% 89.0%
Rocky Mt. Energy Center2  86.2% 96.6% 90.3% 79.7% 93.9% 93.9% 93.9% 93.9% 93.9% 93.9%
Rocky Mt. Energy Center 3 91.1% 91.1% 91.1% 75.7% 88.6% 88.7% 88.7% 88.6% 88.7% 88.6%

GAS COMBUSTION TURBINE UNITS

Alamosa 1 94.6% 94.6% 94.3% 95.1% 97.0% 97.0%

Alamosa 2 94.6% 94.6% 95.1% 94.9% 97.0% 97.0%

Blue Spruce 1 84.8% 97.8% 98.6% 98.6% 94.5% 945% 94.5% 945% 94.5% 94.5%
Blue Spruce 2 87.1% 97.8% 96.1% 99.4% 95.8% 95.9% 95.9% 95.9% 95.9% 95.7%
Fruita 1 79.1% 79.1% 79.8% 79.4% 81.0% 81.0%

Ft. Lupton 1 73.0% 73.0% 722% 72.2% 72.1% 72.2%

Ft. Lupton 2 71.0% 71.0% 70.2% 70.2% 70.2% 70.2%

Ft. St. Vrain 5 80.1% 84.6% 85.8% 85.8% 83.2% 83.2% 83.2% 83.2% 83.2% 83.2%
Ft. St. Vrain 6 81.8% 86.8% 88.0% 88.0% 86.3% 86.3% 86.3% 86.3% 86.3% 86.3%
Manchief 11 95.6% 96.2% 93.2% 93.2% 95.6% 95.6% 95.6% 95.6% 95.6% 95.6%
Manchief 12 95.6% 96.2% 93.2% 93.2% 95.6% 95.6% 95.6% 95.6% 95.6% 95.6%
Valmont 6 95.0% 95.0% 90.0% 90.0% 90.0% 90.0%

Valmont 7 95.0% 94.0% 93.1% 93.1% 93.1% 93.1% 93.1% 93.1% 93.1% 93.1%
Valmont 8 95.0% 94.0% 93.1% 93.1% 93.1% 93.1% 93.1% 93.1% 93.1% 93.1%
Cherokee 4 85.4% 85.4% 85.4% 85.4% 85.4% 85.4% 85.4%

Ames 28.5% 28.5% 285% 28.5% 285% 28.5% 285% 285% 28.5% 28.5%
Georgetown 1 31.6% 31.6% 31.6% 31.5% 31.6% 31.6% 31.6% 31.5% 31.6% 31.6%
Georgetown 2 31.6% 31.6% 31.6% 31.5% 31.6% 31.6% 31.6% 31.5% 31.6% 31.6%
Salida 2 32.6% 32.6% 32.6% 325% 32.6% 32.6% 32.6%
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Facility Name & Unit 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Shoshone A 64.7% 64.7% 64.7% 64.6% 64.7% 64.7% 64.7% 64.6% 64.7% 64.7%
Shoshone B 64.7% 64.7% 64.7% 64.6% 64.7% 64.7% 64.7% 64.6% 64.7% 64.7%
Tacoma 1 241% 24.1% 24.1% 24.1% 24.1% 241% 24.1% 24.1% 24.1% 24.1%
Tacoma 2 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1% 24.1%

SOLAR UNITS

Pena Station 31.1% 31.1% 31.1% 31.1% 31.1% 31.1% 31.1% 31.1% 31.1% 31.1%
PUMPED STORAGE UNITS

Cabin Creek A 94.3% 94.3% 94.3% 94.3% 94.3% 94.3% 943% 943% 94.3% 94.3%
Cabin Creek B 94.3% 94.3% 94.3% 94.3% 94.3% 94.3% 94.3% 94.3% 94.3% 94.3%

WIND UNITS

Cheyenne Ridge 50.8% 50.8% 50.8% 50.8% 50.8% 50.8% 50.8% 50.8% 50.8% 50.8%
Rush Creek | 42.7% 42.7% 42.7% 42.7% 42.7% 42.7% 42.7% 42.7% 42.7% 42.7%
Rush Creek Il 42.7% 42.7% 42.7% 42.7% 42.7% 42.7% 42.7% 42.7% 42.7% 42.7%

In-Service Date for Facilities Granted a CPCN

Rule 3607(a)(IV) requires the Company to provide estimated in-service dates for utility-
owned generation and energy storage facilities not in service at the time the ERP is filed.

The only utility-owned generation facility for which a CPCN has been granted but is not
in service at the time of filing this 2021 ERP, involves upgrades at the Company’s Cabin
Creek pumped storage facility. The upgrades include: (1) increasing the existing pump
turbine unit capacity from 324 MW to 360 MW, and (2) expanding the size of the upper
reservoir to provide an additional 75 acre-feet of storage capacity. Together, these
upgrades will provide an additional 112 MWh of energy generation per storage cycle and
36.6 MW of capacity, and the round-trip overall storage efficiency will be improved from
64.4 to 72.4 percent. A CPCN was granted on August 19, 2015 (Decision No. C15-
0955, Proceeding No. 15A-0304E). The estimated in-service date for Unit A is May
2021; the estimated in-service date for Unit B is June 2022.

Purchased Power

Public Service buys a significant amount of firm capacity and energy through power
purchase agreements (“PPAs”) with various agreement term lengths and fuel resource
types. These PPAs contain provisions that detail the amount and type of capacity
available to Public Service. Some are “unit contingent,” meaning that the delivered
capacity is contingent upon the availability of certain generating facilities. If one of these
facilities is not available for operation, the supplying counterparty can reduce the amount
of capacity provided to Public Service.
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Table 2.4-5 below summarizes the following for all PPAs to which Public Service
currently purchases firm capacity as required by Rule 3607(a)(VI) a description of
contract provisions that allow for modification of the amount of capacity or energy from
generation facilities or energy storage systems for current Public Service PPAS):

e Resource Type

e Firm Summer Capacity
e PPA Summer Expiration Year

Table 2.4-5 PPA Fuel Type, Summer Capacity, and Duration

Firm
Power Purchase Agreement .F;;é g;;nargif; EX?Z'; €s
(MW) (1)
Arapahoe 5,6,7 Gas 118.8 2023
Bighorn (5) Solar 114.4 2041
Bronco Plains (7) Wind 40.3 2045
Brush 1 Gas 60.0 2025
Brush 2 Gas 75.5 2021
Brush 3 Gas 30.0 2025
Brush 4D Gas 147.0 2022
Cedar Creek (7) Wind 40.3 2027
Cedar Creek 11 (7) Wind 33.6 2036
Cedar Point (7) Wind 33.8 2031
City of Boulder - Betasso (3) Hydro 1.7 2027
City of Boulder - Lakewood (3) Hydro 1.7 2027
City of Boulder - Silver Lake (3) Hydro 1.7 2027
KEPCO Alamosa (5) Solar 13.6 2031
Colorado Green (7) Wind 21.7 2038
Comanche (5) Solar 55.8 2041
DWB - Dillon (3) Hydro 1.1 2026
DWB - Foothills (3) Hydro 1.3 2026
DWB - Gross Reservoir (3) Hydro 4.5 2027
DWB - Hillcrest (3) Hydro 1.3 2026
DWB - Roberts Tunnel (3) Hydro 3.4 2026
DWB - Strontia (3) Hydro 0.7 2026
Fountain Valley 1-6 Gas 242.0 2031
Front Range-Midway (5) Solar 47.9 2042
Front Range-Midway (8) Storage 30.3 2042
Golden West (7) Wind 33.4 2040
Greater Sandhill (5) Solar 8.8 2030
Hartsel (5) Solar 34.5 2047
Hooper (5) Solar 23.2 2036
Limon | (7) Wind 26.8 2037
Limon Il (7) Wind 26.8 2037
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Firm
Power Purchase Agreement .F;;é (S::Sqangi?; Exz)zl)r €s
(MW) (1)
Limon 111 (7) Wind 26.9 2039
Logan (7) Wind 26.9 2027
Manchief Gas 301.0 2021
Mountain Breeze (7) Wind 23.0 2045
Neptune (5) Solar 119.8 2047
Neptune (8) Storage 75.6 2047
Northern Colorado | (7) Wind 20.3 2034
Northern Colorado Il (7) Wind 3.0 2029
PacifiCorp Exchange Coal 150.0 2022
Peetz Table (7) Wind 26.7 2032
Plains End | Gas 113.0 2027
Plains End Il Gas 115.6 2027
Redlands Water & Power (3) Hydro 0.8 2024
Ridge Crest (6) Wind 3.5 2022
San Luis (5) Solar 13.9 2031
Spindle Hill (1 + 2) Gas 314.0 2026
Spring Canyon (7) Wind 8.0 2025
STS (Mt. Elbert) (4) Hydro 0.0 2026
Sun Mountain (5) Solar 95.8 2037
SunE Alamosa | (5) Solar 3.1 2027
Thunder Wolf (5) Solar 95.8 2047
Thunder Wolf (8) Storage 60.5 2047
Titan (5) Solar 23.5 2038
Twin Buttes (7) Wind 10.1 2026
Waste Management Biomass 3.3 2023

(1) Firm capacity in 2023 due to different Effective Load Carrying Capabilities (ELCC) in 2021/2022 and
ELCCs are constant in 2023 forward for existing resources.

(2) Final year in which capacity is available to serve peak summer load.

(3) Firm capacity reflects 55.4% ELCC.

(4) Energy only contract.

(5) Firm capacity reflects 47.9% ELCC.

(6) Firm capacity reflects 11.9% ELCC in 2022 (due to expiration before 2023).

(7) Firm capacity reflects 13.4% ELCC.

(8) Firm capacity reflects 60.5% ELCC.
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Table 2.4-6 provides a description of contract provisions that allow for modification of the
amount of capacity or energy from generation facilities or energy storage systems for
current Public Service PPAs as required by Rule 3607(a)(V1).

Table 2.4-6 PPA Contract Modification Terms

Power Purchase
Agreement

Contract Modifications Terms

Arapahoe 5,6,7

Seller shall offer any Excess Energy and/or Excess Capacity providing Company a
Commercially Reasonable period of time of not less than 10 Business Days to respond
to the offer.

PSCo has the right to any Excess Capacity and Excess at the price offered by the

Brush 1/3 Seller.

PSCo has the right to either accept or decline any Excess Renewable Energy produced
Cedar Creek during any commercial operation year.

PSCo has the right to either accept or decline any Excess Renewable Energy produced
Cedar Creek Il during any commercial operation year.

PSCo has the right to either accept or decline any Excess Renewable Energy produced
Cedar Point during any commercial operation year.

PSCo has the right to accept or decline any energy produced in excess of 115% of the
KEPCO Alamosa Committed Solar Energy

Comanche (solar)

PSCo has the right to accept or decline any energy produced in excess of 115% of the
Committed Solar Energy

Fountain Valley 1-6

Seller shall offer any Excess Energy and/or Excess Capacity providing Company a
Commercially Reasonable period of time of not less than 10 Business Days to respond
to the offer.

Front Range-

PSCo has the right to accept or decline any energy produced in excess of 115% of the

Midway Committed Solar Energy.

Company shall elect by notice to Seller either to accept or to decline any Excess Energy

generated by the Facility through the balance of such Commercial Operation Year.

Failure by Company to deliver such notice shall be deemed an election by Company to
Hartsel decline any Excess Energy for that Commercial Operation Year.

PSCo has the right to accept or decline any energy produced in excess of 115% of the
Hooper Committed Solar Energy.

PSCo has the right to either accept or decline any Excess Renewable Energy produced
Limon | during any commercial operation year.

PSCo has the right to either accept or decline any Excess Renewable Energy produced
Limon I during any commercial operation year.

PSCo has the right to any Excess Capacity and Excess at the price offered by the
Manchief Seller.

PSCo has the right to accept or decline any energy produced in excess of 115% of the
Neptune Committed Solar Energy.

PSCo has the right to accept or decline any energy produced in excess of 115% of the
San Luis Committed Solar Energy.
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Power Purchase
Agreement

Contract Modifications Terms

Spindle Hill 1 + 2

Seller shall offer any Excess Energy and/or Excess Capacity providing Company a
Commercially Reasonable period of time of not less than 10 Business Days to respond
to the offer.

Sun Mountain

PSCo has the right to accept or decline any energy produced in excess of 115% of the
Committed Solar Energy.

Thunder Wolf

PSCo has the right to accept or decline any energy produced in excess of 115% of the
Committed Solar Energy.

Titan

Seller shall notify Company promptly upon Seller’s delivery of Renewable Energy
hereunder that exceeds 110% of the Committed Energy for a Commercial Operation
Year. Within 10 Business Days of any such notice, Company shall elect by notice to
Seller either to accept or to decline any Excess Energy generated by the Facility
through the balance of such Commercial Operation Year.

Table 2.4-7 provides the performance characteristics of Public Service-owned energy
storage systems including but not limited to discharge rates and durations, charging

rates, response
3607(a)(VIII).

time, and cycling losses and limitations as required by Rule

Table 2.4-7 Performance Characteristics of Public Service-Owned Energy

Storage Systems

Energy Storage

Hydro

System / Discharge | Duration | Charging | Response Cycling Losses /
Technology Rate 1) Rate (2) Time Limitations
Cabin Creek A/ 10 Requires 1.5 MW to
162 MW Pumped 162. MW 8 Hours 18.5 minutes pump same amount of
Maximum Hours

Maximum | water required to
generate 1 MW. Cabin

Cabin Creek B /
162 MW Pumped
Hydro

Creek is allowed to
maintain a maximum of

162 MW 185 10 2020 acre feet of water
. 8 Hours minutes S :
Maximum Hours . in inventory. This allows
Maximum

for 1407 MW-hrs of

Cabin Creek A+B /
324 MW Pumped
Hydro

generation with a full
upper reservoir. This will
20 decrease if water

4 Hours 9.5 Hours minutes inventory is less due to
Maximum | losses.

324 MW
Maximum

(1) Duration for maximum discharge rate.
(2) Storage reservarr fill rate.
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Table 2.4-8 provides the performance characteristics of energy storage systems
purchased from utilities and non-utilities, including but not limited to discharge rates and
durations, charging rates, response time; and cycling losses and limitations as required
by Rule 3607 (a)(1X).

Table 2.4-8 Performance Characteristics of Energy Storage Systems

Contracted Through PPA (Highly Confidential)

Energy Storage

Discharge : Charging | Response Cycling Losses /
S & Rate SRl Rate Time Limitations
Technology
Front Range- Minimum
Midway / 50 MW XXX Round Trip Efficiency
Lithium lon aniim\évm Minutes Iiﬂ(ia(zrrl\lﬂuvr\:] se)g)(r)l( ds During Term of PPA:
Batteries Discharging XXX
(expected) Rate
Minimum . -
Neptune / o XXX MW X Hours XXX MW XXX Rou_nd Trip EfflClency
125 MW Lithium : : ; : During Term of PPA:
) Maximum | Discharging | Maximum | seconds
lon Batteries XXX
Rate
Minimum . -
Thunder V\_/ol_f/ XXX MW X Hours XXX MW XXX Rou_nd Trip EfflClency
100 MW Lithium : : . : During Term of PPA:
X Maximum | Discharging | Maximum | seconds
lon Batteries Rate XXX

Note: Highly Confidential PPA data is indicated by blue highlight.
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Projected Emissions of Existing Resources

Tables 2.4-9 through 2.4-18 provide the projected emissions, in terms of pounds per
MWH and short-tons per year, of sulfur dioxide (SO2), nitrogen oxides (NOx), particulate
matter (PM_10), mercury (HG) and carbon dioxide (CO2) for: (1) generation facilities and
energy storage systems owned by Public Service, and generation facilities from which
Public Service has PPAs in effect at the time of this plan filing as required by Rule
3607(a)(X); and (2) generic resources included in the Company’s modeling as required
by Rule 3604(g).

Table 2.4-9 Projected CO2 Emissions (Tons) From Existing Resources

Alternative Plan
Year SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
2020 17,032,402 17,032,403 17,032,402 17,032,402 17,032,401 17,032,401 17,032,403 17,032,404
2021 16,598,748 16,598,747 16,598,748 16,598,748 16,598,748 16,598,748 16,598,747 16,598,747
2022 15,607,223 15,607,220 15,607,223 15,607,220 15,607,222 15,607,222 15,607,223 15,607,222
2023 13,842,739 13,842,737 13,842,736 13,842,736 13,842,738 13,842,737 13,842,738 13,842,735
2024 14,186,745 14,217,461 14,246,159 14,186,745 14,249,209 14,247,936 14,246,157 14,247,934
2025 12,099,386 9,938,125 12,161,558 12,107,443 12,155,494 12,161,661 12,161,554 12,161,656
2026 10,395,514 7,836,921 10,366,804 10,383,497 10,397,095 10,383,486 10,381,972 10,368,192
2027 9,798,732 7,049,240 9,719,063 9,720,239 9,323,078 9,703,494 9,718,929 9,720,292
2028 9,591,180 6,879,485 6,906,567 4,599,160 6,429,305 6,880,605 9,529,985 9,531,414
2029 8,548,500 5,677,864 5,712,580 3,688,838 5,214,913 3,117,376 5,623,369 3,011,629
2030 8,510,644 3,951,409 3,992,586 3,369,251 4,550,225 2,894,827 3,910,233 2,765,130
2031 8,267,477 3,962,257 4,003,554 3,380,568 4,414,212 2,907,305 3,919,927 2,776,615
2032 8,464,677 3,963,852 4,004,504 3,378,045 4,263,458 2,866,824 3,877,001 2,735,666
2033 8,260,899 3,956,699 3,993,842 3,307,219 4,102,256 2,850,047 3,873,712 2,719,339
2034 8,430,951 3,935,193 3,972,396 3,296,113 4,082,919 2,786,373 3,849,816 2,653,922
2035 8,269,656 3,923,710 3,963,285 3,226,653 3,899,618 2,809,467 3,847,893 2,686,211
2036 8,404,335 3,892,753 3,940,365 3,183,597 3,954,132 2,733,160 3,786,784 2,609,640
2037 7,944,014 3,852,288 3,891,376 3,147,843 3,767,518 2,716,502 3,754,479 2,583,307
2038 7,524,077 3,874,351 3,874,901 3,221,307 3,865,146 2,775,154 3,856,805 2,631,471
2039 7,073,894 3,731,865 3,730,571 3,186,239 3,710,672 2,784,091 3,740,655 2,645,843
2040 6,304,152 2,458,906 2,461,235 2,754,194 2,273,993 2,447,138 2,439,379 2,410,357
2041 5,650,231 1,966,603 1,973,777 2,218,522 1,900,873 1,984,589 1,973,717 1,994,252
2042 4,153,225 1,094,506 1,101,589 1,221,497 1,101,701 1,101,718 1,101,645 1,102,695
2043 3,722,822 924,858 929,503 1,007,295 929,543 929,543 929,519 931,270
2044 3,419,978 798,736 804,343 887,417 804,316 804,331 804,302 805,016
2045 752,941 663,795 666,623 739,763 666,653 666,620 666,665 667,506
2046 649,280 539,124 541,844 592,946 541,758 541,829 541,795 542,448
2047 474,279 396,818 398,598 433,990 398,626 398,618 398,612 399,128
2048 293,141 255,711 256,768 272,922 256,755 256,753 256,735 256,725
2049 152,674 133,240 133,536 143,083 133,509 133,514 133,525 133,511
2050 0 0 0 0 0 0 0 0
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Table 2.4-10 Projected CO2 Emissions (Tons) From Generic Resources

Alternative Plan
Year SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
2020 0 0 0 0 0 0 0 0
2021 0 0 0 0 0 0 0 0
2022 0 0 0 0 0 0 0 0
2023 0 0 0 0 0 0 0 0
2024 0 0 0 0 0 0 0 0
2025 0 0 0 0 0 0 0 0
2026 0 0 33,980 19,614 0 19,614 19,614 33,981
2027 23,688 103,046 37,710 37,732 421,877 48,672 37,710 37,751
2028 51,073 137,431 139,701 199,079 566,731 137,685 57,243 57,241
2029 127,208 240,792 230,574 248,454 700,000 428,794 276,700 495,564
2030 83,507 194,603 190,703 226,560 656,480 345,529 224,359 373,312
2031 96,345 201,123 194,622 244,080 661,950 340,428 215,890 381,770
2032 124,555 249,388 245,885 303,158 682,645 437,335 281,381 481,831
2033 149,536 267,539 265,731 324,416 713,145 469,129 302,043 498,221
2034 132,862 275,448 273,612 323,959 623,034 452,735 310,596 482,019
2035 118,416 228,189 223,203 273,806 632,162 370,469 249,626 389,927
2036 135,691 264,192 249,346 317,155 588,265 413,239 282,517 433,698
2037 172,044 287,943 280,706 319,834 634,768 438,558 296,102 445,720
2038 167,948 291,584 291,015 345,574 553,384 459,403 308,844 466,206
2039 194,040 303,956 305,214 353,689 555,900 476,375 295,207 477,687
2040 538,669 835,279 834,152 722,494 910,583 822,017 820,814 792,927
2041 507,923 648,943 645,426 626,198 697,537 640,651 645,160 634,948
2042 855,571 1,142,345 1,136,797 1,114,375 1,136,824 1,136,799 1,136,789 1,134,058
2043 752,008 952,391 948,398 957,050 948,415 948,402 948,389 947,652
2044 682,485 832,536 831,137 832,172 831,146 831,136 831,138 830,727
2045 692,276 696,406 694,221 694,550 694,228 694,219 694,212 694,371
2046 524,049 543,201 541,287 548,687 541,296 541,288 541,283 541,121
2047 399,784 417,625 416,504 423,576 416,512 416,505 416,502 416,260
2048 287,954 293,698 293,169 299,706 293,172 293,169 293,165 293,164
2049 149,421 152,683 152,632 154,926 152,634 152,632 152,631 152,630
2050 0 0 0 0 0 0 0 0
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Table 2.4-11 Projected SO2 Emissions (Tons) From Existing Resources

Alternative Plan
Year SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
2020 6,426 6,426 6,426 6,426 6,426 6,426 6,426 6,426
2021 7,264 7,264 7,264 7,264 7,264 7,264 7,264 7,264
2022 6,720 6,720 6,720 6,720 6,720 6,720 6,720 6,720
2023 5,521 5,521 5,521 5,521 5,521 5,521 5,521 5,521
2024 5,654 5,633 5,666 5,654 5,667 5,666 5,666 5,666
2025 4,948 3,201 4,958 4,945 4,962 4,957 4,958 4,957
2026 4,180 2,284 4,173 4,174 4,180 4,174 4,174 4,174
2027 3,980 2,134 3,959 3,959 3,988 3,958 3,958 3,959
2028 3,674 1,886 1,890 713 1,901 1,887 3,652 3,652
2029 2,994 1,132 1,134 42 1,144 20 1,130 16
2030 3,032 542 542 37 941 18 537 15
2031 2,925 541 541 37 894 18 537 15
2032 3,007 543 543 36 887 18 538 14
2033 2,890 540 540 34 812 18 537 14
2034 2,985 542 543 36 886 18 537 14
2035 2,899 540 540 33 801 17 536 13
2036 2,920 541 542 33 882 17 537 13
2037 2,715 539 539 32 802 17 536 13
2038 2,371 539 533 32 879 17 536 13
2039 2,139 482 466 31 800 16 531 13
2040 1,883 12 12 19 11 12 12 12
2041 1,798 10 10 13 9 10 10 10
2042 1,171 5 5 8 5 5 5 5
2043 1,062 5 5 7 5 5 5 5
2044 973 5 5 7 5 5 5 5
2045 7 5 5 8 5 5 5 5
2046 7 5 5 7 5 5 5 5
2047 7 5 5 7 5 5 5 5
2048 6 5 5 6 5 5 5 5
2049 5 5 5 7 5 5 5 5
2050 3 3 3 6 3 3 3 3
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Table 2.4-12 Projected SOz Emissions (Tons) From Generic Resources

Alternative Plan
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Table 2.4-13 Projected NOx Emissions (Tons) From Existing Resources

Alternative Plan
Year SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
2020 7,582 7,582 7,582 7,582 7,582 7,582 7,582 7,582
2021 7,914 7,914 7,914 7,914 7,914 7,914 7,914 7,914
2022 7,349 7,349 7,349 7,349 7,349 7,349 7,349 7,349
2023 6,038 6,038 6,038 6,038 6,038 6,038 6,038 6,038
2024 6,165 6,199 6,184 6,165 6,185 6,184 6,184 6,184
2025 5,437 4,753 5,453 5,435 5,455 5,453 5,453 5,453
2026 3,488 2,592 3,480 3,484 3,489 3,484 3,483 3,481
2027 3,305 2,366 3,273 3,274 3,228 3,265 3,273 3,274
2028 3,150 2,242 2,249 1,521 2,194 2,242 3,131 3,132
2029 2,439 1,474 1,481 866 1,420 530 1,421 468
2030 2,467 917 924 787 1,183 499 872 439
2031 2,372 918 925 779 1,139 496 868 433
2032 2,420 884 889 742 1,066 450 827 386
2033 2,321 869 874 703 995 434 816 375
2034 2,392 864 869 703 1,046 423 810 362
2035 2,316 856 861 666 970 421 805 362
2036 2,355 853 859 669 1,027 410 798 352
2037 2,194 845 850 659 962 407 787 344
2038 2,013 831 823 665 1,018 409 798 349
2039 1,836 772 762 643 954 405 763 344
2040 1,628 330 330 446 298 328 327 323
2041 1,522 258 259 327 249 260 259 262
2042 1,147 95 96 139 96 96 96 96
2043 1,046 92 92 123 92 92 92 92
2044 973 92 93 130 93 93 93 93
2045 120 94 94 137 94 94 94 94
2046 135 93 93 125 93 93 93 93
2047 121 89 90 118 90 90 90 90
2048 104 87 87 110 87 87 87 87
2049 100 91 92 123 92 92 92 92
2050 73 72 73 113 73 73 73 73
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Table 2.4-14 Projected NOx Emissions (Tons) From Generic Resources

Alternative Plan
Year SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
2020 0 0 0 0 0 0 0 0
2021 0 0 0 0 0 0 0 0
2022 0 0 0 0 0 0 0 0
2023 0 0 0 0 0 0 0 0
2024 0 0 0 0 0 0 0 0
2025 0 0 0 0 0 0 0 0
2026 0 0 12 7 0 7 7 12
2027 8 36 13 13 52 17 13 13
2028 17 47 48 69 75 47 19 19
2029 43 83 79 86 98 149 94 171
2030 28 66 64 78 88 119 76 128
2031 32 69 66 84 91 118 74 131
2032 40 84 82 103 102 149 94 163
2033 49 90 88 110 110 160 101 169
2034 44 92 91 110 97 154 104 163
2035 38 76 74 92 94 125 82 131
2036 44 88 83 107 89 140 94 147
2037 57 97 95 109 102 150 100 152
2038 55 98 98 117 86 157 104 159
2039 64 103 103 121 88 163 99 163
2040 126 181 178 152 168 174 174 166
2041 102 138 136 145 135 137 136 138
2042 171 248 247 247 247 247 247 246
2043 173 231 230 234 230 230 230 230
2044 178 230 229 233 229 229 229 229
2045 241 234 233 236 233 233 233 234
2046 220 223 222 230 222 222 222 223
2047 225 228 227 237 227 227 227 227
2048 229 240 239 242 239 239 239 239
2049 242 254 254 255 254 254 254 254
2050 288 310 309 305 309 309 309 309
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Table 2.4-15 Projected HG Emissions (Tons) From Existing Resources

Alternative Plan
Year SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
2020 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
2021 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
2022 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
2023 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
2024 0.06 0.05 0.06 0.06 0.06 0.06 0.06 0.06
2025 0.05 0.03 0.05 0.05 0.05 0.05 0.05 0.05
2026 0.04 0.02 0.04 0.04 0.04 0.04 0.04 0.04
2027 0.04 0.02 0.04 0.04 0.04 0.04 0.04 0.04
2028 0.04 0.02 0.02 0.00 0.02 0.02 0.04 0.04
2029 0.04 0.02 0.02 0.00 0.02 0.00 0.02 0.00
2030 0.04 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2031 0.04 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2032 0.04 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2033 0.04 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2034 0.04 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2035 0.04 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2036 0.04 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2037 0.03 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2038 0.03 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2039 0.03 0.01 0.01 0.00 0.01 0.00 0.01 0.00
2040 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2041 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2042 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2043 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2044 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2045 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2046 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2047 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2048 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2049 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2.4-16 Projected HG Emissions (Tons) From Generic Resources

Alternative Plan
Year SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
2020 0 0 0 0 0 0 0 0
2021 0 0 0 0 0 0 0 0
2022 0 0 0 0 0 0 0 0
2023 0 0 0 0 0 0 0 0
2024 0 0 0 0 0 0 0 0
2025 0 0 0 0 0 0 0 0
2026 0 0 0 0 0 0 0 0
2027 0 0 0 0 0 0 0 0
2028 0 0 0 0 0 0 0 0
2029 0 0 0 0 0 0 0 0
2030 0 0 0 0 0 0 0 0
2031 0 0 0 0 0 0 0 0
2032 0 0 0 0 0 0 0 0
2033 0 0 0 0 0 0 0 0
2034 0 0 0 0 0 0 0 0
2035 0 0 0 0 0 0 0 0
2036 0 0 0 0 0 0 0 0
2037 0 0 0 0 0 0 0 0
2038 0 0 0 0 0 0 0 0
2039 0 0 0 0 0 0 0 0
2040 0 0 0 0 0 0 0 0
2041 0 0 0 0 0 0 0 0
2042 0 0 0 0 0 0 0 0
2043 0 0 0 0 0 0 0 0
2044 0 0 0 0 0 0 0 0
2045 0 0 0 0 0 0 0 0
2046 0 0 0 0 0 0 0 0
2047 0 0 0 0 0 0 0 0
2048 0 0 0 0 0 0 0 0
2049 0 0 0 0 0 0 0 0
2050 0 0 0 0 0 0 0 0
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Table 2.4-17 Projected PM_10 Emissions (Tons) From Existing Resources

Alternative Plan
Year SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
2020 471 471 471 471 471 471 471 471
2021 417 417 417 417 417 417 417 417
2022 413 413 413 413 413 413 413 413
2023 391 391 391 391 391 391 391 391
2024 400 403 402 400 402 402 402 402
2025 339 364 341 339 341 341 341 341
2026 338 357 337 338 338 338 338 337
2027 310 316 307 308 290 307 307 308
2028 311 314 315 200 294 314 308 309
2029 284 285 287 184 265 170 285 168
2030 283 203 205 167 223 157 203 153
2031 272 203 205 167 217 156 203 152
2032 283 204 206 169 194 156 203 152
2033 273 202 204 164 188 154 201 150
2034 278 199 201 161 188 148 197 144
2035 270 197 199 158 178 148 196 144
2036 278 195 197 154 181 144 192 140
2037 261 191 193 151 173 141 189 137
2038 265 188 187 153 178 143 193 138
2039 249 179 179 151 171 142 181 137
2040 219 129 129 139 117 129 128 127
2041 197 104 104 115 100 105 104 105
2042 198 59 60 65 60 60 60 60
2043 183 57 57 61 57 57 57 57
2044 176 57 57 62 57 57 57 57
2045 63 57 57 63 57 57 57 57
2046 62 56 57 62 57 57 57 57
2047 60 55 55 60 55 55 55 55
2048 54 53 53 56 53 53 53 53
2049 56 56 56 59 56 56 56 56
2050 37 37 37 40 37 37 37 37
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Table 2.4-18 Projected PM_10 Emissions (Tons) From Generic Resources

Alternative Plan
Year SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
2020 0 0 0 0 0 0 0 0
2021 0 0 0 0 0 0 0 0
2022 0 0 0 0 0 0 0 0
2023 0 0 0 0 0 0 0 0
2024 0 0 0 0 0 0 0 0
2025 0 0 0 0 0 0 0 0
2026 0 0 1 1 0 1 1 1
2027 1 3 1 1 27 2 1 1
2028 2 4 4 6 36 4 2 2
2029 4 8 7 8 43 14 9 16
2030 3 6 6 7 41 11 7 12
2031 3 6 6 8 41 11 7 12
2032 4 8 8 10 41 14 9 15
2033 5 8 8 10 43 15 9 16
2034 4 9 9 10 37 14 10 15
2035 4 7 7 9 38 12 8 12
2036 4 8 8 10 35 13 9 14
2037 5 9 9 10 38 14 9 14
2038 5 9 9 11 33 15 10 15
2039 6 10 10 11 33 15 9 15
2040 26 42 42 36 50 42 41 40
2041 32 38 38 35 43 37 38 37
2042 60 79 79 77 79 79 79 79
2043 60 76 75 76 75 75 75 75
2044 66 78 78 78 78 78 78 78
2045 77 78 78 78 78 78 78 78
2046 73 77 77 77 77 77 77 76
2047 75 79 79 79 79 79 79 79
2048 83 84 84 86 84 84 84 84
2049 86 87 87 89 87 87 87 87
2050 107 109 109 111 109 109 109 109
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Demand-Side Management

Rule 3607(a)(Xl) requires the Company to describe the expected demand-side
resources during the resource planning period from existing measures installed through
Company-administered programs; and, from measures expected to be installed in the
future through Company-administered programs in accordance with a Commission-
approved plan.

On July 3, 2017, the Company filed an application in Proceeding No. 17A-0462EG for
approval of a number of strategic issues relating to its DSM Plan, including long-term
electric energy savings and demand response goals. Per the Commission's decision
(Decision No. C14-0731) in the 2013 Strategic Issues proceeding (Proceeding No. 13A-
0686EG), the Company has continued to use the approved demand response targets for
purposes of determining resource need. Since the approved goals extend only through
2023, the current assumption is that levels of demand response remain constant after
2023 for purposes of resource need determination. Table 2.4-19 reflects the approved
demand response goals.

Table 2.4-19 Demand Response Goals (MW)

Demand Response 2021 | 2022 | 2023
Strategic Issues DR Goal 489 | 503 | 520

To incorporate the impacts of future energy efficiency savings, the Company has
reduced its sales forecast energy efficiency programs through 2023 consistent with the
Commission’s order in Proceeding No. 17A-0462EG. Table 2.4-20 reflects the energy
efficiency targets through 2023.

Table 2.4-20 Energy Efficiency Goals (GWh)

Energy Efficiency 2021 | 2022 | 2023
Energy Efficiency Target 499 | 500 | 500
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Utility Coordination

Rule 3607(b) requires the Company to coordinate its ERP filings with other utilities
required to file resource plans, such that the amount of electricity purchases and sales
between the utilities during the planning period is reflected uniformly in their respective
plans. On the following pages, the Company has provided its coordination letters sent
to: (1) Tri-State Generation and Transmission Association, Inc. (“Tri-State”), and (2)
Black Hills Energy, requesting confirmation that the transaction information stated by
Public Service in its coordination letter is consistent with that which each respective utility
plans to use in any resource plan filing or reporting.
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@ Xcel Energy- N

[Derver, OO BO202

January 27, 2021

Mr. Brian Thempson

Resource Planning Manager

Tri-5tate Generation & Transmission Assocdiation
P.0. Box 33695

Denwver, CO 80233

Subject: Public Service Company of Colorado’s 2021 Electric Resource Plan
Dear Mr. Thoempson,

The Colorado Public Utilities Commission’s Resource Planning Rules require utilities to coordinate the reporting
of purchases and sales for purposes of resource planning between the utilities. With this letter, Public Service
Company of Colorado requests that Tri-5tate Generation & Transmission Asscciation confirm that the
transaction information listed below is consistent with that which Tri-5tate Generation & Transmission
Association plans to use in any resource plan filing or reporting.

Specifically, our request relates to CPUC Rule 3607 (b}, which states:

Utilities required to comply with these rules shall coordinate their [electric resource] plan
filings such that the amount of electricity purchases and sales between utilities during the
planning period is reflected wniformly in their respective plans. Disputes regarding the
amount, timing, price, or other terms and conditions of such purchases and sales shall be
fully explained im each wutility's plan. if a utility files an interim plan as specified in rule 3603,
the utility is not required to coordinate that filing with other utilities.

Currently, Public Service Company of Colorado has no firm purchases or sales with Tri-5tate Generation &
Transmission Assocation as the counterparty. As such, Public Service Company of Colorado is not including any
transactions with Tri-3tate Generation & Transmission Association in its determination of resource need.

If you agree with this information, please reply with a letter via email to Jim.Hili@xcelen .oom of
acknowledgement. We anticipate that we will indude your reply, as well as this letter of request, in our plan
filing to demonstrate compliance.

Thank you in advance for reviewing this information. Please contact me via email with any questions.

Sincerely,

Jirn Hill

Director Resource Planning and Bidding
Public Service Company of Colorado
1800 Larimer Strest

Suite 700

Cenver, CO 80202
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TRI-STATE

January 27 2021

Mr. Jim Hill

Director Resource Planning and Bidding
Public Service Company of Colorado
1800 Larimer Street

Suite 700

Denver, CO 80202

Subject: Public Service Company of Colorado’s 2021 Electric Resource Plan

Dear Mr_ Hill,

| concur with your statement in that currently, Public Service Company of Colorado has no firm
purchases or sales with Tri-5tate Generation & Transmission Assodation as the counterparty.

Thank you for reaching out to Tri-5tate in this matter.

Sincerely,

Brian Thompson

Resource Planning Manager

Tri-5tate Generation & Transmission Association
P.O. Box 33695

Denver, CO 80233

mmm“m A'Enhmwm
TR TES AL ODE
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@ Xcel Energy- N

[Derver, OO BO202

January 27, 2021

Mr. Justin Briges

Manager, Resource Planning
Black Hills Energy

P.0. Box 1400

Rapid City, 50 57709

Subject: Public S5ervice Company of Colorado’s 2021 Electric Resource Plan
Dear Mr. Briggs,

The Colorado Public Utilities Commission’s Resource Planning Rules require utilities to coordinate the reporting
of purchases and sales for purposes of resource planning between the utilities. With this letter, Public Service
Company of Colorado requests that Black Hills Energy confirm that the transaction information listed below is
consistent with that which Bladk Hills Energy plans to use in any resource plan filing or reporting.

Specifically, our request relates to CPUC Rule 3607 (b}, which states:

Utilities required to comply with these rules shall coordinate their [electric resource] plan filings
such that the amount of electricity purchases and sales between wtilities during the planning
period is reflected wniformly in their respective plans. Disputes regarding the amount, timing,
price, or other terms and conditions of such purchases and sales shall be fully explained in each
utility's plan. If a utility files an interim plan as specified in rule 3603, the utility is not required to
coordinate that filing with other utilities.

Currently, Public Service Company of Colorado has no firm purchases or sales with Black Hills Energy as the
counterparty. As such, Public 5ervice Company of Colorado is not including any transactions with Black Hills
Energy in its determination of resource need.

If you agree with this information, please reply with a letter via email to Jim Hilli@xcelenereyv.oom of
adbnowledgement. We anticipate that we will indude your reply, as well as this letter of request, in our plan
filing to demonstrate compliance.

Thank you in advance for reviewing this information. Please contact me via email with any questions.
Sincerely,

Jim Hill

Director Resource Planning and Bidding
Public Service Company of Colorado
1800 Larimer Strest

Suite 700

Cenver, CO 80202
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Black Hills Energy
tCally PO Box 1400

Justin Briggs _
Manager, Resource Planning Rapid City, D 57702
Justin briggs@blackhillscorp com P B0S-721-2652

February 11, 2021

Mr. Jim Hill

Director Resource Planning and Bidding
Public Service Company of Colorado
1800 Larimer Street

Suite 700
Denver, CO 80202

Subject. Public Service Company of Colorado’s 2021 Electric Resource Plan

Dear Mr. Hill:

| acknowledge receipt of your letter dated January 27, 2021 and confirm Public Service
Company of Colorado has no firm purchases or sales with Black Hills Energy as the

counterparty.

Sincerely,

Justin Briggs
Manager, Resource Planning

illsenergy.com
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25 BENCHMARKING

Background

In this Section, the Company presents benchmarking information contemplated by
Proposed Draft Rule 3607(c) in Proceeding No. 19R-0096E. Although this Proposed
Draft Rule will not be ultimately adopted by the Commission, the Company is voluntarily
providing this supplemental information given the extensive stakeholder and Commission
interest in the benchmarking concept over the course of Proceeding No. 19R-0096E.

Proposed Draft Rule 3607(c) states as follows:

Benchmarking. For the purpose of identifying existing resources that
potentially are not performing cost-effectively as compared to other
resources available in the market, the utility shall compare the costs and
performance of each of its existing supply-side resources greater than 20
MW of nameplate capacity to the costs and performance of the generic
resources.

In Decision No. C19-0197, the Commission explained that the benchmarking proposal
was intended to address the operating characteristics and costs of existing utility
resources for multiple purposes. For example, it could identify the existing resources
whose cost or performance deviate from expectations, which could potentially impact
ratepayers in the future. It was also intended to inform the analysis for potential early
plant retirements pursuant to Proposed Draft Rule 3604(k).*

In its comments filed on April 17, 2020 in Proceeding No. 19R-0096E, the Company
described how it planned to implement the benchmarking exercise contemplated by
Proposed Draft Rule 3607(c). Based on the expectation that benchmarking should focus
on a comparison of the cost and performance of supply-side generation resources
greater than 20 MW, the Company views the benchmarking exercise as an initial
economic screening of existing generation resources greater than 20 MW, similar to the
economic screening of bids using levelized cost information that the Commission has
approved for use as part of the Phase Il bid evaluation in past ERPs.

As initially described in its April 17, 2020 comments, the Company developed a
spreadsheet tool to be used in developing a single metric for each existing generation
resource type that: (1) captures both the cost and performance of the resource; and (2)
can be easily and transparently compared to the same metric from a generic resource.

4 Decision No. C19-0197, issued February 27, 2019, 1 68.
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As discussed below, the Company compared projections of the cost and performance of
all of its existing supply-side generation resources (owned and PPAS) greater than 20
MW with cost and performance estimates of generic resources. This included cost and
performance projections for a total of 47 existing supply-side generating resources as
summarized in Table 2.5-1 below.

Table 2.5-1 Summary of Existing Supply-Side Resources Assessed

Existing Resource | Number of Existing
Technology Units Assessed
Coal 5
Gas-fired CC 6
Gas-fired CT 10
Gas Steam 1
Pumped Storage 1
Solar 5
Wind 19
Total 47

Methodology

The cost and performance of existing coal, gas combined cycle (“CC”), wind, and solar
resources were represented using a $/MWh levelized energy cost (“LEC”) metric
calculated over the remaining resource asset life or PPA term at an assumed annual
generation capacity factor. The cost and performance of existing gas combustion
turbines (“CTs”) and pumped storage resources were represented using a $/kW-mo
levelized cost of capacity (“LCC”) metric calculated over the remaining resource asset
life or PPA term. Supply-side resources that have been approved by the Commission
for early retirement (i.e., Comanche 1 and 2) and new resources that have been
approved by the Commission but are not yet in-service at the time the 2021 ERP was
filed (e.g., solar and solar with storage resources approved by the Commission in Public
Service’s Colorado Energy Plan Portfolio) were not included in this benchmarking
exercise.

The LEC or LCC of the existing resources were then compared with the LEC or LCC of
generic resources. The pool of generic technologies used in this comparison included
wind, solar, 4-hour battery storage, gas-fired CC, and gas-fired CT. Information from the
National Renewable Energy Laboratory (“NREL”) 2020 Annual Technology Baseline
(“ATB”) document was used to develop cost and performance estimates for generic
wind, solar, and battery storage technologies. Information from Xcel Energy’s
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Engineering and Construction group was used to develop cost and performance
estimates for generic gas-fired CC, and gas-fired CT technologies.

The $/MWh LEC of existing wind and solar resources were compared with the LEC of
generic wind and solar resources, respectively. The $/MWh LEC of existing coal and
gas-fired CC units were compared with two different composites of generic resources.
Each generic composite, in aggregate, provides the same amount of generation capacity
and energy as that assumed for the existing coal or gas CC unit being assessed. One
generic composite was comprised of generic wind, solar, and gas-fired CTs. The other
generic composite was comprised of generic wind, solar, and 4-hour batteries.

An effective load carrying capability (“ELCC”) credit was applied to all resources (existing
and generic) in order to compare the firm MW of existing resources to the generic
composites. The ELCC for wind, solar, and battery resources decreases with increased
levels of these resources within a composite. This is evident in the wind, solar and
battery composite costs for the larger coal and CC units which have higher composite
costs relative to composites of smaller MW coal and CC units.

The $/kW-mo LCC of existing gas-fired CTs and pumped storage resources were
compared with both generic gas-fired combustion turbines and with generic 4-hour
battery storage.

Table 2.5-2 on the following page contains the results of the benchmarking evaluation.
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Table 2.5-2 Existing Supply-Side Resource Benchmarking Results

Generics Generics
Oown/ Lewelized Lewelized Lewelized
Rank Resource Gen Type  Purchase Cost Cost | Generics Resource Type | Cost Il Generics Resource Type Il
BASELOAD RESOURCES ($/MWh)
1. Pawnee 1 Coal Own $ 3839 $ 4153 COMPOSITE wind & solarwithCT $ 72.15 COMPOSITE wind & solar with battery
2. Hayden 1 Coal Own $ 39.25 $ 40.79 COMPOSITE wind & solar with CT $ 54.32 COMPOSITE wind & solar with battery
3. Hayden 2 Coal Own $ 4093 $ 40.81 COMPOSITE wind & solar withCT ~$ 54.27 COMPOSITE wind & solar with battery
4. Craig 2 Coal Oown $ 4527 $ 41.03 COMPOSITE wind & solar withCT ~$ 54.37 COMPOSITE wind & solar with battery
5. Comanche 3 Coal Oown $ 46.32 $ 41.56 COMPOSITE wind & solar with CT ~$ 72.17 COMPOSITE wind & solar with battery

INTERMEDIATE RESOURCES ($/MWh)

1. Ft. St. Vrain 1,2,3,4 Gas CC Own $ 4355 $ 51.01 COMPOSITE wind & solar with CT ~ $ 181.69 COMPOSITE wind & solar with battery
2. Rocky Mt Energy Center 1,2,3 Gas CC Own $ 5499 $ 51.01 COMPOSITE wind & solar with CT ~ $ 178.19 COMPOSITE wind & solar with battery
3. Arapahoe 5,6,7 Gas CC Purchase $ 57.06 $ 50.44 COMPOSITE wind & solar withCT ~$ 94.98 COMPOSITE wind & solar with battery

4. Cherokee 5,6,7 Gas CC own $ 60.63 $ 51.08 COMPOSITE wind & solar with CT ~$ 167.68 COMPOSITE wind & solar with battel
PEAKING RESOURCES ($/kW-mo)
Own

1. Manchief 11 + 12 Gas CT $ 152 $
2. Valmont 7 + 8 Gas CT Oown $ 193 $
3. Ft. Lupton 1+ 2 Gas CT Own $ 286 $
4. Brush 1/3 Gas CC Purchase $ 5.03 $
5. Valmont 6 Gas CT own $ 562 $
6. Ft. St. Vrain5+ 6 Gas CT Own $ 579 $
7. Fountain Valley 1-6 Gas CT Purchase $ 6.30 $
8. Brush 4D Gas CC Purchase $ 6.88 $
9. Spindle Hill Gas CT Purchase $ 7.59 $
10. Blue Spruce 1 + 2 Gas CT Oown $ 817 $
11. Plains End Il Gas CT Purchase $ 9.25 $
12. Plains End | Gas CT Purchase $ 9.35 $
. Cherokee 4 Gas Steam  Own $ 953 $

PUMPED STORAGE RESOURCES ($/kW-

1. Cabin Creek A + B Storage own $ 576 $
SOLAR RESOURCES ($/MWh)

1. Titan Solar Purchase $ 33.95 $

2. Hooper Solar Purchase $ 59.90 $

3. Comanche Solar Purchase $ 6250 $

4. San Luis Solar Purchase $ 138.25 $

5. KEPCO Alamosa Solar Purchase $ 143.01 $

WIND RESOURCES ($/MWh)

1. Bronco Plains Wind Purchase $ 10.68 $
2. Colorado Green Wind Purchase $ 14.16 $
3. Mountain Breeze Wind Purchase $ 18.00 $
4. Ridge Crest Wind Purchase $ 20.00 $
(1) 5. Cheyenne Ridge Wind Own $ 2061 $
6. Rush Creek I + Il Wind Oown $ 2868 $
7. Limon Il Wind Purchase $ 3113 $
8. Golden West Wind Purchase $ 36.10 $
9. Spring Canyon Wind Purchase $ 37.79 $
10. Limon | Wind Purchase $ 3871 $
11. Limon Il Wind Purchase $ 40.38 $
12. Cedar Creek Wind Purchase $ 4875 $
13. Twin Buttes Wind Purchase $ 53.39 $
14. Logan Wind Purchase $ 54.49 $
15. Peetz Table Wind Purchase $ 56.69 $
16. Cedar Point Wind Purchase $ 59.00 $
17. Northern Colorado | Wind Purchase $ 68.08 $
18. Northern Colorado II Wind Purchase $ 69.70 $
19. Cedar Creek Il Wind Purchase $ 72.50 $
GENERIC RESOURCES Levelized Units

- Generic CT $/kW-mo $  6.97

- Generic Battery $/kW-mo $ 26.63

- Generic Solar $/MWh $ 26.70

- Generic Wind $/MWh $ 29.15

- Generic CC $/MWh $ 59.76

@)

6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (CT)
6.97 Generic Combustion Turbine (C

6.97 Generic Combustion Turbine (C

26.70 Generic Solar @ 10% ITC

26.70 Generic Solar @ 10% ITC
26.70 Generic Solar @ 10% ITC
26.70 Generic Solar @ 10% ITC
26.70 Generic Solar @ 10% ITC

29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15
29.15

Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC
Generic Wind @ 0% PTC

Cheyenne Ridge includes approximately $4 of deferred tax asset costs.

PO PP DHPP DO PP HGB

26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battery
26.63 Generic Battel

26.63 Generic Battel
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Results Discussion with $0/ton CO2 Cost

Baseload Resources

The baseload resources include all Company-owned coal units. The 505 MW Pawnee
unit has the lowest LEC at $38/MWh. Pawnee’s LEC is 8% lower cost than the
composite with CTs and 47% lower than the composite with 4-hour batteries. The
Comanche 3 LEC is 11% higher than the composite with CTs and 35% lower cost than
the composite with 4-hour batteries. The LECs of Hayden units and Craig 2 lie in
between.

Figure 2.5-1 contains the results of the baseload resources analysis.

Figure 2.5-1 Existing Baseload Resources and Composite Results
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Intermediate Resources

Intermediate resources include three Company-owned units, and one PPA. Ft. St. Vrain
1,2,3,4 (“FSV”) has the lowest LEC at $44/MWh, 15% lower cost than the composite with
CTs and 76% lower than the composite with 4-hour batteries. The LEC of Cherokee
5,6,7 is 19% higher than the composite with CTs and 64% lower than the composite with
4-hour batteries. Rocky Mountain Energy Center and Arapaho 5,6,7 fall in between. All
CC units appear cost effective versus the generic composites.

Figure 2.5-2 contains the results of the intermediate resources analysis.

Figure 2.5-2 Existing Intermediate Resources and Composite Results
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Peaking Resources

The existing resources represented as peaking resources include gas steam (Cherokee
4), gas combustion turbines, and a gas CC unit. The Brush 4D gas CC unit is included
as a peaking resource given its high heat rate results in the unit being dispatched in a
peaking role. Manchief 11 + 12 has the lowest LCC at $1.53/kW-mo and is 78% and
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94% lower cost than the generic CT and 4-hour battery, respectively. The LEC of
Cherokee 4 at $9.53/kW-mo, is 37% higher than the generic CT and 64% lower than the
generic 4-hour battery. The remaining peaking resources fall in between.

Figure 2.5-3 contains the results of the peaking resources analysis.

Figure 2.5-3 Existing Peaking Resources and Generics Results
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Pumped Storage Resources

Cabin Creek is the Company’s only pumped storage resource with an LCC of $6/kW-mo,
which is 17% and 78% lower than the generic CT and 4-hour battery, respectively.

Figure 2.5-4 contains the results of the pumped storage resources analysis.
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Figure 2.5-4 Existing Pumped Storage Resource and Generics Results
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Solar Resources

The lowest-cost existing solar resource is the 50 MW Titan facility at an LEC of
$34/MWh, which is 27% higher cost than that of generic solar. KEPCO Alamosa is the
oldest solar unit in the benchmarking analysis at an LEC of $143/MWh, which is 435%
higher than that of generic solar.
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Figure 2.5-5 contains the results of the solar resources analysis.

Figure 2.5-5 Existing Solar Resources and Generics Results
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Wind Resources

The Bronco Plains facility has the lowest-ranked LEC at $11/MWh, 63% lower than that
of generic wind. Cedar Creek Il has an LEC of $73/MWh, 149% higher than the generic
wind.
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Figure 2.5-6 contains the results of the wind resources analysis.

Figure 2.5-6 Existing Wind Resources and Generics Results
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Results Discussion with CO2 Cost at Social Cost of Carbon

Existing baseload and intermediate resources were also benchmarked with the social
cost of carbon (“SCC”) reflected in Figure 2.5-7 embedded within the LECs. The results
of the benchmarking evaluation with the SCC are provided in Table 2.5-3. Given that
peaking resources were represented in the benchmarking on an LCC basis which is
capacity focused, the peaking resources were not represented in the benchmarking with
a SCC applied to their LCC.
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Figure 2.5-7 Social Cost of Carbon ($ per short-ton)

Social Cost of Carbon (SCC)

300

250
200
150
100

50

SCC ($/short-ton)

O ™ A0 O D9 DD XD QD OO DO D
PPN DR PP LD L
B P P NN NN S S S I U U R S S

Table 2.5-3 Existing Supply-Side Resource Benchmarking Results with the
Social Cost of Carbon

Lewelized Generics Generics
Oown/ Costw/ Lewelized Lewelized
Rank Resource Gen Type  Purchase SCC Cost | Generics Resource Type | Cost Il Generics Resource Type Il
1. Hayden 2 Coal Own $ 106.34 $ 40.81 COMPOSITE wind & solar with CT $ 54.27 COMPOSITE wind & solar with battery
2. Hayden 1 Coal Own $ 109.96 $ 40.79 COMPOSITE wind & solar with CT $ 54.32 COMPOSITE wind & solar with battery
3. Pawnee 1 Coal Own $ 118.06 $ 41.53 COMPOSITE wind & solar with CT $ 72.15 COMPOSITE wind & solar with battery
4. Craig 2 Coal Own $ 128.06 $ 41.03 COMPOSITE wind & solar with CT $ 54.37 COMPOSITE wind & solar with battery
5. Comanche 3 Coal Oown $ 127.33 $ 41.56 COMPOSITE wind & solar with CT $ 72.17 COMPOSITE wind & solar with batte
INTERMEDIATE RESOURCES ($/MWh)
1. Ft. St. Vrain 1,2,3,4 Gas CC Oown $ 7288 $ 51.01 COMPOSITE wind & solar with CT $ 181.69 COMPOSITE wind & solar with battery
2. Arapahoe 5,6,7 Gas CC Purchase $ 8178 $ 50.44 COMPOSITE wind & solar with CT $ 94.98 COMPOSITE wind & solar with battery
3. Rocky Mt Energy Center 1,2,3 Gas CC Oown $ 8590 $ 51.01 COMPOSITE wind & solar with CT $ 178.19 COMPOSITE wind & solar with battery
4. Cherokee 5,6,7 Gas CC Oown $ 90.42 $ 51.08 COMPOSITE wind & solar with CT $ 167.68 COMPOSITE wind & solar with batte
- Generic CC $/MWh $ 97.33

Baseload Resources:

Hayden 2 unit has the lowest LEC at $106/MWh, 161% and 96% higher than the
composite with CTs and the composite with 4-hour batteries respectively. The LEC of
Comanche 3 is 206% and 76% higher than the composite with CTs and the composite
with 4-hour batteries respectively. A SCC cost adder was not applied to the
representation of composites with CTs or 4-hour batteries. Figure 2.5-8 contains the
results of the baseload resources analysis.
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Figure 2.5-8 Existing Baseload Resources with and Without SCC and
Composite Results
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Intermediate Resources:

With the SCC adder, FSV shows the lowest LEC at $73/MWh, 43% higher than the
composite with CTs and 60% lower than the composite with 4-hour batteries. Cherokee
5,6,7 at $90.42/MWh is 77% higher cost than the composite with CTs and 45% lower
cost than the composite with 4-hour batteries. Again, both type of composites have no

SCC adder due to the resource types within the composites.
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Figure 2.5-9 contains the results of the intermediate resources analysis.

Figure 2.5-9 Existing Intermediate Resources with and Without SCC and
Composite Results
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Expanded Methodology Discussion

The LEC and LCC calculations were performed by taking the unit inputs, calculating the
annual unit operating costs, and annualizing the costs over the remaining resource asset
life or PPA term (shown as the “Summer Expiration Year”). All inputs in the calculations
are broken down by resource and ownership type in the Tables 2.5-4 through 2.5-8
below.

Next, the NPV of the total annual costs was divided by the NPV of the annual energy
over the remaining resource asset life or PPA term for the LEC calculation (baseload,
intermediate, solar, and wind resources). For the LCC calculation (peaking and pumped
storage resources), annual costs were divided by the unit's capacity and then by 12 to
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get the cost per capacity per month ($/kW-mo), and the annual costs of this result were
then calculated back to the present NPV.

The Company’s current discount rate of 7.04% was used for all NPV calculations, and
the period included from 2020 to the unit's Summer Expiration Year. Thermal resources
(baseload and intermediate) were given a static capacity factor to level the evaluation
since numerous inputs control how often these units run. Renewable resources (solar
and wind) used a historical average to determine the capacity factors, given how often
these units are run is dependent on location and weather.

Table 2.5-4 contains the inputs and calculations of the baseload resources.

Table 2.5-4 Baseload Resources Inputs and Calculations

BASELOAD RESOURCES ($/MWh)

OWNED UNITS
Summer Expiration Year

Nameplate Capacity (MW)
Capacity Factor (%)

Annual Energy (GWh)

Heat Rate (btu/kWh)
Fuel Price ($/MMbtu)
Variable O&M Rate ($/MWh)

Revenue Requirements ($M)
Fixed O&M Costs ($M)
Variable O&M Costs ($M)
Fuel Costs ($M)

=A*B*8.76

G

H
I=C*F/1000
J=C*D*E /16

Total Annual Costs ($M)

K=G+H+1+]

LEC ($/MWh) L=K*1000/C
SCC ($/short-ton) M

SCC ($/lb) N = M / 2000
CO2 Emissions (Ib/MWh) (0]

CO2 Emission Rate ($/MWh) P = N*O

SCC Cost ($M) Q=C*P

LEC w/ SCC ($/MWh)

R=(Q*1000/C)+L

PURCHASED UNITS

n/a

blue = input / black = calculation

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 162 oF 163



Table 2.5-5 contains the inputs and calculations of the intermediate resources.

Table 2.5-5 Intermediate Resources Inputs and Calculations

OWNED UNITS
Summer Expiration Year

PURCHASED UNITS
Summer Expiration Year

INTERMEDIATE RESOURCES ($/MWh)

PPAs CAF (%) A
Nameplate Capacity (MW) A PPAs DAF (%) B
Capacity Factor (%) B
Annual Energy (GWh) C=A*B*8.76 Nameplate Capacity (MW) C
Capacity Factor (%) D
Heat Rate (btu/kWh) D Annual Energy (GWh) E=C*D*8.76
Fuel Price ($/MMbtu) E
Variable O&M Rate ($/MWh) F Heat Rate (btu/kWh) F
Fuel Price ($/MMbtu) G
Revenue Requirements ($M) G Capacity Rate ($/kW-mo) H
Fixed O&M Costs ($M) H Dispatchability ($/kW-mo) |
Gas Demand Charge ($M) | Tolling ($/MWh) J
Variable O&M Costs ($M) J=C*F/1000
Fuel Costs ($M) K=C*D*E/ 16 Gas Demand Charge ($M) K

Total Annual Costs ($M)

L=G+H+1+J+K

Fixed Costs ($M)

L=(A*H+B*Il)*C*12/ 1000

Variable Costs ($M) M = E * J/ 1000
LEC ($/MWh) M=1L *1000/C Fuel Costs ($M) N=E*F*G/ 1e6
Total Annual Costs ($M) O=K+L+M+N
SCC ($/short-ton) N
SCC ($/Ib) O = N/ 2000 LEC ($/MWh) P=0*1000 /E
CO2 Emissions (Ib/MMBtu) P
($/MMbtu) Q=0*P SCC ($/short-ton) Q
CO2 Emission Rate ($)MWh) R = D* Q /1000 SCC ($/lb) R =Q/ 2000
SCC Cost ($M) S =C*R/ 1000 CO2 Emissions (Ib/MMBtu) S
($/MMbtu) T=R*S
LEC w/ SCC ($/MWh) T=(S*1000/C)+M CO2 Emission Rate ($/MWh) U= F * T/ 1000
SCC Cost ($M) V =E *U/ 1000
LEC w/ SCC ($/MWh) W = (V * 1000/ E) + O

blue = input / black = calculation
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Table 2.5-6 contains the inputs and calculations of the peaking resources.

Table 2.5-6 Peaking Resources Inputs and Calculations

PEAKING RESOURCES ($/kW-mo)

OWNED UNITS
Summer Expiration Year

Nameplate Capacity (MW)

Revenue Requirements ($M)

Fixed O&M Costs ($M)
Gas Demand Charge ($M)

A

Total Annual Costs ($M)

LCC ($/kW-mo)

B
C
D
E=B+C+D

F=E*1000/A /12

PURCHASED UNITS
Summer Expiration Year

PPAs CAF (%)

PPAs DAF (%)
Nameplate Capacity (MW)
Capacity Rate ($/kW-mo)
Dispatchability ($/kW-mo)

Gas Demand Charge ($M)
Capacity Costs ($M)
Dispatchability ($M)

mooOm>

F
G=A*C*D*12/1000
H=B*C*D*12/1000

Total Annual Costs ($M)

LCC ($/kW-mo)

I=F+G+H

J=1*1000/C/12

blue = input / black = calculation

Table 2.5-7 contains the inputs and calculations of the pumped storage resources.

Table 2.5-7 Pumped Storage Resources Inputs and Calculations

PUMPED STORAGE RESOURCES ($/kW-mo)

OWNED UNITS PURCHASED UNITS
Summer Expiration Year n/a
ELCC (%)

@ >

Nameplate Capacity (MW)

Revenue Requirements ($M) B
Fixed O&M Costs ($M) C
Total Annual Costs ($M) D=

B+C

LCC ($/kW-mo) F=E*1000/B/12/A

blue = input / black = calculation

Table 2.5-8 contains the inputs and calculations of the solar and wind resources.

Table 2.5-8 Solar and Wind Resources Inputs and Calculations

SOLAR & WIND RESOURCES ($/MWh)

OWNED UNITS PURCHASED UNITS

LEC ($/MWh) CPCN Summer Expiration Year

Nameplate Capacity (MW) A
Capacity Factor (%) B
C

Annual Energy (GWh) =A*B*8.76
Energy Payment Rate ($/MWh) D

Total Annual Costs ($M) E =C*D/ 1000
LEC ($/MWh) F=E*1000/C

blue = input / black = calculation
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Table 2.5-9 contains the sources of all inputs for owned resources.

Table 2.5-9 Owned Resources Sources of Inputs

OWNED UNITS

Input Source Note

Summer Expiration Year L&R / Energy Supply Last summer the plant is available.

Nameplate Capacity (MW) L&R / Energy Supply Average of summer and winter net dependable capacity.
Capacity Factor (%) Resource Planning Static value for thermal units.

Heat Rate (btu/kWh) Energy Supply tests Awverage of summer, winter, and spring/fall net unit heat rate.
Fuel Price ($/MMbtu) Risk Management / Fuel Supply forecast
Variable O&M Rate ($/MWh) Energy Supply forecast

Revenue Requirements ($M) Revenue Requirements' model

Fixed O&M Costs ($M) Energy Supply forecast

SCC ($/short-ton) Regulatory

CO2 Emissions (Ib/MWh) Energy Supply tests

Gas Demand Charge ($M) Gas Planning forecast

CO2 Emissions (Ib/MMBtu) Energy Supply tests

ELCC (%) Resource Planning ELCC study

With Energy Supply's On-Going Capital Expenditures forecast.

Table 2.5-10 contains the sources of all inputs for purchased resources.

Table 2.5-10 Purchased Resources Sources of Inputs

PURCHASED UNITS

Input Source Note

Summer Expiration Year L&R / Purchase Power contracts Last summer the plant is available.
PPAs CAF (%) Purchase Power contracts

PPAs DAF (%) Purchase Power contracts

Nameplate Capacity (MW) L&R / Purchase Power contracts
Capacity Factor (%) Purchase Power

Heat Rate (btu/kWh) Energy Supply / Purchase Power
Fuel Price ($/MMbtu) Risk Management / Fuel Supply forecast
Capacity Rate ($/kW-mo) Purchase Power contracts
Dispatchability ($/kW-mo) Purchase Power contracts
Tolling ($/MWh) Purchase Power contracts

Gas Demand Charge ($M) Gas Planning forecast

SCC ($/short-ton) Regulatory

CO2 Emissions (Ib/MMBtu) Energy Supply / Purchase Power
Energy Payment Rate ($/MWh) Purchase Power contracts

Contracted capacity.
Static value for thermal units, historical average for renewables.
Average of summer, winter, and spring/fall net unit heat rate.

Comparison of Historical Costs with Projected Costs

Figures 2.5-10 through 2.5-22 below provide graphical illustrations of how historical costs
for the Company’s owned units align with the forecasted costs for those same units that

were utilized in the benchmarking analysis.
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Figure 2.5-10 shows the historical (solid line) and forecasted (dashed line) Ongoing
Capital Expenditures (“CapEx”) for baseload resources.

Figure 2.5-10 Baseload Resources Historical and Forecasted Ongoing CapEXx
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Figure 2.5-11 shows the historical (solid line) and forecasted (dashed line) CapEx for
Comanche 3.

Figure 2.5-11 Comanche 3 Historical and Forecasted Ongoing CapEx
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Figure 2.5-12 shows the historical (solid line) and forecasted (dashed line) CapEx for

intermediate resources.

Figure 2.5-12 Intermediate Resources Historical and Forecasted Ongoing

CapEx
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Figure 2.5-13 shows the historical (solid line) and forecasted (dashed line) CapEx for
peaking resources.

Figure 2.5-13 Peaking Resources Historical and Forecasted Ongoing CapEx

Historical vs. Forecast Ongoing CapEx (S000s) - PEAKING

$12,000
$10,000
$8,000
8
3 e BlueSpruce
W
5 o000 . Cherokee4
a
S N FtLupton
>4,000 'l' 5 \ e FSV-CT
-
l' "I S -—-"”__—___-—“"t\ e\ alMON1t6
TR Il Ll N
$2,000 [ "' 5"- W
! W
INEN
W\
11 \
AR
S - anles § o
) ) ) 2] ) )
N v % > o ©
P P P P P
2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 169 oF 170



Figure 2.5-14 shows the historical (solid line) and forecasted (dashed line) CapEx for
pumped storage resources.

Figure 2.5-14 Pumped Storage Resources Historical and Forecasted Ongoing
CapEx
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Figure 2.5-15 shows the historical (solid line) and forecasted (dashed line) fixed
operations and maintenance (“O&M?”) costs for baseload resources.

Figure 2.5-15 Baseload Resources Historical and Forecasted Fixed O&M
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Figure 2.5-16 shows the historical (solid line) and forecasted (dashed line) fixed O&M
costs for Comanche 3.

Figure 2.5-16 Comanche 3 Historical and Forecasted Fixed O&M
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Figure 2.5-17 shows the historical (solid line) and forecasted (dashed line) fixed O&M
costs for intermediate resources.

Figure 2.5-17 Intermediate Resources Historical and Forecasted Fixed O&M
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Figure 2.5-18 shows the historical (solid line) and forecasted (dashed line) fixed O&M
costs for peaking and pumped storage resources.

Figure 2.5-18 Peaking and Pumped Storage Resources Historical and
Forecasted Fixed O&M
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Figure 2.5-19 shows the historical (solid line) and forecasted (dashed line) variable O&M

costs for baseload resources.

Figure 2.5-19 Baseload Resources Historical and Forecasted Variable O&M

Historical vs. Forecast Variable O&M Rate (S/MWh) - BASELOADS

5.0
4.5
4.0
3.5
3.0

25 k

2.0

-

S -

==

15 \/Qf—- -

- -

———
1.0

0.5

Variable O&MRate ($/MWh)

e Craig2
Haydenl
e Hay den2

— Pawnee

Note: Do not have historical Craig
VOMS consistent withthe other
facilities as we are minorityowners
and are billed for O&M from Tri-State.

%

) 2
3 $
> » »

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN

PusLIc SERVICE COMPANY OF COLORADO

VOLUME 2 - TECHNICAL APPENDIX

PAGE 175 0F 176



Figure 2.5-20 shows the historical (solid line) and forecasted (dashed line) variable O&M
costs for Comanche 3.

Figure 2.5-20 Comanche 3 Historical and Forecasted Variable O&M
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Figure 2.5-21 shows the historical (solid line) and forecasted (dashed line) variable O&M
costs for intermediate resources.

Figure 2.5-21 Intermediate Resources Historical and Forecasted Variable O&M
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Finally, Figure 2.5-22 shows the last five years of CapEx spends for various units before
their retirements.

Figure 2.5-22 Retired Units Last 5 Years of CapEx
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2.6 ASSESSMENT OF POTENTIAL EARLY RETIREMENTS

Background

In this Section, the Company presents an assessment of potential cost-effective early
retirement of utility-owned resources with retirement dates during the planning period as
contemplated by Proposed Draft Rule 3604(l) in Proceeding No. 19R-0006E. Although
this Proposed Draft Rule will not be ultimately adopted by the Commission, the Company
is voluntarily providing this supplemental information in response to the extensive
stakeholder and Commission interest put forward over the course of Proceeding No.
19R-0096E.

Proposed Draft Rule 3604(]) states as follows:

An assessment of potential cost-effective early retirements of utility-owned
resources with retirement dates during the planning period, including the
costs associated with incremental depreciation expenses and estimated
operational and capital savings. For each early retirement reviewed, the
utility shall describe the replacement resource need, possible system
reliability impacts, and corrective actions for such impacts.

In its comments filed on May 7, 2020 in Proceeding No. 19R-0096E, the Company
asserted that the benchmarking evaluation performed under Proposed Draft Rule
3607(c) (coupled with the statutory clean energy targets going out until 2050 that provide
an ongoing carbon emissions reduction planning overlay on every ERP between now
and 2050, and the application of the SCC to the development of resource plans)
provides the Commission with the tools necessary to consider early unit retirements.
Nonetheless, the Company used the EnCompass computer model to estimate the costs
and benefits of retiring each Company-owned gas-fired resource with a retirement date
prior to 2055 and provides this supplemental assessment below. Company-owned
renewable resources were not included in this analysis. Company-owned coal units
were not included as their evaluation is a core component of the CEP analysis.

Analysis Methodology

Costs and benefits associated with early retirement of each separate Company-owned
resource were analyzed using the EnCompass computer model.

The analysis was performed as follows:

1. Baseline Model: The Company developed a baseline model representation of the
Public Service electric power supply system for all years of the planning period
(2021-2055). The model was run for years 2020-2050, and costs and load were
repeated without inflation or growth for years 2051-2055. This baseline model
included all existing Company-owned resources continuing to operate using their
current fuel source, to their current retirement date. Each owned gas-fired
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resource was modeled to include: the revenue requirements associated with
recovery of undepreciated plant balance plus ongoing capital additions to the unit,
to the current retirement date; fixed and variable O&M cost projections; and unit
heat rate, fuel costs and emission rates. The baseline model was developed
using SCC for CO2 expansion plan selection and $0/ton for CO2 8760-dispach,
and the same system assumptions as those used in modeling the Company’s
ERP and CEP plans (e.g., load, fuel prices, generic resource alternatives, etc.).
The model was run for the entire 2021-2055 planning period and the resulting
planning period present value of revenue requirements (“PVRR”) were calculated.
The planning period PVRR from this baseline model was later compared with
model runs in which each existing utility owned resource was early retired.

2. Early Retirement Models: The Company developed a series of early retirement
models (7 total), each of which modifies the baseline model discussed above, by
retiring a single Company-owned resource by EOY 2027. Each utility-owned
resource being assessed in these early retirement models was represented with
accelerated recovery of its undepreciated plant balance starting in year 2024 and
ending EQY 2027. Fixed and variable O&M cost projections, unit heat rate, fuel
costs, and emission rates for the retiring unit were modeled the same as in the
baseline model up to EOY 2027, at which time the unit was retired in the modeling
(i.e., shut off). Each early retirement model was run for years 2021-2055, during
which the model could, at its discretion, backfill the capacity and energy of the
retired utility resource from the suite of generic resources discussed in Section
2.14.

3. Cost/Savings Calculation ($/kW): The planning period PVRR for each early
retirement model was compared with that of the baseline model and a PVRR delta
was calculated. A total of 7 PVRR deltas were developed (one for each of the 7
early retirement models). The cost or savings of early retiring each utility-owned
resource was represented by dividing these resulting PVRR deltas by the kilowatt
nameplate rating of the utility resource being assessed. In instances in which
early retirement of a unit resulted in added cost to the system (i.e., a higher PVRR
than the baseline PVRR), the resulting $/kW for that unit would be a positive
number. In instances in which early retirement of a unit resulted in cost savings
(i.e., a lower PVRR than the baseline PVRR), the resulting $/kW for that unit
would be a negative number. Tables 2.6-1 and 2.6-2 summarize the results of the
analysis.
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Table 2.6-1 Potential Cost-Effective Early Retirement Analysis Results
(PVRR Utility Cost)

A B B-A B-A
Plants with Retirement Nameplate Baseline EOY 2027 Early Retire
Dates within Planning Gen Capacity |PVRR Utility Cost| PVRR Utility Cost Delta Delta
Period Type (MwW) 2021-2055 ($M) 2021-2055 ($M) ($M) | ($/kWw)
Cherokee 5,6,7 Gas CC 588 $38,545 $38,977 $432 $734
Ft. St. Vrain 1,2,3,4 Gas CC 798 $38,545 $39,027 $482 $604
Rocky Mt Energy Center Gas CC 638 $38,545 $39,044 $499 $782
Blue Spruce 1 + 2 Gas CT 278 $38,545 $38,802 $257 $924
Ft. St. Vrain 5 + 6 Gas CT 303 $38,545 $38,753 $208 $685
Manchief 11 + 12 Gas CT 282 $38,545 $38,677 $131 $466
Valmont 7 + 8 Gas CT 84 $38,545 $38,636 $91 $1,079

Table 2.6-2 Potential Cost-Effective Early Retirement Analysis Results
(PVRR Utility Cost + NPV CO2)
A B B-A B-A
Baseline EOY 2027 Early Retire

Plants with Retirement Nameplate | PVRR Utility Cost +| PVRR Utility Cost +
Dates within Planning Gen Capacity NPV CO2 NPV CO2 Delta Delta
Period Type (MW) 2021-2055 ($M) 2021-2055 ($M) (SM) | ($/kW)
Cherokee 5,6,7 Gas CC 588 $47,318 $47,752 $434 $738
Ft. St. Vrain 1,2,3,4 Gas CC 798 $47,318 $47,820 $503 $630
Rocky Mt Energy Center Gas CC 638 $47,318 $47,860 $542 $850
Blue Spruce 1 + 2 Gas CT 278 $47,318 $47,574 $256 $922
Ft. St. Vrain 5 + 6 Gas CT 303 $47,318 $47,549 $231 $763
Manchief 11 + 12 Gas CT 282 347,318 $47,484 $166 $588
Valmont 7 + 8 Gas CT 84 $47,318 $47.418 $101 $1,199

Discussion

The results of this analysis summarized in Tables 2.6-1 and 2.6-2 show that early
retirement of the existing gas-fired units evaluated results in added costs to customers in
all cases. No coal units were included in this analysis as their cost effectiveness and
potential early retirements are included in the CEP analysis.

This is not entirely unexpected, as the majority of these units have been in service for a
number of years and the residual book value has diminished to the point where the
capital carrying costs are relatively low and more economical than new construction
thermal resources. Additionally, these units have very high ELCC values, requiring a
disproportionate nameplate capacity of renewable or storage resources to replace their
firm capacity contribution.
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As shown in Table 2.6-2, the added costs to customers increase when including the SCC
in the net present value calculations. This is because losing any gas-fired unit leads to
an increase in coal generation, which has a higher CO2 emissions rate per unit of energy
than all gas-fired units.
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2.7 ANCILLARY SERVICES ASSESSMENT

In this Section, the Company voluntarily presents an ancillary services assessment as
contemplated by Proposed Draft Rule 3607(d) in Proceeding No. 19R-0096E. Although
this Proposed Draft Rule will not be ultimately adopted by the Commission, the Company
is providing this supplemental information in response to the extensive stakeholder and
Commission interest put forward over the course of Proceeding No. 19R-0096E.

Proposed Draft Rule 3607(d) states as follows:

Ancillary services assessment. The utility shall identify its existing resources
that provide various ancillary services necessary to support its distribution and
transmission systems, including, but not limited to, black start resources, non-
spinning reserves, spinning reserves, regulation and frequency response,
reactive power, voltage control, system control, dispatch services, and energy
imbalance services.

In Decision No. C20-0207-1, the Commission explained that one purpose of the
“ancillary services rule” proposed in the NOPR is to help the Commission gain
greater familiarity with such services and how they are used by Colorado electric
utilities.®

Table 2.7-1 provides this supplemental information identifying the Company’s existing
resources that provide various ancillary services.

5 See Decision No. C20-0207-I, Proceeding No. 19R-0096E at 7 123.
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Table 2.7-1 Ancillary Services Provided by Existing Resources

Regulation
Non- and Energy
Spinning | Spinning | Frequency | Reactive Voltage System Dispatch | Imbalance
Generation Facility Generation Type Black Start | Reserves | Reserves | Response | Power Control Control | Services | Services
Comanche 1 Coal X X X X AGC X X
Comanche 2 Coal X X X X AGC X X
Comanche 3 Coal X X X X AGC X X
Craig 1 Coal
Craig 2 Coal
Hayden 1 Coal X X Manual X X
Hayden 2 Coal X X Manual X X
Pawnee 1 Coal X X X X AGC X X
PacifiCorp Coal
Cherokee 4 Gas Steam X X X X AGC X X
Cherokee 5,6,7 Gas CC X X X X AGC X X
Ft. St. Vrain 1,2,3,4 Gas CC X X X X AGC X X
FSV Unit #4 - Upgrade Gas CC X X X X AGC X X
FSV Unit #3 - Upgrade Gas CC X X X X AGC X X
FSV Unit #2 - Upgrade Gas CC X X X X AGC X X
Rocky Mt Energy Center 1,2,3 Gas CC X X X X AGC X X
RMEC #2 + 3 - Upgrade Gas CC X X X X AGC X X
RMEC #1 + 3 - Upgrade Gas CC X X X X AGC X X
Brush 4D Gas CC X X X X AGC X X
Arapahoe5,6,7 Gas CC X X X X AGC X X
Alamosa 1 Gas CT X X X X X Manual X X
Alamosa 2 Gas CT X X X X X Manual X X
Blue Spruce 1 Gas CT X X X X AGC X X
Blue Spruce 2 Gas CT X X X X AGC X X
Fruita 1 Gas CT X X X X X AGC X X
Ft. Lupton 1 Gas CT X X X X X AGC X X
Ft. Lupton 2 Gas CT X X X X X AGC X X
Ft. St. Vrain 5 Gas CT X X X X AGC X X
Ft. St. Vrain 6 Gas CT X X X X AGC X X
Valmont 6 Gas CT X X X X X AGC X X
Brush 1 Gas CC X X X X AGC X X
Brush 2 Gas CC X X X X AGC X X
Brush 3 Gas CT X X X X AGC X X
Fountain Valley 1-6 Gas CT X X X X X AGC X X
Manchief - PPA Gas CT X X X X AGC X X
Plains End | Gas CT X X X X X X AGC X X
Plains End Il Gas CT X X X X X X AGC X X
Spindle Hill 1 +2 Gas CT X X X X AGC X X
Cabin Creek A - MID REFURB Storage
Cabin Creek B- MID REFURB Storage
Cabin Creek A-2022 Storage X X X X X X AGC X X
Cabin Creek B-2022 Storage X AGC
Cabin Creek A Storage X X X X X X AGC X X
Cabin Creek B Storage X X X X X X AGC X X
Waste Management Biomass
Ames Hydro
Georgetown 1 Hydro
Georgetown 2 Hydro
Salida 2 Hydro
Shoshone A Hydro X X
Shoshone B Hydro X X
Tacoma 1 Hydro
Tacoma 2 Hydro
City of Boulder - Betasso Hydro
City of Boulder - Silver Lake Hydro
City of Boulder - Lakewood Hydro
DWSB - Foothills Hydro
DWSB - Strontia Hydro
DWB - Dillon Hydro
DWSB - Roberts Tunnel Hydro
DWSB - Hillcrest Hydro
DWB - Gross Reservoir Hydro
Orchard Mesa/Grand Valley Hydro
Redlands Water & Power Hydro
Ute Hydro
STS (Mt. Elbert) Hydro X X
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Regulation
Non- and Energy
Spinning | Spinning | Frequency [ Reactive | Voltage System Dispatch | Imbalance
Generation Facility Generation Type Black Start | Reserves | Reserves | Response | Power Control Control | Services | Services
Pena Station Solar
SunE Alamosa | Solar X
Greater Sandhill Solar X
San Luis Solar X X AGC X
Cogentrix Alamosa Solar X X AGC X
Hooper Solar X X X AGC X X
Comanche (Solar) Solar X X X AGC X X
DG Solar*Rewards Solar - BTM
DG Solar*Rewards Community Solar - Community
DG Non-funded Solar Solar - BTM
DG Solar RETIREMENTS Solar - BTM
DG Solar Community RETIREMENTS Solar - Community
DG Solar FORECAST Solar - BTM
DG Solar Community FORECAST Solar - Community
Titan Solar X X X AGC X X
Rush Creek | Wind X X X AGC X X
Rush Creek |1 Wind X X X AGC X X
NREL - DOE Wind
NREL - Gamesa Wind
NREL - Siemens Wind
Ridge Crest Wind X X Manual X
Spring Canyon Wind Manual X
Twin Buttes Wind X X X Manual X X
Cedar Creek Wind X X X AGC X X
Peetz Table Wind X X X AGC X X
Logan Wind X X X AGC X X
Northern Colorado | Wind X X X AGC X X
Northern Colorado Il Wind X X X AGC X X
Cedar Creek I Wind X X X AGC X X
Cedar Point Wind X X X AGC X X
Limon | Wind X X X AGC X X
Limon I Wind X X X AGC X X
Limon Il Wind X X X AGC X X
Golden West Wind X X X AGC X X
Bighorn Solar TBD
Colorado Green Wind X X X AGC X X
Mountain Breeze Wind X X X AGC X X
Cheyenne Ridge Wind X X X AGC X X
Bronco Plains Wind X X X AGC X X
Valmont 7 Gas CT X X X X X AGC X X
Valmont 8 Gas CT X X X X X AGC X X
Hartsel Solar TBD
Sun Mountain Solar TBD
Front Range-Midway - Solar Solar TBD
Front Range-Midway - Storage Storage TBD
Neptune - Solar Solar TBD
Neptune - Storage Storage TBD
Thunder Wolf -Solar Solar TBD
Thunder Wolf - Storage Storage TBD
Mkt Purchase - Basin Electric Coop | Market Purchase Sched
Mkt Purchase - PRPA Market Purchase Sched
Mkt Purchase - Basin Electric Coop Il Market Purchase Sched
Firm Transmission Import Firm Trans Import Sched
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2.8 TRANSMISSION RESOURCES

In this Section, the Company provides Transmission Resources information required by
Rule 3608 as described below. This Section begins with an overview of the electric
transmission system and existing transmission capabilities, and a discussion of transfer
capability limitations on the transmission network. Next, this Section discusses
transmission projects implemented since the 2016 ERP and other transmission facilities
and upgrades planned through 2030, including Colorado’s Power Pathway 345 kV
Transmission Project. Last, this Section discusses transmission service and
coordination agreements.

Electric Transmission System Overview

As of 2020, Public Service owns and maintains approximately 4,867 circuit-miles of
transmission lines, all of which are located inside Colorado. The transmission lines are
rated 44 kV, 69 kV, 115 kV, 138 kV, 230 kV, and 345 kV. The Company also uses 236
transmission and distribution substations to transform and deliver electric energy.

Colorado is on the eastern edge of the Western Electric Interconnection, which operates
asynchronously from the Eastern Electric Interconnection. The Public Service—
Southwestern Public Service Company Tie-line and 210 MW High Voltage Direct Current
(“HVDC") back-to-back converter station, in-service since December 31, 2004, provides
the first link in Colorado between the two interconnections.

Public Service has ownership in the jointly owned western slope transmission facilities
extending from the Craig/Hayden area in Northwestern Colorado south to the Four
Corners area.

The bulk power transmission system within the Denver/Boulder metro area consists
primarily of a double-circuit 230 kV loop around the Denver metro region. This outer belt
loop feeds into the 230 kV and 115 kV load-serving networks at various points on the
system. 345 kV transmission helps serve the Denver metro loads with wind and solar
generation resources located in the Pawnee, Limon, and Pueblo areas.

Figure 2.8-1 shows a map of the 2020 Colorado Transmission System including Public
Service’s transmission facilities.
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Figure 2.8-1 Colorado Transmission Map
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TOT Transfer Capability Limitations

In this Section, the Company provides information regarding the location and extent of
transfer capability limitations on its transmission network as required by Rule 3608(a).

Public Service shares ownership in four jointly owned transmission corridors within the
Colorado/Wyoming/Utah/New Mexico area. These jointly owned transmission corridors
are called “TOTs,” which is an acronym for “total of transmission.” These TOTs are
numbered 2A, 3, 5, and 7. The Total Transfer Capability (“TTC”) across these TOTs is
developed regularly by coordination and agreement of the owners of the TOT facilities.

The North American Electric Reliability Corporation (“NERC”) is a not-for-profit
international regulatory authority whose mission is to assure the reliability of the bulk
power system in North America. NERC develops and enforces Reliability Standards,
annually assesses seasonal and long-term reliability, monitors the bulk power system
through system awareness, and educates, trains, and certifies industry personnel. The
Southwest Power Pool (“SPP”) also provides situational awareness and real-time
monitoring of the TOTSs in its role as the Reliability Coordinator (“RC”) for Public Service.

The Rocky Mountain Operating Study Group (“RMOSG”), of which Public Service is a
participating member, reviews and approves the TTCs for each of the four TOTs (2A, 3,
5and 7). The RMOSG is one of four Regional Study Groups in the Western Electricity
Coordinating Council (“WECC”) that annually performs studies to determine the
seasonal TTCs. Each Regional Study Group is responsible for reviewing and approving
the seasonal TTCs and submitting the results to SPP.

Presently, Public Service’s TTC allocations on these TOTs are committed to serve
Public Service native load. Public Service posts available transmission capability
(“ATC”) on the WestTrans OASIS node at http://www.oatioasis.com. Transmission
tariffs, including transmission terms, conditions, and pricing, are posted on the
WestTrans OASIS node.

Figure 2.8-2 illustrates the TOT locations. The power transferred across these TOT
paths is continuously monitored by the designated operating agent for each TOT to
ensure that the path limits (TTCs) are not exceeded. All TOTs have been rated by
WECC and the Transmission Providers that jointly own the TOTs. Public Service
shows TOT 1A in Figure 2.8-2 but does not further describe the TOT in this report as
Public Service does not have any transmission rights on TOT 1A.
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Table 2.8-1 shows Public Service’s TOT capability on each path.

Table 2.8-1 TOT Transmission Transfer Capability Limitations (2021)

Public Service
Capability
Public Service Firm Path Committed
Path Transmission Lines Transfer Capability (MW) (MW)
TOT 2A | Waterflow-San Juan 345 kV 135 north-south | 200 south-north | 135 north-south
Hesperus-Glade Tap 115 kV 200 south-north
Lost Canyon-Shiprock 230 kV
Archer-Ault 230 kV
TOT 3 | LRS-Ault 345 kv 56 north-south 56 south-north | 56 north-south
LRS-Story 345 kV 0 south-north
Cheyenne-Owl Creek 115 kV
Sidney-Sterling 115 kV
Sidney-Spring Canyon 230 kV
Cheyenne-Ault 230 kV
North Park-Archer 230 kV
Craig-Ault 345 kV 480 west-east 480 east-west | 480 west-east
TOT 5 | Hayden-Gore Pass 230 kV 480 east-west
Hayden-Gore Pass 138 kV
Gunnison — Poncha 115 kV
Curecanti-Poncha 230 kV
Hopkins-Malta 230 kV
Basalt-Malta 230 kV
TOT 7 | Weld-Fort St. Vrain 230 kV 516 north-south | 516 south-north | 516 north-south
LOﬂgS Peak -FSV 230 kV 2 south-north
Ault-Fort St. Vrain 230 kV
TOT 2A

TOT 2A represents the transmission path that connects southwestern Colorado with
New Mexico and Arizona. This path is comprised of three transmission lines and has a
north to south limit of 690 MW minus net load in the Montrose-Curecanti-San Juan-
Shiprock area of southwest Colorado. The limit is based on a single contingency of the
Hesperus-San Juan 345 kV line. The path is jointly owned by WAPA, Tri-State, and
Public Service. The south to north limit is not defined, but Public Service has ownership
rights to 200 MW of transfer capability in the south to north direction on this path and a
135 MW share of the maximum north to south transfer capability of 690 MW. However,
the limit is dynamic and monitored continuously. The limit is also highly dependent on
local southwest Colorado loads and drops significantly as the loads increase and when

southwest Colorado generation is off-line.
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TOT 3

TOT 3 is the transmission path that connects Wyoming and Nebraska with northeastern
Colorado. This path is comprised of seven transmission lines and presently has a
maximum north to south transfer limit of 1,680 MW that is adjusted seasonally to
account for load and local generation variations.

WAPA, Tri-State, Basin Electric Power Cooperative, Wyoming Municipal Power Agency,
Municipal Energy Agency of Nebraska, Los Alamos County and Public Service jointly
own the TOT 3 transmission lines. Public Service owns 3.57& of the path which equites
to 60 MW of firm transfer capability on TOT 3 in the north to south direction. Since the
south to north limit is not defined at this time, Public Service-owned transfer capability is
the same 60 MW south to north.

Operationally, TOT 3 is the most constraining transmission path used to import power
into eastern Colorado. Once the TOT 3 capacity limit is reached, further schedules into
eastern Colorado over TOT 5 result in the overloading of TOT 3. In this condition the
overloading of TOT 3 is due to the increased (west to east) flow on TOT 5’s North Park-
Terry Ranch Road 230 kV line into Wyoming, resulting in an increased (north to south)
flow on TOT 3’s Terry Ranch Road-Ault 230 kV line into Colorado.

TOT S5

TOT 5 represents the transmission path that connects western Colorado to eastern
Colorado. The TOT 5 path is comprised of eight transmission elements and presently
has a west to east operating transfer limit of 1,680 MW. The west to east rating of the
path is defined through established operating practices. WAPA, Tri-State, Platte River
Power Authority (“PRPA”), and Public Service jointly own the TOT 5 transmission lines.
Public Service owns 480 MW of firm transfer capability on TOT 5 in the west to east
direction and, since the east to west limit is not defined at this time, Public Service-
owned transfer capability is the same 480 MW east to west.

Public Service’s 480 MW firm transfer capability in the west to east direction on TOT 5
is fully committed to transmitting capacity and associated energy from the Company’s
purchased power resources and from Company-owned resources located in western
Colorado. Public Service has committed the east to west direction as backup for
western Colorado loads and for counter-scheduling needs.

TOT 7
TOT 7 is south of the TOT 3 path and consists of three transmission lines that transfer

power to the north Denver metro area. The TOT 7 path has a north to south transfer
limit of 890 MW. The south to north transfer limit is not defined at this time.
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Public Service and PRPA jointly own TOT 7. Public Service owns 516 MW of firm
transfer capability on TOT 7. Since TOT 7 is located east of TOT 5 and south of TOT 3,
TOT 7 use generally requires coordinated use of both the TOT 3 and TOT 5 paths.

Senate Bill 07-100 New Transmission Additions

Rule 3608(b) requires the Company to provide a description of all transmission lines
and facilities appearing in its most recent report filed with the Commission pursuant to
8§ 40-2-126, C.R.S. that, as identified in that report, could reasonably be placed into
service during the RAP.

Senate Bill 07-100 (“SB 07-100"), which is codified at § 40-2-126, C.R.S., was signed
into law in 2007 to expand Colorado’s electric transmission system and promote the use
of renewable resources. It established requirements for utilities to continually evaluate
and, if necessary, improve electric transmission facilities to meet the state’s existing and
future energy needs. Five Energy Resource Zones (“ERZs”) with significant renewable
energy potential were also identified. Historically, Public Service filed SB 07-100
Reports by October 31 of each odd-numbered year. In 2017, Decision No. R17-0747 in
Proceeding 17R-0489E subsequently modified the Commission’s Rules implementing
SB 07-100 to allow the Company to demonstrate compliance with the requirements of
SB 07-100 as part of the biennial 10-Year Transmission Plan filed pursuant to Rule
3627 (“Rule 3627 Report”), combining the two filings into a single proceeding. The SB
07-100 Report is now located within the Rule 3627 Report. The Company filed its most
recent Rule 3627 Report in February 2020 (Proceeding No. 20M-0008E). The February
2020 Rule 3627 Report is available on Xcel Energy’s Transmission website.®

Enerqgy Resource Zones

Public Service first designated ERZs in its 2007 SB 07-100 Report, and through its
subsequent 2008 Informational Report and 2009 SB 07-100 Report revised those
designated ERZs to the number and status described below:

ERZ 1. In Northeast Colorado, ERZ 1 includes all or parts of
Sedgwick, Phillips, Yuma, Washington, Logan, Morgan, Weld, and
Larimer Counties. The geography of this ERZ is similar to the way it
was described in the 2007 SB 07-100 Report, but it has been redrawn
to provide clarity so that major metropolitan areas (particularly the
greater Denver metro area) are not included in any ERZ.

ERZ 2: ERZ 2 is in East Central Colorado, and includes all or parts of
Yuma, Washington, Adams, Arapahoe, Elbert, EI Paso, Lincoln, Kit

Shttp://www.transmission.xcelenergy.com/Planning/Planning-for-Public-Service-Company-of-Colorado.
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Carson, Kiowa, and Cheyenne Counties. The geography of this ERZ
is also similar to that described in the 2007 SB 07-100 Report but has
been redrawn to remove the greater Denver metro area as well as
parts of Colorado Springs.

ERZ 3: ERZ 3 is in Southeast Colorado, and includes all or parts of
Baca, Prowers, Kiowa, Crowley, Otero, Bent, and Las Animas
Counties. This ERZ is somewhat smaller than the ERZ 3 that was
described in the 2007 SB 07-100 Report; its western portion is now in
ERZ 5.

ERZ 4. ERZ 4 is in the San Luis Valley, and includes all or parts of
Costilla, Conejos, Rio Grande, Alamosa, and Saguache Counties.
This ERZ is somewhat smaller than the ERZ 4 created for the 2007 SB
07-100 Report, as it now includes only the San Luis Valley region and
does not include any of wind Generation Development Area (“GDA") 8
which is now located wholly within the new ERZ 5.

ERZ 5. ERZ 5 is in South-Central Colorado, and includes all or parts
of Huerfano, Pueblo, Otero, Crowley, Custer, and Las Animas
Counties.

Figure 2.8-3 illustrates the five ERZs overlaid upon the wind and solar GDAs that were
identified in the 2007 Senate Bill 07-091 Task Force Report.
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Figure 2.8-3 Energy Resource Zones with Generation Development Areas
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Pursuant to Rule 3608(b) and 3608(c), Table 2.8-2 below provides a description of all
transmission lines and facilities appearing in the Company’s most recent report filed
with the Commission pursuant to 8 40-2-126, C.R.S. (i.e., the February 2020 Rule
3627 Report), that, as identified in that report, could reasonably be placed into service
during the RAP.

The SB 07-100 project that is likely to be placed in service during the RAP is

Colorado’s Power Pathway 345 kV Transmission Project, which is described in detail
below.

Table 2.8-2 SB 07-100 Projects Likely to be In-Service During the RAP

Currently
Scheduled Estimated Approximate
CPCN In-Service Cost Injection Length
Project ERZs Status Date ($ millions) Capability (Miles)
Colorado’s Filed on
Power Pathway L2 March2, | 20252027 1,750 3000 — 3500 560
Transmission 3,5
. 2021
Project

Implemented SB 07-100 Transmission Projects Since the 2016 ERP

1. Pawnee — Daniels Park 345 kV Transmission Project (ERZ 1)

Description: This project was filed in the 2007 SB 07-100 Report and
consists of developing approximately 95 miles of 345 kV transmission
between the Pawnee Substation near Brush, Colorado, and the Daniels Park
Substation, south of Denver along with approximately 25 miles of 345 kV
transmission between the Daniels Park Substation and the Harvest Mile
Substation, east of Denver. The project allows for approximately 800 MW of
additional resources in ERZs 1 and 2, interconnected at or near the Pawnee
and Missile-Site Substations. The Missile Site 345 kV substation (ERZ 2)
bisects the project.

Status: The project was placed in service in December 2019.

Colorado’s Power Pathway 345 kV Transmission Project

On March 2, 2021, Public Service filed an Application for a CPCN in Proceeding No.
21A-0096E for the Colorado’s Power Pathway 345 kV Transmission Project (the
“Pathway Project”). The Pathway Project is a 560-mile, 345 kilovolt (“kV”) double circuit
transmission facility that will provide a high voltage networked transmission facility that
interconnects the Eastern Plains and Southern Colorado to Public Service’'s load
centers, providing developers the ability to develop and bid cost-effective projects into
renewable-rich ERZs 1, 2, 3, and 5.
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As detailed in Proceeding No. 21A-0096E, the Pathway Project is comprised of five
project segments. The northern terminus of the Pathway Project will be at the
Company'’s existing Fort St. Vrain Substation (located at the Fort St. Vrain generating
station) in Platteville in western Weld County. The Pathway Project will then span east
to a new substation near Pawnee, east/southeast to near the Cheyenne Ridge Wind
Project, south to near Lamar, and then west to the Tundra Substation, near the
Comanche generating plant. The Pathway Project will then run north to the Company’s
existing Harvest Mile Substation, located adjacent to the City of Aurora in Arapahoe
County.

In its CPCN Application, Public Service also presented for Commission consideration a
90-mile, 345 kV extension called the May Valley-Longhorn Extension. The May Valley-
Longhorn Extension would involve constructing approximately 90 miles of new 345 kV
double circuit transmission line from the new May Valley Substation, at the southeastern
corner of the Pathway Project near Lamar,’ south to a new Longhorn Substation located
near Vilas, Colorado. This optional extension to the Pathway Project would establish
additional transmission interconnection opportunities for potential clean energy resource
developers in the wind-rich southeastern area of the state. The Company anticipates
that having a well-planned transmission line to this area will not only facilitate clean
energy resource development, but also minimize the potential likelihood of clean energy
project developers needing to construct multiple generation tie lines in this region to
interconnect to the Pathway Project, at potentially high costs to individual generation
projects bid into this and future ERPs.

A vicinity map of the five segments comprising the Pathway Project and the May Valley-
Longhorn Extension relative to the ERZs is shown in Figure 2.8-4 below. As discussed
in the Company’s CPCN filing in Proceeding No. 21A-0096E, a transmission line route
has not been identified. Therefore, the vicinity map below shows the general study area
within which the transmission line will be routed as the project develops.

7 Note the May Valley Substation will be constructed as part of the Pathway Project even if the May
Valley-Longhorn Extension is not approved.
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Figure 2.8-4 Pathway Project and May Valley-Longhorn Extension Vicinity Map
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The Pathway Project will be constructed in three phases with certain segments planned
to be in-service by the end of 2025, and subsequent segments planned to be in-service
by 2026 and 2027 as shown in Figure 2.8-5 below. Segments 2 and 3 will traverse the
wind-rich areas in eastern Colorado. By having those segments and substations
constructed and in-service by the end of 2025, wind and solar developers will be able to
interconnect their resources prior to the expiration of the Production Tax Credits
(“PTCs”) and Investment Tax Credits (“ITCs”). Bids submitted by generation developers
will enable significant cost savings to customers if those generating resources can be
online before the end of 2025, which is when the PTC is set to expire and the ITC steps
down. Thus, Public Service anticipates that placing Segments 2 and 3 and the May
Valley-Longhorn Extension (if approved) in service by the end of 2025 could drive clean
energy cost savings for customers. A map of the Pathway Project segments and
estimated in service dates is shown in Figure 2.8-5.
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Figure 2.8-5 Pathway Project and May Valley-Longhorn Extension Estimated
In-Service
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The Pathway Project will effectuate an interconnected transmission system that: (1)
achieves improved reliability and operational flexibility while interconnecting needed
clean generation resources; and (2) enables the delivery of electric energy from these
generation resources to the Company’s load centers. An additional benefit of the
Pathway Project is that it will network a large portion of the existing, Rush Creek and
Cheyenne Ridge 345 kV transmission line(s) that together effectively comprise a 153-
mile radial generator tie-line currently connected to Public Service’'s networked
transmission system only at Missile Site Substation.

Joint Transmission Proposal

October 30, 2020, the Company filed Updated Joint Transmission Proposal and Joint
Final Comments (the “Joint Transmission Proposal”) in response to Decision No. C20-
0661-1 in the ERP rulemaking proceeding (Proceeding No. 19R-0096E). The Joint
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Transmission Proposal was a consensus proposal put forward by a diverse coalition of
stakeholders that aimed to better align transmission planning and resource planning by
allowing bidding into bid-eligible planned transmission projects in the Phase II
competitive solicitation without burdening developers with costs from the transmission
project.®  The Joint Transmission Proposal also sets forth a process whereby the
Commission approves a “menu” of bid-eligible planned transmission projects as part of
the Phase | decision.® The Joint Transmission Proposal did not preclude the filing of
CPCNs for new transmission ahead of an ERP, as the Company has done with the
Pathway Project (filed in Proceeding No. 19A-0096E).

At the Commissioners’ Weekly Meeting on March 24:- 2021, the Commission discussed
the rulemaking at length and decided to not adopt new rules as a result of the
proceeding.'’® However, one of the items the Commission focused on in those
deliberations was the Joint Transmission Proposal. During their deliberations, the
Commission lauded the work which yielded the Joint Transmission Proposal and
encouraged the use of the process, outside of new Rules, if applicable. The
Commission directed the Company to address in its 2021 ERP & CEP, to the extent
necessary, how the Company has incorporated the Joint Transmission Proposal into its
2021 ERP & CEP, but recognized that since the development of the Joint Transmission
Proposal the Company has filed a CPCN for the Pathway Project.

While the Pathway Project is conceptually consistent with the Joint Transmission
Proposal’s objective of providing bidders with greater certainty around transmission
assets, it does not meet the definition per se of a bid-eligible transmission resource
under the Joint Transmission Proposal. Notably, the Joint Transmission Proposal
contemplates the designation of planned transmission as bid-eligible in the Phase |
process, with the Phase Il process ultimately determining if the Company should move
forward with CPCNSs for the designated planned transmission projects. An ERP Phase
Il decision is not expected until late 2022 or early 2023, which will not allow time to
develop the Pathway Project and have certain segments in service by 2025. Given
these timing issues, the Company filed its CPCN for the Pathway Project ahead of this
ERP.

The Company is not proposing any bid-eligible planned transmission under the Joint
Transmission Proposal. The Company has considered other transmission projects such
as the Weld County Expansion Project and San Luis Valley Project, but ultimately

8 Proceeding No. 19R-0096E, Updated Joint Transmission Proposal and Joint Final Comments to
Decision No. C20-0661-I (filed Oct. 30, 2020), at 9-10.

° Proceeding No. 19R-0096E, Updated Joint Transmission Proposal and Joint Final Comments to
Decision No. C20-0661-I (filed Oct. 30, 2020), at 9-10.

10 As of the writing of this testimony, the Commission’s written Decision is pending.
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determined that these projects were not sufficiently developed to designate them as bid-
eligible at this time.

While the Pathway Project is not “designated” as a planned transmission project such
that it would go through the process contemplated under the Joint Transmission
Proposal, the Pathway Project has been studied by the Colorado Coordinated Planning
Group (*CCPG”) and has its roots in the Lamar-Front Range project that has been a
long considered transmission solution in Colorado. Accordingly, the Company views
the Pathway Project as being consistent with the spirit of the Joint Transmission
Proposal and goes towards the same ends—identifying strategic transmission
investment that can unlock cost-effective clean energy ahead of the Phase Il
competitive solicitation as opposed to waiting to see where the generation resources in
the final portfolio are located.

Other Transmission Facility Additions Pursuant to § 40-2-126, C.R.S. (2020 Rule
3627 Report)

The Company has plans for new transmission facilities and system upgrades as
outlined below.

Transmission Facilities/Upgrades completed in 2020 and scheduled for
completion in 2021:

1) Pawnee — Daniels Park 345 kV Line
2) Harvest Mile — Daniels Park 345 kV Line
3) Colorado Energy Plan Portfolio (CEPP) Interconnection Facilities
a. Shortgrass 345 kV Switching Station
b. Shortgrass — Cheyenne Ridge 345 kV Gen-Tie Line
4) Colorado Energy Plan Portfolio (CEPP) Voltage Control Facilities
a. Missile Site 345 kV, 3x120 Mvar Capacitor Banks
b. Harvest Mile 345 kV, 2x240 Mvar Capacitor Banks
c. Daniels Park 345 kV, 1x120 Mvar Capacitor Bank
d. Pronghorn 345 kV, +150 Mvar StatCom
e. Shortgrass 34 5kV, 2x30 Mvar Shunt Reactors
5) Sullivan 230 kV Reconfiguration for 230/13.8kV Distribution Transformer #3
6) Thornton 115 kV Distribution Substation
7) NREL 115 kV Station
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Transmission Facilities/Upgrades planned through 2030:11

1) Colorado Energy Plan Portfolio (CEPP) Interconnection Facilities
a. Mirasol 230 kV Switching Station
b. Tundra 345 kV Switching Station
c. Hartsel-Tarryall 230 kV Switching Station
2) Greenwood — Denver Terminal 230 kV Line
3) Flying Horse — Monument 115 kV Series Reactor (CSU Flow Mitigation)
4) Bluestone Valley 230 kV Substation
5) Avon — Gilman 115 kV Line
6) Climax — Robinson Rack — Gilman 115 kV Line
7) Ault — Husky 230 kV line
8) Husky — Graham Creek — Cloverly 115 kV line
9) Husky 230/115 kV Substation
10) Graham Creek 115 kV Station

Please see Proceeding No. 20M-0005E (2020 Rule 3206 Report) and Proceeding No.
20M-0008E (2020 Rule 3627 Report) for additional details.

Transmission Injection Capability

Injection'? capability at any system location is inherently a moving target that varies with
the prevailing system conditions characterized by system load level and economic
generation dispatch. This is primarily driven by: (1) the coincident!3 production of wind
and solar at system peak times, and (2) the hourly output capacity and interconnection
locations of each interconnected generation resource.

The injection capability determined for a given location in the transmission system is
highly dependent on the assumed generation and storage dispatch pattern. Therefore,
the maximum injection capability corresponds only to the most favorable system
condition expected to occur, which is not a valid metric for the actual injection capability,
as this rarely occurs. In the past, due to a very limited set of typical generation and
storage dispatch patterns associated with the economic dispatch of conventional
resources (e.g., coal, gas, and hydro) and use of storage resources such as Cabin
Creek, transmission injection capability would typically fall within a narrower range and
could be determined with a high level of certainty. However, with increasing levels of
variable resources integrated into the PSCo Balancing Authority Area (“BAA”), the

11 Excluding the Pathway Project.

12 The “injection” or output refers to the amount of electric energy produced by the generation facility and
injected into the grid.

13 The term “coincident” refers to the output levels produced at the same time by more than one generator
or more than one type of generators.
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resulting generation and storage dispatch patterns have become increasingly variable.
Assigning a single (standalone) injection capability to any location is unrepresentative of
the actual capability at that location given that the injection capability range has a wider
spread due to the highly variable dispatch patterns associated with wind and solar
resources. Determining a maximum injection capability is akin to marking one bookend
of the wide range of variable injection capability resulting from myriad combinations of
variable loads and variable generation and storage dispatch patterns. This is also the
reason it is not appropriate to simply add up standalone injection capabilities for
purposes of determining the simultaneous injection capability of the transmission
system.

The transmission system is interconnected as a network, and generation injection or
storage at one location on the system more often than not changes the injection
capability at other locations, e.g., generation injections at Pawnee could decrease the
generation injection level at Missile Site and vice versa. The generation injection
capability values can change when Public Service performs additional transmission
studies, whether for clustered Generator Interconnection Requests or for ERP portfolio
alternatives, or simply when the projected system conditions change.

Transmission Service Agreements

Public Service is party to a number of transmission service or “wheeling” agreements
that are not specifically tied to PPAs. For example, Public Service has a number of
retail and wholesale load centers residing within the PRPA, WAPA, and Tri-State
transmission systems, and acquires network integration transmission service from each
of these utilities pursuant to their open access transmission tariffs (“OATT").

The vast majority of Public Service’s owned and purchased resources are located within
the Public Service transmission system and have no specific wheeling agreement
associated with them. Rather, in accordance with the requirements of FERC, the
transmission function of Public Service maintains a list, posted on its OASIS website, of
designated network resources that are delivered to Public Service’s native load
customers. This list is updated when a new resource has completed the required
transmission study processes and is placed in service, and when a PPA terminates or a
generator is retired.

Public Service has a long-term firm point-to-point service agreement with the
transmission function of Public Service for the purchase of 188 MW of transmission
service from the San Juan/Four Corners/Shiprock region to the Craig switchyard. This
path is used to purchase capacity and energy at the Four Corners/San Juan
marketplace. It is also anticipated that this path will be used to import economic energy
from other Western Energy Imbalance Market partners when Public Service joins that
market in 2022. This contract terminates on January 31, 2025 and may be renewed in
accordance with the OATT.
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Public Service also maintains short-term firm and non-firm transmission service
agreements with over 30 transmission service providers, pursuant to the providers’
OATTs. These agreements are not transaction-specific and have no specified MW
guantity or term. Rather, these “umbrella” agreements allow (and are required in order
for) Public Service to request and purchase short-term transmission services via the
providers’ OASIS sites. Such purchased transmission services are used to transmit
short-term purchased resources to the Public Service system, or to facilitate off-system
sales.

Coordination Agreements

Public Service purchases short-term energy and capacity under two coordination
agreements: the Western Systems Power Pool (“WSPP”) Agreement and the Northwest
Power Pool (“NWPP”) Reserve Sharing Program Agreement. The WSPP Agreement
represents a marketing pool involving many supplier organizations throughout the
United States. Many of Public Service’s short-term firm and economy purchases are
made under, and pursuant to the terms of, the WSPP Agreement.

Along with participating in the WAPA Balancing Authority, Public Service entered the
NWPP Reserve Sharing Program in September 2019. The NWPP Reserve Sharing
Program Agreement provides for sharing of contingency operating reserves among
interconnected electric utilities operating in the Western Interconnection. There are
presently 22 participating Balancing Authorities in the NWPP Reserve Sharing Program.
By pooling their contingency reserves, these utilities are able to carry less contingency
reserve capacity than if they operated independently. Under the NWPP Reserve
Sharing Program Agreement, Public Service can call on and purchase contingency
reserves (spinning and non-spinning), and the energy associated with such reserves,
when they are activated in response to a sudden system disturbance. Public Service
can also purchase emergency assistance under the NWPP Reserve Sharing Program
Agreement.
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2.9 RELIABILITY PLANNING, RESERVE MARGINS AND CONTINGENCY PLANS
In this Section, the Company provides information regarding its planning reserve
margin, system reliability planning and assessment, and contingency plans as required
by Rule 3609(a)-(c).

Reliability Planning at Public Service

Public Service strives to provide electric service at all times to our firm load customers.
To accomplish this, the Company works to maintain an adequate supply of electric
generation to meet the expected maximum demand of our customers (i.e., the “peak”
demand or load) for a reasonable set of unforeseen events (power plant outages, higher
than expected load etc.) To maintain service to firm load customers, Public Service
utilizes a combination of measures and practices, each focusing on different time
horizons — real-time, mid-term, and long-term.

Real-time

Ultimately it is the real-time status of the system that determines whether generation
supply is sufficient to maintain service to firm load customers. Real-time in this context
refers to the measures and practices the Company employs each day in operating the
electric system, including carrying sufficient operating reserves to ensure that ample
resources are available to serve load. Operating reserves are generation capacity that
is either on-line and unloaded, i.e., spinning, or that can be brought on-line and
synchronized to the grid in short order.

As a member of the NWPP Reserve Sharing Group, Public Service carries operating
reserves in accordance with the NWPP established methodology. Public Service’s
contingency reserve obligation in the NWPP is dynamic based on several factors,
including the size of the largest contingency in the PSCo BAA, and real time
transmission available to deliver reserves from other NWPP members.

As a part of managing the real-time balance between load and generation on the
system, the Company continuously monitors the current level of wind generation and
ensures that a sufficient level of flexible resources is available to maintain system
reliability in the case of a large wind ramping event. The level of flexible resources
required for this purpose is a function of the amount of wind generation.

Operating Reserve is a general term used to define the combination of various reserves
that are needed to perform in the duty of balancing generation and load. Operating
Reserve for Public Service is made up of Contingency Reserve, Regulating Reserve,
and Flex Reserve. Contingency Reserve is the reserve maintained to respond to the
unplanned trip of generators. Contingency reserve is provided by resources that can
respond very quickly to an event, within 10 minutes. Contingency reserves are split
between spinning (i.e., connected to the grid) and non-spinning resources. The amount
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of contingency reserve that is to be carried by the Company is determined by the
NWPP.

Regulating Reserve is the reserve maintained to respond to intra-hour changes in load
and non-Variable Energy Resource (“non-VER”) and Variable Energy Resource (“VER”)
generation output, and it is also comprised of various types of service. The two types of
regulating reserve are “fast moving reserve” and “load following reserve.” To manage
minute-to-minute changes in load and non-VER and VER generation on the system,
Public Service carries fast-moving regulation reserve. To manage changes over a 10-
minute period, the Company carries load following regulation reserve. The Company
recently studied the amount of fast moving and load following regulating reserve
required to reliably manage its system and has updated its Open Access Transmission
Tariff accordingly.

The last type of Operating Reserve that Public Service carries on its system to maintain
reliable service to customers is Flex Reserve. Flex Reserve is held on Public Service
generating units to address the impacts of large downward ramping events caused by
reductions in wind speed within the PSCo BAA. The Company determines the amount
of Flex Reserve required to operate reliably with the wind it has, or will have, on its
system. The calculation has evolved over time due to the increasing size of the wind
generation on the system and our experience of performing efficient, reliable system
dispatch with increasing levels of installed wind generation.

Mid-term

To better ensure sufficient resources are available to meet the real-time needs of the
system, Public Service evaluates the need for short-term capacity and energy several
months in advance of each summer and winter peak season. In the event that this mid-
term supply adequacy evaluation determines that the installed or purchased generation
for the upcoming summer or winter peak periods are likely insufficient to achieve a
desired reserve margin, the Company will pursue purchasing short-term capacity.

Long-term

Long-term activities involve the acquisition of additional generation resources or
demand reduction to meet the long-term electric demand projections. The amount of
installed generation capacity in excess of the annual system peak demand is commonly
referred to as “planning reserve margin” or “planning reserves.” Long-term in this
context refers to a future period of up to 10 years (or longer), over which the Company
acquires additional generation supply resources through the Commission’s ERP
process. The reserve margin target used in the long-term planning of the system
influences the Company’s ability to meet the future mid-term and, ultimately, the real-
time capacity needs of the system. The remaining discussion will focus on the
“planning reserve margin” Public Service proposes to employ in the acquisition of future
resources in the 2021 ERP.
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Planning Reserve Background

The reliability and security of the bulk power system is guided and coordinated by
NERC. NERC is the Electric Reliability Organization for North America and is subject to
oversight by the Federal Energy Regulatory Commission. NERC has many
responsibilities including publishing and enforcing Reliability Standards and annually
assessing the resource adequacy and operating reliability of the bulk power system.
NERC is comprised of six separate Regional Entities. WECC is the Regional Entity
responsible for ensuring that Public Service follows NERC Reliability Standards. The
various NERC regional entities, including WECC, are shown in Figure 2.9-1.

Figure 2.9-1 Regional Entities of NERC
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Both NERC and WECC publish annual reports containing planning reserve margins for
subregions covering Public Service’s system. A planning reserve margin is the amount
of capacity greater than the expected firm demand needed to maintain resource
adequacy. NERC's annual resource adequacy and operating reliability assessment is
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called the Long-Term Reliability Assessment (“LTRA”) with the latest report published in
December 2020.14 Public Service is within the WECC NWPP-US & RMRG subregion of
the NERC LTRA, as shown in Figure 2.9-2 below. The LTRA for this subregion found
that anticipated reserve margins of 38% to 42% for the peak demand hour were
insufficient to maintain resource adequacy for all hours of the year. This is because
planning reserve margins based on the peak demand hour and expected values of
demand and generation do not capture the loss of load risk outside of the peak demand
hour for systems with high penetrations of renewable generation and storage. There
were simulated loss of load hours in July through September one to three hours after
the peak demand hour when solar generation had diminished. Specific risks to
resource adequacy identified for the Western Interconnection were a reliance on power
transfers from neighboring systems during wide-area weather events such as occurred
in August 2020. Risks identified but not limited to the Western Interconnection included
the need for sufficient flexible generation to integrate the variability and uncertainty of
renewable generation and the potential for natural gas delivery disruptions for systems
increasingly dependent on natural gas.

14 Report Available at:
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_LTRA_ 2020.pdf.
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Figure 2.9-2 Subregions of Long-Term Reliability Assessment
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WECC does not publish recommended or required planning reserve criteria for its
member systems, but rather allows individual member systems (including regulatory
commissions) to adopt their own planning reserve criteria. WECC does, however,
perform an annual Western Assessment of Resource Adequacy (“Western
Assessment”) of its member systems. The most recent Western Assessment was
published in December 2020.*°> The purpose of the Western Assessment is to provide
an independent and interconnection-wide analysis of resource adequacy. The Western
Assessment identifies the potential for electricity supply shortages using probabilistic
analysis at the hourly level, and reports its findings for the following 4-year period.
During these annual assessments Public Service provides WECC with detailed
information regarding the Company’s electric supply system including:

Forecasts of demand

Existing, Retiring, and Expected Resources and associated ratings
Historical hourly renewable generation and demand data
Transmission information

15 Report available at:
https://www.wecc.org/ResourceAdequacy/Pages/default.aspx
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WECC combines this data with that of other member systems to model at the
interconnection-wide level and within five subregions of the interconnection. Public
Service is within the NWPP Central (“NWPP-C”) subregion. The NWPP-C subregion
includes Colorado, Utah, Nevada, and portions of Idaho, Wyoming, and California.

Figure 2.9-3 Subregions of the Western Assessment of Resource Adequacy
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The Western Assessment uses probabilistic analysis across a range of assumptions of
resource availability and demand to determine required planning reserve margins for
every hour of the study to maintain resource adequacy. Maintaining resource adequacy
is defined as having sufficient resources to expect a loss of load event no more than
once every 10 years. For the NWPP-C subregion in 2021, the Western Assessment
found that a planning reserve margin of 21% maintained resource adequacy for half of
all hours and a planning reserve margin of 32% maintained resource adequacy for all
hours. The NWPP-C subregion does not have enough resources to maintain resource
adequacy for all hours and requires imports from other subregions. The Western
Assessment results do not reflect the planning reserve margins approved for use by
individual utilities (including Public Service) and are not intended to supplant these
approved utility-specific planning reserve margins; however, they do provide a useful
cross-check for comparison.
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Reliability Assessment of Clean Energy Plan Portfolios in Phase |

As shown in Figure 2.9-4, system reliability was factored into the development of the
Phase | portfolios in an iterative process that involved inputting various reliability
requirements upfront into the EnCompass modeling process, post-modeling reliability
review of model output/results, and then adjusting model inputs if needed and then
rerunning the adjusted model. Reliability requirements from applicable technical
studies, including planning reserve requirements, flex reserve requirements, and ELCC
capacity credit, and as discussed in more detail below, were applied within the
EnCompass modeling of all portfolios.'® In addition to the results of these technical
studies, the operating requirements established by the NWPP Reserve Sharing Group
were reflected as inputs into the modeling process.

The post-modeling reliability review process involved reviewing hourly model output for
2030. A team of Company subject matter experts reviewed the overall generation
composition of portfolios from both a generation reliability perspective and a
transmission reliability perspective. For the generation reliability review process, the
hourly data review process for generation reliability involved an assessment of 8760
(i.e., the number of hours in a year) hourly model output to determine if the model was
properly enforcing planning reserve, flex reserve, and NWPP operating reserve
requirements. The review also analyzed whether the current gas supply system would
be sufficient to reliably supply the hourly volumes and fluctuations in gas burns that the
modeling predicted.

The hourly data review process for real-time transmission reliability also involved an
assessment of 8760 hourly model output. The purpose of the review was to determine
if the current and planned transmission system could reliably deliver, in real-time, the
output of the generation resources in each portfolio to customer load. In addition to this
real-time assessment of hourly data, the Company’s transmission reliability review and
planning process to support this 2021 ERP & CEP filing involved an assessment of the
Company’s resource planning projections to determine if the planned transmission
system expansion could reliably deliver the Company’s resource acquisition target to
meet the 2030 emission reduction goals.'” If these reliability reviews identified that a
particular reliability input requirement needed adjusting, then the adjustments would be
made, the model would be rerun, and the output would be reviewed to see if the
adjustment worked as intended. For example, if certain generating units were viewed
as contributing more spinning reserves than they should or could, the modeling inputs
that define a generating unit’s contribution to spin would be adjusted and the model

16 See Section 2.18 for these studies.

17 This planned transmission eventually became the Colorado’s Power Pathway project that the Company
filed a CPCN for on March 2, 2021.
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would be rerun. In addition, there are certain aspects of this type of modeling that are a
function of the model output and therefore cannot be fully captured through the various
upfront inputs into the model. For example, the required transmission upgrades that
might be needed to reliably deliver the new generation resources that were added to the
system as a result of the optimization cannot be known until after the model is run. In
this instance, the cost for any additional transmission requirements would be a post-
modeling addition to the cost of the portfolio.

Figure 2.9-4 Overview of Reliability Assessment Framework

Standalone Reliability Studi Requil t . P .
andaione Relant fty uaies or Ef]wremen ® Modeling Backend Reliability A t of Modeling Restults
as upfront inputs to modeling
|Planning Reserve Margin Study requirements | <:| Feedback <:I Generation Reliability Assessment:
Commercial Operations assessment that model is enforcing
— 2030 ‘ reliability requirements and is dispatching system resonably
|ELCC Study | hourl =>reliability requirements being enforced
[ ﬂ .oury =>dispatch looks reasonable
o dispatch == is existin ici
= g gas storage sufficient
W w data for
|Flex Reserve Study reguirements | _ Cc C each CEP
= @ ‘
—) % o Transmission Real Time Reliability assessment
=
|NWPP Operating reserve requirment | EO EU
" g <:I Feedback <:I Transmission Planning Reliability assessment:
g e == N-1 power flow studies
o C ==transient stability studies
E D e - => result is 345 kv CPCN plan
0o — ﬂ
g o Portfolios
S -
Transmission Real Time Reliability assessment
{1 Feedback {1

Modeling Implementation and Reliability Inputs

Planning Reserve Margin

For purposes of developing the 2021 ERP & CEP, the Planning Reserve Margin within
the EnCompass model was set to 18% for the peak demand month of the year (July) on
a long-term basis. The model then developed expansion plans to meet this reserve
margin as a minimum threshold requirement. For the years prior to 2025 where the
Planning Reserve Margin Study indicated higher levels of reserve margin are required,
a “generic short-term seasonal purchase” was included to cover any MW required in
excess of 18%, so that the model would only add generic resources on a long-term
basis to meet 18%.
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Effective Load Carrying Capability

For resource planning purposes, different generation technologies provide different
levels of their nameplate generation capacity rating toward reliably serving customer
load. Effective Load Carrying Capability (‘ELCC”) is a measure of how much of a
resource’s nameplate capacity should be included on the Company’s load and
resources table. ELCCs for non-dispatchable, intermittent generation technologies
(such as wind and solar) and for energy-limited resources (such as storage) can be
significantly less than 100%.

Flex Reserve

Flex Reserve (wind driven) and Regulation (wind and solar driven) ancillary service
requirements are directly related to the amount of new wind and solar added in the
expansion plan. However, the ancillary service requirements are pre-run inputs into the
model and are not able to be dynamically resized within the model as the expansion
plan is being developed. Thus, to fully represent each specific plan, an iterative
approach to sequentially develop a plan, resize the Flex and Regulation, and repeat
until they match/converge was required.

Given the generic nature of the Phase | plans, as well as the time constraints required
to do iterations with the large number of Phase | scenarios and sensitivities, this
process was not fully executed for Phase |. During the preliminary runs completed by
the Company leading up to the final modeling, a relatively consistent and clear pattern
of generic additions emerged. The company developed 4 different “requirements”
shapes through 2050 based on these expansion plan results and applied them to the
appropriate scenarios for Phase I. Upon inspection of the final plans, these proved to
be reasonably consistent and valid for the final modeling results. The four versions of
the requirements were:

$0/ton CO2 ERP Portfolios

$0/ton CO2 CEP Portfolios

SCC CO:2 ERP Portfolios

SCC CO:2 CEP Portfolios

NWPP Operating Reserves

The NWPP Operating Reserves requirement is an hourly value that is determined by a
complex formula including Public Service hourly load and generation, the remainder of
the balancing authority’'s hourly load and generation, hourly real-time available
transmission support via the TOT tie lines, and the most severe single contingency
(“MSSC”) on the system, which is typically either Comanche 3 or the flow on the Rush
Creek gen-tie line. To develop a reasonable proxy of this requirement, static hourly
curves were developed for each of these variables from the associated model input data
and were used to develop an hourly proxy shape for total operating reserve
requirements using the actual NWPP formula. Within the model, one half (50%) of the
operating reserves were required to be carried by spinning reserves that could be
carried by online resources or 10-minute responsive quick-start units.
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Planning Reserve Study for the 2021 ERP

For the 2021 ERP, Public Service will utilize a planning reserve margin target of 18% in
assessing the need for additional power supply resources. This 18% value will be
applied to the Company’s projection of annual firm peak demand!® over the RAP to
determine the amount of additional power supply the Company should acquire on a
long-term basis in this ERP in order to maintain acceptable long-term resource
adequacy.

The 18% planning reserve margin target for the Public Service system is the result of an
updated Planning Reserve Margin Study which can be found in Appendix A. This study
was completed by Astrapé Consulting on behalf of Public Service. The probabilistic
study evaluated every hour of future study years 2021, 2023, 2026, and 2030 for the
capacity required to expect no more than 1 loss of load event in 10 years. The inputs to
the study included 39 historical years of weather-correlated demand, wind, and solar
hourly profiles and 10 years of generator outage hourly profiles to capture the variability
in resource availability and demand. The planning reserve margins calculated for the
study years varied from 17.4% to 19.3% depending on the levels of dispatchable,
renewable, storage, and demand response resources within the study year.

Public Service will implement the results of the Planning Reserve Margin Study in this
2021 ERP by acquiring, through the Phase Il process, generation resources as
necessary to achieve, at a minimum, 18% reserve margin plus an additional planning
reserve in accordance with the Company’s wholesale contract with IREA and Holy
Cross Energy (estimated to be up to 48 MW). In addition to the resources acquired
through the Phase Il process, the Company will acquire additional resources through
short-term market purchase as needed to achieve up to a 19.3% planning reserve level
for certain years of the RAP as reflected in Table ES1 of Appendix A.

Effective Load Carrying Capability (ELCC) Study for the 2021 ERP

Appendix E is an updated ELCC study report. The updated study determined ELCC
values for:
e Solar, wind, hydro, and storage resources expected to be operational by 2023
including existing resources and those resources acquired from the 2016
ERP;
e Incremental additions of solar and wind resources across broad geographic
regions and for incremental additions of geographically diverse portfolios of
solar and wind; and

18 Annual firm peak demand to which the 18% reserve margin target will be applied is represented by
taking the 50 percentile forecast of native peak demand and subtracting the effects of the
Company’s interruptible load programs. The 18% planning reserve margin continues past the RAP
through the entire Planning Period.
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e Incremental additions of storage on a standalone basis and with incremental
additions of solar and wind.

For Phase | modeling, the EnCompass model was populated with updated ELCC values
for the Company’s existing solar, wind, hydro, and storage resources. For portfolio
creation, incremental ELCC values from the study for the generic solar, wind, and 4-
hour storage resources were used. For the solar and wind generics, the geographically
diverse ELCC study results were used. In order to capture the impacts of declining
ELCC values with incremental resource additions, two tranches of solar ELCC, wind
ELCC, and storage ELCC were employed; higher ELCC values were assigned to the
first tranches of solar, wind, or storage selected by the model and then lower ELCC
values were assigned to all other incremental resources. However, for the “No New
Gas” sensitivity, a third tier for solar, wind, and storage was added to better represent
the impact of declining ELCC on resource mix for this sensitivity.

Operating Reserves for the 2021 ERP

The real-time status of the Company’s electric system determines whether supply is
sufficient to maintain electric service to firm load customers. Real-time in this context
refers to the measures and practices the Company employs each day in operating the
electric system which entails carrying sufficient Operating Reserve to ensure that ample
generating resources are available to accommodate total firm load, higher than
expected firm load, changes in firm load (minute to minute and hour to hour),
unexpected outages of generating units (forced outages), and variability in the output of
renewable resources. These real-time measures and practices focus on maintaining
sufficient levels of Operating Reserve.

Operating Reserve is a term used to define the combination of various reserves that are
needed to perform the duty of continuously balancing generation and load throughout
the day. Operating Reserve for Public Service is made up of Contingency Reserve,
Regulating Reserve, and Flex Reserve.

Contingency Reserve is the reserve maintained to respond to the unplanned trip of
generators or transmission elements and is provided by resources that can respond
very quickly to an event, within 10 minutes. Contingency Reserve is split between
spinning (i.e., connected to the grid) and non-spinning resources. The amount of
Contingency Reserve that is required to be carried by the Company is determined by
NWPP. In general, NWPP requires members to maintain Contingency Reserve equal
to the greater of 3% of the balancing area load plus 3% of the balancing area
generation or the most severe single contingency (“MSSC”) with the additional
requirement that at least half of the requirement be provided by spinning reserves. The
remainder of the Contingency Reserve requirement not provided by spinning reserves
may be provided by non-synchronized resources available within 10-minutes. The
MSSC for Public Service will typically be either the Rush Creek Gen-Tie or the 750 MW
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Comanche 3 unit. The portion of any resource used to meet Contingency Reserve
cannot be used to meet Regulating Reserve or Flex Reserve.

Regulating Reserve is the reserve maintained to manage short-term uncertainty and
variability in load and solar generation output. The two types of Regulating Reserve are
“fast moving reserve” and “load following reserve.” Public Service carries fast-moving
regulation reserve to manage minute-to-minute changes in load and solar generation
output on the system. To manage changes over a 10-minute period, the Company
carries load following regulation reserve. Regulating Reserve can be provided by the
unloaded portion of dispatchable generation that is synchronized to the grid and is not
being used to provide Contingency Reserve or Flex Reserve. Regulating Reserve is
constantly cycling back and forth between a reserve state and deployment as energy.
For this reason, energy limited resources such as battery energy storage and demand
response programs are not used for Regulating Reserve.

Flex Reserve Study for the 2021 ERP

The Company performed an updated Flex Reserve study for this 2021 ERP, which is
provided as Appendix B and a Supplemental Flex Reserve study provided as Appendix
C. Flex Reserve is held on the Public Service system to address short-term variability
and uncertainty in wind generation as well as the impacts of large downward ramping
events caused by reductions in wind speed within the PSCo BAA. The Flex Reserve
requirement is comprised of three components: (1) a Reg-Up component; (2) a 10-
minute component; and (3) a 30-minute component. The amount of wind generation
operating in the BAA determines the total amount of Flex Reserve that is required each
hour of a day. The Reg-Up component is 15% of the total Flex Reserve requirement
and must be provided by the unloaded portion of dispatchable generation that is
synchronized to the grid and is not an energy-limited resource. The 10-minute
component is 45% of the total Flex Reserve requirement and can be provided by the
portion of any on-line or off-line resource which can respond within 10 minutes. The 30-
minute component is 40% of the total Flex Reserve requirement and can be provided by
the portion of any on-line or off-line resource which can respond within 30 minutes. The
portion of any resource that is providing Flex Reserve is not allowed to also provide
either Regulating Reserve or Contingency Reserve.

Contingency Plan

Rule 3609(c) requires the Company to develop contingency plans for the RAP given
actual circumstances may differ from the most likely estimate of future resource needs.
Rule 3609(c) requires the Company to provide, under seal, a description of its proposed
contingency plans for the acquisition of additional resources if actual circumstances
deviate from the most likely estimate of future resource needs developed pursuant to
Rule 3610; or, replacement resources in the event that resources are not developed in
accordance with a Commission-approved plan under Rule 3617.
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Public Service recognizes that matching electric power supply with customer demand
will not always proceed according to plan. Problems can arise as a result of delays in
the in-service dates of new generation facilities, contract negotiations with power
suppliers can breakdown, and unanticipated increases in customer demand can arise
that Public Service is obligated to serve. While it is impossible to anticipate everything
that can occur in the resource acquisition process, we can anticipate the more common
situations and develop plans to address them.

In the discussion below, the Company describes what it believes to be the most likely
situations the Company might face in the resource acquisition process and identifies
contingency alternatives available to address them. The discussion focuses on events
or situations that create the potential for a capacity shortfall if corrective action is not
taken.

Contingency Events

Public Service anticipates that the more relevant and probable contingency events will
include, but are not limited to:
1. Failed contract negotiations with winning bidders
a. Bidders withdrawing proposal
b. Bidders seeking revised terms and/or prices from those in their bid
2. Project development delays or cancellation
3. Transmission development delays
4. Higher than anticipated customer demand

Contingency Plan Options

The following is a list of options available to Public Service to remedy any unanticipated
resource shortfall:

=

Initiate negotiations with other / replacement bidder(s)

Issue a targeted RFP to replace a selected project that has failed
Accelerate the in-service date of other selected projects

Purchase short-term capacity from off-system, existing generation
Issue additional non-targeted RFP(s) to satisfy anticipated shortfalls
Construct and own additional new generation facilities

Arrange temporary generation

Implement interim Load Management / Customer generation plans
Modify contracts with existing power suppliers

10 Sole source with an IPP to construct additional generation

11.Acquire incremental Distributed Energy Resources (including demand-side
management resources)

12.Some combination of (1) through (11)

©oNORWDN
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Critical Factors

Two critical factors dictate whether a corrective action provides a viable solution for a
particular contingency event. These factors are:

1. The magnitude of the potential resource shortfall; and

2. The timing associated with the potential capacity shortfall — both the lead-time
to the contingency and the duration of the event.

The magnitude of an anticipated capacity shortfall dictates the available options Public
Service can pursue. For example, a capacity shortfall of 50-100 MW might be
addressed through contracting short-term purchases from off-system existing
generation. Short-term capacity purchases would likely be ineffective in addressing a
larger shortfall, such as 500 MW for example.

Similarly, the timing of an anticipated capacity shortfall dictates the number of available
options Public Service can pursue. Timing in this case includes both the duration of the
shortfall and when it is expected to occur. Capacity shortfalls projected to occur within a
year for example would likely exclude the option of constructing new generation and
transmission facilities. By contrast, a capacity shortfall projected to occur several years
in the future could be addressed through a variety of actions including new construction,
initiating negotiations with other bidders, or issuing a targeted RFP.

Likewise, a delay of a new generation resource or of the transmission needed for a new
resource might best be addressed by a temporary or interim solution, like temporary
generation facilities, short-term purchases, or interim load management, as opposed to
the permanent addition of another new generation project or new Company-constructed
and owned generation facilities — unless there were a long-term need for additional
resources.

Corrective Actions

In the event Public Service faces a capacity shortfall situation, the appropriate course of
action will depend largely on the specifics of the shortfall itself (i.e., magnitude and
timing), as well as a variety of other factors (e.g., market conditions and other
acquisition activities underway). As such, Public Service will always need to exercise
judgment as to how to proceed when deciding what corrective action to pursue. For this
reason, the Public Service contingency plan reflects a large degree of flexibility in how
the Company plans to address various contingencies. Table 2.9-1 lists several possible
approaches for addressing contingencies that might require corrective action over the
RAP. This hierarchy depends on how long before the event Public Service becomes
aware of the contingency, the expected duration of the contingency (e.g., a delay versus
the permanent loss of a planned resource), and the magnitude of the contingency.
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Table 2.9-1 Hierarchy of Contingency Plan Alternatives

Short-term capacity
purchases

Save for “late breaking” contingencies for which there might
not be time to use one of the following corrective actions.

Use alternative bids

If the contingency becomes known before Public Service
has released bidders from their obligation, Public Service
would use this corrective action. This corrective action is
most appropriate for replacing 1st winning bids that drop
out soon after selection or do not reach successful contract
completion.

Accelerate in service date of
resources for which contracts
have been executed or for
self-build

projects already been
approved

If the contingency becomes known sufficiently ahead of
time, negotiate an earlier in-service date for a resource
planned for later in the acquisition period. This corrective
action is most appropriate for a one to two-year delay in
another resource.

Public Service builds back-up
bids

If the contingency becomes known in time for Public
Service to build its own facility, Public Service will self-build
a facility to cover the contingency through the use of the
back-up bid that will be filed with the Commission at the
time the bids for the RFP are due to be submitted to the
Company.

Issue RFP

An RFP, either targeted for a particular technology similar
to the failed bid(s) or a non-targeted RFP open to various
technology types, could be issued for expected shortfalls.

Sole source with reliable
supplier

This option could substitute for Public Service building its
back-up bid if time does not permit the Company to
complete the necessary construction in a timely manner.
Effectively, Public Service would approach an IPP with
whom it has had a good working relationship and sole
source a new supply either from an existing facility or
possibly an expansion of an existing facility.

Install Temporary Generation

The Company or an IPP can implement this measure with
somewhat less lead-time than the installation of new
permanent generation and it is well suited to cover a
generation project or transmission delay that may last a
year or possibly two.

Implement interim Load
Management or Customer
Generation Programs

Similar to the installation of temporary generation, this
measure can be implemented in a relatively short lead-time,
e.g. within 6 months, and is well suited to address resource
delays.

Reduced reserve margin

If the contingency became known too late to add new
resources in time and insufficient short-term purchases
were available to cover the contingency, Public Service
could operate with a reduced planning reserve margin but
with the required operating reserve margin for a summer
season until one or a combination of the other corrective
actions could be put into place.
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Public Service and other Xcel Energy Inc. electric utility operating companies have
successfully applied many of these contingency actions in the past. Xcel Energy Inc.’s
other utility operating companies also have experience with many of these measures
and Public Service can draw upon a wide range of resources, experience, and
capabilities in order to respond in the most appropriate way to contingencies that might
develop during the RAP for the 2021 ERP & CEP.
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2.10 ENERGY STORAGE BENEFITS, OPERATIONS, AND MODELING

In this Section, the Company discusses energy storage benefits, operations, and
modeling and provides information required by Rule 3604(m) and Rule 3610(b)(ll).
This Section also provides updated information regarding storage credits and operation
as directed by the Commission in Decision No. C18-0761 in Proceeding No. 16A-0396E
(the Company’s 2016 ERP). These particular requirements are described below.

Rule 3604(m) requires the Company’s ERP to include:

Modeling assumptions and analytical methodology proposed to assess the
costs and benefits of energy storage systems including, but not limited to:
integration of intermittent resources; improvement of reliability; reduction
in the need for increased generation facilities to meet periods of peak
demand; and avoidance, reduction, or deferral of investments.

In assessing its need to acquire additional resources, Rule 3610(b)(lll) requires the
Company to:

Consider the benefits energy storage systems may provide to increase
integration of intermittent resources, improve reliability; reduce the need
for increased generation facilities to meet periods of peak demand; and
avoid, reduce, or defer investments.

Additionally, in Decision No. C18-0761 (the 2016 ERP Phase Il Decision) based on Trial
Staff's suggestions, the Commission directed the Company to provide:

An updated study of storage credits and operation. The study should
identify: the preferred storage type(s), expected system benefits
(transmission and distribution levels), and the storage value stack.®

The discussion below describes:

e The “storage value stack”;

e Principal design differences between energy and power storage resources and
the design impact on the value stack;

e Quantification of specific value stack values through study reports or EnCompass
modeling procedures;

e Existing and planned storage resources in the Company’s portfolio;

e The Company'’s preferred storage types; and

e How storage resources will be evaluated in the Phase Il competitive acquisition.

19 See Decision No. C18-0761 in Proceeding No. 16A-0396E, at § 139-140.
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Energy Storage Devices

At a most basic level, energy storage devices are useful for moving energy from one
time period to another. However, as this movement of energy across time comes with
efficiency losses, the addition of energy storage to a system is net energy load added to
the system. Cost-effective implementations of energy storage require putting the right
type of device, with the right mix of power and energy and the right performance
characteristics, in the correct location.

For purposes of the Company’s ERP filing and ultimate resource acquisition, storage
systems are restricted to those that can serve as a generation/supply-side resource. A
useful way to categorize the different types of storage devices as generation resources
is through an examination of whether they are designed for power (large MW, but small
MWh) or energy (large MW, large MWh) applications.?® Thus, a storage device's
energy to power ratio (which equals its duration) is a useful way to categorize storage
devices and track their potential ability to serve the “storage value stack” as described
below. In addition, for chemical storage devices (e.g., batteries and reversible fuel
cells), the specific cell chemistry has a large impact on the device’'s performance
characteristics.

Storage Value Stack

As indicated above, storage systems for this ERP are restricted to those that can serve
as a generation/supply-side resource. Thus, the following are not evaluated: (1) thermal
storage resources that might convert electrical energy into thermal energy for sensible
heating or cooling purposes, and (2) seasonal fuel storage, such as the storage of
natural gas during non-winter months for winter heating usage. Generally, the type of
storage contemplated converts electrical energy to some other form (e.g., thermal,
mechanical, chemical) and then eventually converts it back into electrical energy to
serve electrical system requirements. However, other storage mechanisms can store
primary energy in some form other than electricity and then ultimately convert it into
electrical energy (e.g., solar thermal power plants with embedded thermal storage).
Such resources will be evaluated for acquisition.

System beneficial uses of energy storage devices (i.e., uses that make up a potential
storage value stack) can be categorized into four broad categories:?!

20 Power is the rate at which energy can be delivered; typically measured in MW. Energy, for a storage
device, is the product of the device’s power rating (MW) times the device’s duration (hrs); measured in
MWh.

21 The categorization and description of the beneficial uses of energy storage devices generally follows
that from Sandia Report SAND2015-1002, “DOE/EPRI Electricity Storage Handbook in Collaboration with
NRECA”, 2015. Available at: https://www.sandia.gov/ess-ssl/publications/SAND2015-1002.pdf.
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1. Bulk Energy Services
a. Energy Arbitrage
i. Intermittent Generation Curtailment Reduction
b. Generation Capacity Credit
c. Dispatchability
d. Intermittent Generation Integration Credit
2. Ancillary Services
a. Operating Reserves
i. Regulating
1. Fast-moving
2. Following
ii. Contingency
1. Spinning
2. Supplemental (Non-spinning)
iii. Flex
b. Voltage Support
c. Black Start
3. Transmission Infrastructure Services
a. Upgrade Deferral
b. Congestion Relief
4. Distribution Infrastructure Services
a. Upgrade Deferral
b. Voltage Support

Below, the Company describes each of these services and indicates whether a Power
Device (short duration) or Energy Device (longer duration) is most suitable to provide
the service. Typically, Power Devices have on the order of 60 minutes of duration or
less; useful Energy Devices typically require 4 hours of duration or longer.

1.a. — Energy Arbitrage (Energy Device)

Storage devices can be used to store electricity (“charging”) when costs are low and
then deliver that energy back to the electric grid (“discharging”) when costs and/or
needs for electricity are high. Storage devices with high round-trip efficiency and low
variable O&M costs provide the highest potential energy arbitrage benefits.

1.a.i. - Intermittent Generation Curtailment Reduction (Energy Device)

A subset of Energy Arbitrage occurs when “excess” intermittent generation is available
relative to load; normally such “excess” intermittent generation is curtailed. Using a
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storage device in such situations allows a portion of the renewable generation that
would otherwise be curtailed to be delivered to load at a later time.?22

1.b. — Generation Capacity Credit (Energy Device)

For long-term resource planning purposes, energy-limited resources like storage
receive less than their nameplate discharge capacity on a loads and resources table;
the ability of a storage device to reliably serve long-term forecasted loads can be
measured through an effective load carrying capability (“ELCC”) methodology. In
general, the storage device’s duration (calculated as maximum MWh discharge energy
divided by maximum MW discharge rate) and inclusion of intermittent generation and
other energy-limited resources in the resource portfolio are the primary determinates of
ELCC.%

For daily operations, the generation capacity credit afforded a storage device is
determined through the unit-commit and dispatch process and is more closely related to
the shape of the forecasted daily load peak and the forecasted state of charge of the
storage device prior to the forecasted peak.

1.c. — Intermittent Generation Integration Credit

Including incremental energy storage to a portfolio that includes intermittent generation
will reduce some of the costs imposed on that portfolio by the intermittent generation
resources. Appendix D of Volume 2 documents the Company’s updated Solar and
Wind Integration Cost Study. Incremental storage resources modeled in EnCompass
will receive a combined wind and solar integration cost credit (adjusted for natural gas
prices as described in Appendix D) applied to the storage resource’s discharge MWh as
an integration cost credit. See Section 2.14, Modeling Assumptions, for further
information regarding the calculation of the solar and wind integration cost for Phase Il
modeling.

1.d. — Dispatchability (Energy and Power Device)

Inherent to the concept of Bulk Energy Services is the ability for a utility to control the
charging/discharging capabilities of the storage device, that is, to be able to dispatch the
device in response to changes in net load.

22 Only a portion of the otherwise curtailed intermittent generation can be delivered to load due to
inefficiencies in charging, storing, and discharging storage devices.

23 See Appendix E of Volume 2 for the Company’s most recent ELCC study report that documents the
value to be assigned to storage devices during EnCompass modeling.
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2.a.l. — Requlating Reserves (Energy and Power Device)

Regulation service is associated with managing the flows of energy between control
areas and addressing short-term fluctuations in demand within a control area. Its goals
are to maintain grid frequency and meet NERC reliability standards. Regulation service
is typically provided through regulating reserves. Regulating reserves have two
separate components: (1) a fast-moving component that addresses minute-to-minute
uncertainty in net load, and (2) a following component that addresses uncertainty at the
10-minute level (i.e., load following).

2.a.ii. — Contingency Reserves (Energy Device)

Contingency reserves are generally intended to compensate for generation or
transmission outages. Spinning reserves must be online (i.e. synchronized to grid
frequency) but unloaded and able to respond within 10 minutes. Supplemental reserves
may be offline but must be able to respond within 10 minutes; interruptible loads can also
be used for supplemental reserve purposes if they can respond within 10 minutes.

2.a.iii. — Flex Reserves (Energy Device)

Flex reserves are an additional operating reserve the Company developed to ensure its
compliance with NERC reliability standards given the levels of wind generation in its
portfolio. Flex reserves have three components which include: (1) additional regulating
reserves from non-energy-limited resources, (2) any 10-minute responsive resources,
and (3) any 30-minute responsive resources.

2.b. — Voltage Support (Energy Device)

To manage reactance at the transmission grid level, system operators need voltage
support resources to offset reactive effects of grid elements so that the transmission
system can be operated in a stable manner. Cost-effective voltage support device
usage is site-specific.

2.c — Black Start (Energy Device)

In the event of a catastrophic failure of the grid, active reserves of power and energy
within the grid are needed to energize transmission lines and provide station power to
bring power plants back online. Black start devices are site-specific.

3.a — Transmission Upgrade Deferral (Energy Device)

Depending upon circumstances, a relatively small MW and MWh of storage could delay
the need for a specific transmission system capital investment. Cost-effective
transmission upgrade deferrals are site- and situation-specific.
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3.b. — Transmission Congestion Relief (Energy Device)

Depending upon circumstances, a sufficient MW and MWh of storage could be placed
on either side of a congested transmission element and allow otherwise-curtailed
economic generation to be delivered to load. Cost-effective transmission congestion
relief opportunities are site- and situation-specific.

4.a — Distribution Upgrade Deferral (Enerqgy Device)

Depending upon circumstances, a relatively small MW and MWh of storage could delay
the need for a specific distribution system capital investment. Cost-effective distribution
upgrade deferrals are site- and situation-specific.

4.b — Distribution Voltage Support (Energy Device)

Similar to transmission-sited voltage support, voltage support devices can be required
to offset reactive loads on the distribution system. Cost-effective voltage support device
usage is site-specific.

Caveats to the Storage Value Stack

In the development of cost-effective portfolios that reliably serve the Company’s
customers, it is important to acknowledge that any generation resources can be used
(and are currently used) to meet almost all of the above services. That is, the concept
of a “value stack” does not apply only to storage devices; it applies to all generation
resources. The one service listed above that can only be served by energy storage is
energy arbitrage.

No resource can provide all of the above values at the same time. However, over the
course of a year, prudent charge and discharge decisions should allow storage
resources to provide several of the services listed above at some point during the year,
including:

Energy Arbitrage;

Generation Capacity;

Intermittent Generation Integration; and
Reserves (under certain specific circumstances).

Some of the potential storage value services shown above are mutually exclusive. For
example, Black Start capability must be available with no advance notice in the event of
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a total grid failure. Thus, a storage device (or the portion of a storage device)?*
dedicated to Black Start service cannot be used for any other service at any time.
Similarly, a resource can only be used to provide a single Operating Reserve at a time.

Energy storage, when charged with carbon-free generation, can serve many of these
grid services without carbon emissions. However, the same can be true of any thermal
generation resource; if the fuel consumed by a thermal generation resource is carbon-
free or carbon neutral, those units can also serve these grid services without carbon
emissions. If energy storage devices are charged with carbon emitting generation, then
it is possible for the use of energy storage to result in a net increase in carbon
emissions.?®

It is also important to realize that the need for many of these services is limited. The
incremental energy service value applied to incremental resources experiences
diminishing returns; that is, the first tranches of incremental storage provide higher
value than later tranches. The Company will have approximately 575 MW of 4-5 hour
duration storage in its portfolio by the end of 2022, and the existence of these storage
resources reduces the incremental value provided by incremental storage resources.

Company Storage Preferences

Given the current and forecasted state of the Company’s electricity system, it sees
significantly more potential value in Energy Devices compared to Power Devices. The
Company is generally technology agnostic; rather, a device’'s cost, performance
characteristics, commercialization/development status, and any PPA-derived dispatch
limitations (if applicable) drive the Company’s preferences. Regarding a storage
device’s main performance characteristics, the Company’s preferences are:

Capacity — 50 MW and greater is preferred from a single source;
Duration — 4 hour minimum, preference for longer;

Annual Equivalent Cycles — 200 minimum, preference for more;
Annual State of Charge — preference for as high as possible;
Availability — preference for as high as possible;

Ramp Rates — faster rates are preferred;

Response Time — shorter times are preferred; and,

24 When the Company carries Black Start service on its Cabin Creek pumped hydro facility, it maintains a
dedicated volume of water in the upper reservoir. The balance of the water in the upper reservoir is
available for dispatch.

25 Whether or not the use of energy storage to meet a grid service results in a net increase in carbon
emissions is dependent upon the carbon intensity of the charging generation, the round trip efficiency of
the energy storage device, and the carbon intensity of the avoided generation resource that would
otherwise have been used to meet the need.
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e Co-location with Renewables — standalone devices are preferred if co-location
results in operating restrictions (such as dedicated charging requirements or
interconnection limitations).

Valuing the Value Stack

Quantification of Bulk Energy and Ancillary Services value for storage devices is
conducted within the EnCompass model of the Company’s electric system and the
balance of the resource portfolio. Several of the services are quantified completely
within the model (e.g., Energy Arbitrage and Operating Reserves) based on the impact
that the charging and discharging of storage devices during certain hours and the
assignment of reserves during other hours have on the dispatch of other dispatchable
generators in the portfolio. Quantification of other value streams, although occurring in
the EnCompass model, are impacted by calculations that have been conducted outside
of the model (e.g., Generation Capacity Credit and Intermittent Generation Integration
Costs). For example, values from the ELCC study are used to reduce the Generation
Capacity Credit assigned to incremental storage devices from the storage device’s
nameplate capacity as the EnCompass model solves to ensure peak forecast load and
planning reserve margins are met.

Those values in the list that are site-specific (i.e., Voltage Support, Black Start,
Transmission and Distribution Infrastructure Services) are not calculated within the
EnCompass model; such values would need to be quantified outside the model based
on an ad hoc calculation given the specific issues on the local grid intended to be
addressed. That is, if a specific distribution system upgrade is targeted for
deferral/avoidance through the use of a storage device, the exact nature of the
distribution issue needs to be evaluated to determine whether a storage device is a
potential solution.

Table 2.10-1 indicates which values in the potential storage value stack are captured
within the EnCompass model and which would need to be calculated outside the model,
if applicable to a proposed project. The generic storage device in Phase | was assumed
to be not capable of providing regulation services, but if a specific bid is submitted in
Phase Il that is designed to be capable of providing this service, it will be included in the
model.
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Table 2.10-1 Storage Resource Values Captured Within the EnCompass Model

Captured
within
EnCompass
Potential Energy Device Storage Value Model
Bulk Energy Services
Energy Arbitrage Yes
Intermittent Generation Curtailment
) Yes
Reduction
Generation Capacity Credit Yes!?
Dispatchability Yes
Ancillary Services
Operating Reserves
Regulating - Fast-Moving No
Regulating - Following No
Contingency - Spinning Yes
Contingency - Supplemental Yes
Flex - 10-Minute Responsive Yes
Flex - 30-Minute Responsive Yes
Voltage Support 2 No
Black Start? No
Transmission Infrastructure Services
Upgrade Deferral No
Congestion Relief?2 No
Distribution Infrastructure Services
Upgrade Deferral No
Voltage Support 2 No
Other
Carbon Emission Avoidance 2 Yes
Notes:

1) Subject to ELCC evaluation
2) Site-specific
3) With carbon cap enforced

Sub-Hourly Calculation of Storage Values

The EnCompass model values certain storage values that can be categorized as “sub-
hourly”; these include all the Ancillary Services shown in Table 2.10-1. As portfolio
selection and costing in EnCompass will be conducted with an hourly representation of
load and generation, other unidentified sub-hourly storage values are not captured.
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Modeling Process for Renewable Hybrid Facilities

In the Phase | modeling, the Company modeled generic 4-hour duration storage as a
standalone resource to simplify the modeling. The Company included a percent
reduction from the NREL ATB costs to represent the impact of the current federal ITC
as if the storage were paired with solar. However, we did not include any operational
restrictions (such as charging only from a renewable resource, or simultaneous
discharge limitation due to interconnection size) that are typically found with co-located
paired resources.

In Phase I, bid proposals will be modeled in accordance with the actual economics and
operational parameters of the specific proposed bids. For example, standalone storage
projects will not receive a credit for the federal ITC unless current tax laws are changed
so that standalone storage does receive a tax credit.
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2.11 ASSESSMENT OF NEED FOR ADDITIONAL RESOURCES

In this Section, the Company provides information regarding its assessment of need for
additional resources as required by Rule 3610. Rule 3610(a) requires the Company to
assess the need to acquire additional resources during the RAP by comparing the
electric energy and demand forecasts developed pursuant to Rule 3606 with the
existing level of resources developed pursuant to Rule 3607, and planning reserve
margins developed pursuant to Rule 3609. Additionally, as discussed throughout the
Company’s 2021 ERP & CEP, the need for resources is driven by the requirement to
achieve the clean energy target of reducing carbon emissions by 80 percent from 2005
levels by 2030.

Renewable Energy Standard Resources

In assessing its need to acquire additional resources, Rule 3610(b)(I) requires the
Company to determine the additional eligible energy resources, if any, the Company will
need to acquire to comply with the Commission’s RES rules. The Renewable Energy
Standard (“RES”) requires Public Service to generate a minimum of 30 percent of its
energy from qualified renewable energy resources by 2020 (Rule 3654(a)(ll)). The
Company uses the Renewable Energy Credits (“RECs”) generated by these renewable
resources to satisfy the minimum annual requirements of the RES. Due to the
progressive direction taken by the Company regarding renewable energy over the past
decade, the Company has an ample supply of RECs to satisfy the compliance of the
RES through 2030. As a result, the push to acquire more renewable energy in this
2021 ERP & CEP is driven by the economic value of renewable energy and its
significant contribution toward achieving clean energy targets as opposed to the strict
need to comply with the minimum requirements of the RES.

Demand-Side Resources

In assessing its need to acquire additional resources, Rule 3610(b)(ll) requires the
Company to take into account the demand-side resources it must acquire to meet the
energy savings and peak demand reduction goals established under § 40-3.2-104,
C.R.S. To that end, the Commission shall permit the utility to implement cost-effective
demand-side resources to reduce the need for additional resources that would
otherwise be met through a competitive acquisition process pursuant to Rule 3611. See
Section 2.4 for details regarding demand-side resources.

Benefits of Energy Storage Systems

In assessing its need to acquire additional resources, Rule 3610(b)(lll) requires the
Company to consider the benefits energy storage systems may provide to increase
integration of intermittent resources, improve reliability, reduce the need for increased
generation facilities to meet periods of peak demand, and avoid, reduce, or defer
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investments. See Section 2.10 for further discussion regarding the benefits of energy
storage systems.

Dispatchable Generation Resources

The following discussion emphasizes the continued need to maintain some level of
dispatchable generation resources as part of the Company’s generation supply fleet. In
this context the term “dispatchable generation resources” refers to resources that
system operators can start and ramp up or down anytime, day or night, regardless of
local meteorological conditions, and can operate continuously for multiple days. This
simplified analysis is not intended to supplant the long-term reliability framework of the
Company’s 2021 ERP & CEP, but to illustrate how portfolios of dispatchable generation,
non-dispatchable intermittent renewable generation, and dispatchable limited energy
resources (e.g., storage) would be utilized to meet a future meteorological event similar
to one that has occurred in the recent past, as explained below.

Analysis of a Weather Event — November 25-30, 2015

Figure 2.11-1 below shows the Company’s native load and portfolio wind and solar
generation for the six-day period beginning November 25, 2015.26 At that time, the
Company'’s wind portfolio (distributed across the eastern Colorado plains) totaled 2,554
MW and the solar portfolio totaled approximately 375 MW; the Company’s solar portfolio
was primarily composed of utility solar in the San Luis Valley (135 MW) and customer-
sited solar (230 MW) mostly located in the Denver/Boulder load center. During the four-
day period starting on November 26:
e Minimum native load did not drop below 3,000 MW,
e Peak load reached 4,900 MW on the fourth day of the event,
e Hourly wind generation capacity factor averaged 0.3%,
e Wind generation never achieved an hourly generation capacity factor greater
than approximately 4%,
e Solar generation capacity factor averaged 7% across all hours and 16% across
daylight hours, and
e Solar generation never achieved an hourly generation capacity factor greater
than 35%.

26 Native load is the total load that must be met with the Company’s portfolio of demand and supply-side
resources including the total load of those customers with customer-sited solar or who subscribe to a
community solar garden. Portfolio solar includes customer-sited solar and community solar garden
generators.
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Figure 2.11-1 Native Load and Renewable Generation Late November 2015
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This multi-day, meteorologically induced loss of renewable generation event was
caused by a combination of snow and cloudy skies across Colorado, icing on the
eastern plains during the start of the event, and low wind speeds at the middle and end
of the event. Icing is a condition that occurs near the freezing point and results in the
build-up of layers of ice on wind turbine blades that disrupts the airflow around the
blades resulting in significant loss in efficiency or, in cases of heavy icing, wind turbine
unavailability. While photovoltaic panels can generate electricity at reduced rates
during overcast conditions, snow on photovoltaic panels significantly impacts energy
production until the snow blows, melts, or slides off the panels. Snow removal can take
several days depending upon weather conditions (primarily air temperatures) after
snowfall.

Peak and average native load during this event were relatively low compared to winter
and summer peak periods, and the Company had sufficient dispatchable thermal
generation in its portfolio. However, if the Company has insufficient dispatchable
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generation to call upon during these types of events in the future, they could represent
significant reliability events.?’

Although storage can be utilized to address short-term losses of wind and solar
generation (on the order of 4-6 hours), the amount of storage that would be required to
meet customer load for the entirety of this 2015 event is roughly two orders of
magnitude greater than would typically be contemplated in the near term. This
observation can be illustrated by replotting the same information in Figure 2.11-1 on a
net load basis and then estimating what future net loads might look like with future
portfolios of incremental wind and solar generation, as shown in Figure 2.11-2 below.

Figure 2.11-2 Net Load During Late November 2015 Meteorological Event with
Future Renewable Portfolios
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The 2023 portfolio shown in Figure 2.11-2 (shown as the blue line) is the MW level of
solar and wind expected to be in-service at that time; this 2023 portfolio has 1,570 MW

27 As these November 2015 meteorological events were experienced by the entire state, it did not solely
impact the Company’s fleet of solar and wind generation. Thus, if in the future, surrounding utilities also
rely exclusively on wind, solar, and storage, it is doubtful they will be able to meet their own electricity
demands during these types of events let alone be relied on to sell “excess” generation to the Company.
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of incremental wind and 1,690 MW of incremental solar compared to the actual 2019
portfolio (shown as the black line). The 2030 portfolio shown in Figure 2.11-2 (shown
as the red line and representative of the incremental levels of solar and wind in the
Company’s preferred CEP portfolio) has 2,570 MW of incremental wind and 4,130 MW
of incremental solar compared to the actual 2019 portfolio.?®¢  While the incremental
4,130 MW of solar in the 2030 portfolio does somewhat reduce net load during daylight
hours, it does so at only 25% of the solar MW nameplate. As the net load peaks
occurred after sunset on 11/27, 11/28, and 11/29, the incremental solar does not reduce
the highest hourly net load peaks on those days.

It can be instructional to estimate the total amount of short-duration storage that would
be required during this event to meet net load in the absence of any dispatchable
generation resources, as a proxy scenario for a system which has only solar, wind, and
energy storage resources.

No Dispatchable Generation Scenario

The area under the 2030 net load profile in Figure 2.11-2 from 8 PM on 11/25 to 8 AM
on 11/30 (the period during which net load remains above 3,000 MW) is approximately
390,000 MWh. Thus, if the Company’s system were modeled with firm import
capabilities consistent with the Planning Reserve Margin study assumptions, the
storage portfolio would need a minimum capacity of approximately 4,500 MW (to meet
the 4,900 MW net peak load on 11/29 less approximately 400 MW transmission import)
and 347,000 MWh of energy storage (390,000 MWh — 400 MW * 108 hours).?°

To meet these storage requirements with 5-hour duration storage resources (i.e.,
resources with a duration similar to that of the Company’s Cabin Creek pumped hydro
facility) would require that approximately 69,000 MW of such resources be installed on
the Public Service system.3°

This simple illustration doesn’t contemplate that in order to prepare for such an event,
storage resources would have had to be completely full and ready for discharge at the
start of the event. Thus, the meteorological event would need to be adequately
forecasted and prepared for. Also, the portfolio of storage devices could not have been

28 Incremental utility solar and wind generation were modeled off the geographically diverse generic
resources described elsewhere in Volume 2. The model also included incremental behind-the-meter and
community solar garden generation.

29 Actual required storage MW would be higher if less than 100% availability for the storage resources is
assumed and if reserve requirements were also met with storage.

30 347,000 MWh / 5 hours = 69,400 MW.
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utilized for any other purpose during the event in order to preserve the stored energy for
bulk electric system needs.

Base Portfolio of Dispatchable Generation

Figure 2.11-3 below shows the 2030 portfolio information for 11/29 from Figure 2.12-2,
along with the solar generation on that day and an illustrative profile for a certain
guantity of dispatchable generation. With this dispatchable generation meeting the bulk
of demand, a storage portfolio on the order of 1,000 MW of 5-hour storage could be
used to shift solar generation to reliably meet the evening net peak load. As more solar
and storage are added, the level of required dispatchable generation in such events
could be decreased. However as indicated above, solar capacity factors during such
weather events are low, and thus solar is not necessarily an effective source of daytime
energy to be stored to meet net peak loads later in the day during these types of events.

Figure 2.11-3 lllustrative Use of Solar, Storage, and Dispatchable Generation
to Address November 2015 Meteorological Event
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Conclusion

The level of storage required to solely meet net load during weather events like the late
November 2015 event described above (69,000 MW) is not reasonably attainable in the
near term. Thus, some level of dispatchable or baseload generation will be required for
the foreseeable future. In order to reliably plan and operate the electric system,
evaluation and recognition of outlier weather events will be critical as more intermittent
non-dispatchable generation is added to portfolios to meet carbon dioxide reduction
targets.

Carbon-Neutral Peaking Resource Analysis

In Decision No. R20-0108 (Proceeding No. 19A-0409E), the Commission found the
future ERP filing requirements in the parties’ proposed Settlement Agreement to be just
and reasonable (paragraph 63). That Settlement Agreement included the following
2021 ERP filing requirement: “The Company agrees to put forward an analysis of
potential utilization of carbon-neutral peaking resources as a part of the Phase | portion
of the Company’s next ERP.”

For this analysis, the Company has assumed that a “carbon-neutral peaking resource”
is one that provides dispatchable generation capacity on a long-term planning basis
similar to a gas-fired combustion turbine, but with no net CO2 emissions. As solar and
wind are the two most cost-effective and commercially available non-CO2 emitting
generation resources, this analysis focuses on them. However, in order to be able to
dispatch solar or wind generation, some element of energy storage must be included.
Given the higher ELCC values for incremental solar versus incremental wind in the
Company’s portfolio, the following analyses focus on solar with storage (“solar hybrid”)
facilities.

As a result of the 2016 ERP the Company contracted for three solar with battery storage
facilities totaling 550 MW of solar and 275 MW/1,100 MWh of storage.3! As part of the
updated ELCC study (Table 6 of Appendix E), the Company is affording these three
solar hybrid facilities a total of 430 MW of generation capacity credit (78% ELCC on 550
MW of solar nameplate).3? Although not explicitly studied, the ELCC study results
indicate that if the solar hybrid facilities had been designed with approximately 475 MW

31 All three of these facilities have a solar to storage MW ratio of 2.0 and 4-hour duration storage. These
three facilities are scheduled to be in-service no later than December 31, 2022.

82 550 MW * 48% = 264 MW for the solar component and 275 MW * 61% = 166 MW for the storage
component. 264 + 166 = 430. 430/550 = 0.78.
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of battery capacity instead of 275 MW, the solar hybrid facilities would have received
100% ELCC credit calculated against the solar nameplate MW.32 Such facilities would
meet the definition posited above for a carbon-neutral peaking resource.3*

The calculations above assigned the solar portfolio average ELCC to the three solar
facilities. However, the ELCC study report clearly documents the decline in ELCC for
both incremental solar and incremental storage. Figure 4 in the study report shows that
the ELCC to be attributed to the next 500 MW tranche of solar is approximately 25%.
Figure 10 in the study report shows that the ELCC to be attributed to the next 500 MW
of standalone 4-hour storage is approximately 50%. Thus, if a solar hybrid facility is one
designed with no more storage MW than solar MW, it is not possible to achieve 100%
ELCC solar hybrid facilities in the Company’s portfolio.

The storage components of a solar hybrid facility can, of course, provide other values
other than just generation capacity credit. The Company lists the various other value
streams that storage resources will be afforded in the Phase Il competitive solicitation in
Section 10. Thus, although solar hybrid and wind hybrid facilities may not be able to
provide 100% ELCC credit to the Company’s portfolio of generation and storage
resources, they can still be part of cost-effective, reliable portfolios that help the
Company achieve its carbon reduction targets.

33 |In order to provide 550 MW of total generation capacity credit, the solar component would need to
provide 286 MW. Assuming 60% ELCC for incremental storage, 286/0.6 = 477 MW.

34 There is no assurance, however, that had the three solar hybrid projects been bid with higher levels of
storage they would have remained cost effective resources against other bids in the competitive
solicitation.
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2.12

LOAD AND RESOURCE ASSESSMENT

Reliability/Capacity Need Assessment

By comparing the forecast of electric demand with the existing/planned level of installed
generation resources and planning reserve margins over the RAP, the Company
determines whether there is a need for additional generation capacity on the system.
This assessment is commonly referred to as a “load and resource balance” or “L&R.”
Over the course of this 2021 ERP process, the Company will provide L&R projections in
both Phase | and Phase Il. These Phase | and Phase Il L&R projections serve different
purposes and are expected to vary as described below.

ERP Phase | L&R — developed and provided at the time the Company files its
2021 ERP. Its primary function is to provide an initial projection of capacity
needs (i.e., resource need) that: (1) are used in the modeling of ERP and CEP
portfolios, and (2) could be filled in the Phase Il acquisition process. The Phase |
L&R utilizes the Company’s December 2020 forecast of firm electric demand to
represent the “load side” of the balance and existing generation resources as
well as planned generation resources to be acquired to represent the “resource
side” of the balance. The Phase | L&R is not intended to be the definitive
representation of the resource needs the Company will fill in the Phase I
competitive resource acquisition process.

ERP Phase Il L&R — developed prior to receipt of bids in the 2021 ERP Phase |l
acquisition process to represent the resource needs to be filled through that
process. This Phase Il L&R is certain to show a different level of resource need
than that shown in Phase I. This is due to the fact that the Phase Il L&R will not
only reflect an update to the Company's demand forecast, but also the
Commission decisions from Phase | of the 2021 ERP and other proceedings that
impact the determination of resource need. These could include for example
Phase | ERP decisions related to the Company’s demand forecast methodology,
ELCC levels for intermittent generation resources, and the Company’ planning
reserve margin. By updating the L&R balance at the time of the Phase II
competitive acquisition process, the Company will better ensure that we acquire
the appropriate amount of generation resources to reliably serve the peak
demands during the RAP.

Figure 2.12-1 provides an illustrative diagram of the Company’s assessment of the need
for additional generation capacity.
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Figure 2.12-1 lllustrative Diagram of Assessment of Need
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Note: The values in this figure are illustrative.

The resource need assessment accounts for the reduction in peak demand resulting
from the Company’'s demand response programs. The resource need or capacity

position is then a result of existing resources less the load and reserves.

ERP Phase | L&R

Table 2.12-1 provides the ERP Phase | L&R projection of resource capacity need.
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Table 2.12-1 Load and Resources Table (MW)

PSCo Summer L&R Table (MW) 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Owned Coal 1,980 1,980 1,655 1,655 1,655 1,278 1,278 1,278 1,278 1,278
Purchased Coal 150 150 - - - - - - - -

Total Coal-Fired Generation 2,130 2,130 1,655 1,655 1,655 1,278 1,278 1,278 1,278 1,278
Owned Gas Steam 310 310 310 310 310 310 310 - - -
Owned Gas Combined Cycle 1,855 1,941 1,968 1,968 1,968 1,968 1,968 1,968 1,968 1,968
Purchased Gas Combined Cycle 370 302 170 51 51 - - - - -
Owned Gas Combustion Turbine 805 1,067 1,067 1,067 1,067 1,067 896 896 896 896
Purchased Gas Combustion Turbine 1,013 758 758 758 758 733 458 238 238 238

Total Gas-Fired Generation 4,352 4,378 4,273 4,155 4,155 4,078 3,632 3,102 3,102 3,102
Owned Storage 162 243 276 276 276 276 276 276 276 276
Purchased Storage - - 199 199 199 199 199 199 199 199
Purchased Biomass 3 3 3 - - - - - - -
Owned Hydro 14 14 14 14 14 14 14 13 13 13
Purchased Hydro 18 18 18 18 17 17 9 - - -
Owned Solar 0.9 0.9 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Purchased Solar 202 363 673 669 666 663 659 653 650 647
Purchased BTM Solar 172 195 119 119 125 130 136 144 153 164
Purchased Community Solar 71 111 102 103 121 138 155 171 186 201
Owned Wind 131 131 147 147 147 147 147 147 147 147
Purchased Wind 360 360 402 402 402 394 384 316 316 313

Total Renewable/Other Generation 1,134 1,439 15953 1,948 1,967 159789, 1,980 1,920 1,942 1,961

TOTAL ACCREDITED CAPACITY 7,616 7,947 7,881 7,758 7,777 7,335 6,891 6,300 6,322 6,342
Native Load Forecast - Winter2020 6,856 6,973 6,951 6,978 7,031 6,906 6,986 7,063 7,130 7,219
Demand Response (527) (527) (561) (561) (561) (586) (586) (586) (586) (605)

FIRM OBLIGATION LOAD 6,329 6,446 6,390 6,417 6,470 6,320 6,400 6,477 6,544 6,614
Target Planning Reserve Margin 1,139 1,160 1,233 1,232 1,242 1,207 1,152 1,166 1,178 1,191
IREA & HCEA Backup Reserves 45 45 48 48 48 11 11 11 11 11

TOTAL PLANNING RESERVE MARGIN TARGET 1,184 1,205 1,281 1,280 1,290 1,219 1,163 1,177 1,189 1,201
Actual Reserve Margin 1,287 1,501 1,492 1,341 1,307 1,016 491 (177) (222) (272)

CAPACITY POSITION: LONG/(SHORT) 102 296 210 61 17 (203) (672) (1,354) (1,411) (1,474)

Announced Early Coal Retirements 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Craig 2 (40) (40)
Hayden 1 (135) (135)
Hayden 2 (98) (98) (98)

PREFERRED PLAN CAPACITY POSITION: LONG/(SHORT) 102 296 210 61 17 (203) (672) (1,452) (1,684) (1,747)

The load and resource balance reflects the capacity needs associated with the
Company’s coal action plan as part of the preferred clean energy plan. The Company’s
preferred CEP includes the early retirements for Craig 2, Hayden 1, and Hayden 2 and
the capacities for those respective facilities have been included in the need
demonstrated above. However, the preferred CEP retains the same level of generation
capacity for Pawnee (505 MW) and Comanche 3 (500 MW PSCo share) through 2030.
Consistent with prior practice, the Company has also projected continued annual
acquisitions of Retail Distributed Generation (“DG”) throughout the RAP. Public Service
will update these estimates in accordance with the Commission decisions when
determining the resource needs to be filled through the Phase Il acquisition process.
Also embedded within the existing and planned generation values in Table 2.12-1 are
the retirements of Comanche Units 1 and 2 as well as the Colorado Energy Plan
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Portfolio resource additions®® approved by the Commission (Proceeding No. 16A-
0396E) and the 2016 ERP Amendment (Proceeding No. 19A-0530E).

Uncertainty in Phase |l Resource/Capacity Need Assessment

Inherent in any forecast of resource need is the uncertainty associated with the
Company’s forecast of customer demand for electric service. That forecast is tied to
various factors such as the local economic conditions of the state. In particular for this
2021 ERP, the level of beneficial electrification that is assumed within the RAP can
have a material effect on the level of capacity needs. See Section 2.2 for further
discussion.

35 The capacity needs projected in Table 2.13-1 are calculated assuming the 72 MW Hartsel solar facility
(34 MW ELCC) approved as part of the Colorado Energy Plan Portfolio is successfully brought on-line by
December 31, 2022. At the time of this filing, Park County Colorado has, however, denied granting the
needed permits for the project to proceed to construction. The Company will continue to monitor this
situation and if needed, remove the project MW’s from the Phase Il L&R calculation of capacity needs.

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 241 oF 242



2.13 PHASE | PLAN DEVELOPMENT AND MODELING DETAILS

EnCompass Model Description

In 2019, Public Service selected a new software package to replace Strategist and
address the expressed need for more detailed modeling capabilities in the complex and
evolving resource planning environment. Following an extensive evaluation process,
Public Service selected “EnCompass,” a software package produced by Anchor Power
Solutions as its preferred replacement of Strategist.

Public Service selected the EnCompass model in part because the Company believes
this option meets the expectations that have been expressed by the Commission and
stakeholders regarding modeling functionality and transparency. For example, this new
modeling software provides enhanced functionality by implementing a state-of-the-art
solver algorithm that enables the ability to find optimal power supply portfolios among
the highly complex processes we now regularly face in resource planning, such as
managing over 400 bids received in the recent 2017 All-Source Solicitation, as well as
increasing levels of renewables and storage alternatives. EnCompass allows modeling
on an hourly chronological basis thereby providing increased resolution to accurately
model power supply system operations with increasing levels of intermittent generation
storage systems, and ancillary service requirements. The EnCompass tool is also able
to perform utility capital accounting functions to translate power system investments into
utility revenue requirements.

In addition to its enhanced functionality, the EnCompass software tool also meets the
need for improved transparency and accessibility by other parties. For example, the
data structure is easy to understand and manage and all inputs and outputs are
shareable and readable in non-proprietary Excel spreadsheet format.

A more detailed description of the model, which is a document provided by the vendor,
Anchor Power Solutions, is provided as Appendix G.

ERP and CEP Development

Analysis Framework

This Section describes the process by which the Company developed a suite of
indicative resource portfolios that meet the projected resource needs of the Company
for years 2021-2030 and the estimated costs of those portfolios over a 2021-2055
planning period. Portfolios were developed to meet two distinct resource needs:
(1) ERP needs associated with meeting the Company’s planning reserve margin target,
reliability requirements, and other compliance requirements but without the requirement
to achieve 80 percent carbon emissions reduction by 2030; and (2) CEP needs
associated with meeting the same requirements as Electric Resource Plan portfolios
plus achieving 80 percent carbon emissions reduction by 2030. Indicative portfolios
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were also developed under two different assumptions for the cost of carbon (CO2)
emissions, including: (1) the social cost of carbon (“SCC”) as defined in SB 19-236; and
(2) no cost of CO2 (“$0/ton”) as an alternative cost of CO2 as described in SB 19-236.

Carbon Dioxide Emission Caps

Both ERP portfolios and CEP portfolios were required within the modeling to meet
annual CO2 emission caps on a trajectory to 100% reduction by 2050; however, their
trajectory to 100% reduction by 2050 was different because CEP portfolios must meet
the immediate requirement of 80% CO2 reduction by 2030. As Figure 2.13-1 on the
following page demonstrates, both ERP and CEP portfolios maintain the 60% CO:2
emission reduction achieved by the Company’s Colorado Energy Plan which was
approved in the 2016 ERP. ERP portfolios maintain this 60% reduction through 2030
and then have a trajectory of CO2 emission caps from 2031-2050 which steadily require
CO2 reductions until reaching 100% achievement in 2050. CEP portfolios also must
maintain the 60% reduction achieved through the Colorado Energy Plan through 2029,
achieve the 80% requirement by 2030, and then must meet continued progress toward
100% achievement by 2050.

In application, continuous progress was set up as a linear reduction on a path to 90
percent reduction by 2050 for the period of 2030-2040. Then, starting in 2041, all of the
scenarios were required to accelerate the trajectory of CO2 reductions to reach zero
tons of carbon by 2050. The ERP portfolios are not required to meet 80% reduction
until 2042. During preliminary modeling, it was observed that the various stages of
analysis, progressing from capacity expansion to production costing and detailed hourly
commitment, resulted in increasing levels of carbon emissions for the same plan. Thus,
lower caps were input into the modeling of capacity expansion and production costing to
ensure plans were selected that would meet the true caps under real-time operations.
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Figure 2.13-1 ERP and CEP COz Emission Caps
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Indicative ERP and CEP portfolios were developed using the EnCompass computer
model. The Company proposes to use this same general framework for developing
ERP and CEP portfolios in the Phase Il process. Figure 2.13-2 on the following page
provides a high-level illustration of the Company’s analysis framework for creating these
portfolios under both a SCC assumption and $0/ton assumption. Boxes 1 through 8 of
Figure 2.13-2 are described in more detail following the figure.
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Figure 2.13-2 ERP and CEP Analysis Framework
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Modeling Input Assumptions (1)

The base model was developed and populated with all the assumptions needed to fully
represent the existing Public Service system and extend forecasts of required variables
(i.e., load, fuel prices, etc.) through the modeling period. For Phase I, costs and
performance characteristics of generic resources were added; for Phase Il the individual
bid costs and other bid characteristics, including location, will be utilized.

ERP Portfolios (2)

The ERP portfolios are optimized with both SCC and $0/ton CO2 emission costs to meet
the needs and requirements of the Public Service system absent the SB 19-236
requirement to achieve 80% CO:2 reduction by 2030. These portfolios maintain at least
60% CO:2 reduction through 2030 and then continued progress to 100% by 2050.
These portfolios clearly distinguish the set of resources necessary to meet customer
needs without the additional requirement of 80% CO:2 reduction by 2030. These
portfolios will be used in measuring the additional costs or savings of each CEP
portfolio.

CEP Portfolios (3)

The CEP portfolios meet the same customer needs as required by ERP portfolios with
the added requirement of 80% CO2 reduction by 2030 and then continued progress to
100% by 2050. These CO:2 reductions are accomplished by optimizing a set of generic
resources around different combinations of coal actions as discussed in more detail
below.

Reliability Assessment (4 & 5)

Each optimized portfolio of resources developed within the EnCompass model was
reviewed to assess the expected reliability of the resulting Public Service system from
three perspectives:

e Transmission reliability: assess the need for additional transmission
upgrades to reliably deliver the output of the existing resources and new
resources within each portfolio to load. This assessment was performed from
both a real-time transmission operation perspective and a longer-term
transmission planning perspective. To the extent additional transmission
facilities were deemed necessary, the estimated cost of those facilities was
included in the overall cost of the portfolio.

e Generation reliability: assess whether each portfolio contained sufficient
levels and types of generation resources to reliably maintain the balance
between load and generation. This included a review to assess whether the
portfolio of resources could be expected to meet various reliability
requirements, including but not limited to operating reserve (e.g., spin, non-
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spin, regulating), planning reserve margin, and flex reserve requirements. To
the extent this review identified the need to make modifications as to how
reliability requirements were being modeled or how resources being modeled
were contributing to those reliability requirements, such changes were made
within EnCompass.

e Fuel supply reliability: assess whether each portfolio contained sufficient firm
fuel supply, natural gas storage, and gas storage withdrawal capability to
reliably meet the projected peak gas demand requirements and hourly swings
across the generation fleet. To the extent additional gas storage and
withdrawal capability were identified, the estimated cost of those facilities was
included in the overall cost of the portfolio.

Portfolio Costs (6 & 7)

Estimates of the total annual revenue requirements for each portfolio were developed
for all years of the 2021-2055 planning period.®® These total annual revenue
requirements reflect the annual revenue the Company would collect from its electric
customers (both retail and wholesale) to cover operating expenses and the Company’s
authorized rate of return associated with its existing electric generation, transmission
and distribution system, as well as changes to the existing system, including but not
limited to: additions and retirements/expirations within both the Company’s owned and
purchased generating fleet; the cost of fuel burned within that fleet; the cost of CO:2
emitted from that fleet; and the cost of additional transmission and distribution facilities
necessary to deliver the output of the generation fleet to customers. Annual revenue
requirements in nominal dollars were discounted at the Company’s weighted average
cost of capital ("WACC”) as discussed in Section 2.14 below. For the expansion plans
developed using the SCC, two dispatches of the portfolio were completed and costed:
one including the SCC in the dispatch decision making process and one with no cost of
carbon in the dispatch decision. The practical effect of including SCC in the dispatch
decision is EnCompass will dispatch coal-fired resources last in the role of a peaking
resource. In general, absent any future regulatory action, the Company generally
considers the dispatch without the SCC in the dispatch decision as more reflective of
current expectations and more realistic in modeling the real-life commit and dispatch
decisions made by system operators faced with uncertainty in renewable output,
generator outages, and the relatively long-lead time required by coal units to respond to
variances in these real-life reliability challenges.

36 As discussed elsewhere, the model was run through 2050, and the 2050 costs and load were repeated
without inflation or growth to cover through 2055.
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Portfolio Cost Comparison (8)

Estimates of the total annual revenue requirements for each CEP portfolio were
compared with those of the ERP portfolio for all years of the 2021-2055 planning period.
The differences in annual revenue requirements (both increases and decreases)
between each CEP portfolio and the ERP portfolio were used to estimate the customer
cost impacts of the different CEP portfolios over the planning period.

Coal Actions Considered

As of the time of this 2021 ERP & CEP filing, Public Service has a total of seven coal-
fired units operating on its system.

Table 2.13-1 Public Service Coal-Fired Generating Units

Unit Total Public Retirement Location
(MW) Service Date
ownership (EQY)
(MW)
Craig 2 410 40 2028 Moffat County, CO
Hayden 1 179 135 2028 Routt County, CO
Hayden 2 262 98 2027 Routt County, CO
Comanche 1 325 325 2022 Pueblo County, CO
Comanche 2 335 335 2025 Pueblo County, CO
Comanche 3 750 500 2069 Pueblo County, CO
Pawnee 505 505 2041 Morgan County, CO

Craig 2: In January 2020, Tri-State announced the closure of the Craig generation
station located in NW Colorado by 2030. Public Service owns 10% of Craig 2. The joint
owners of the Craig station agreed to early retire Craig 2 EOY 2028. As a result, all ERP
and CEP portfolios include Craig 2 retiring EOY 2028.

Hayden 1 & 2: Public Service jointly owns the Hayden Station with PacifiCorp and Salt
River Project. The joint owners of Hayden reached a consensus that Hayden 1 & 2 be
early retired EOY 2028 and EQOY 2027 respectively. As a result, all ERP and CEP
portfolios include Hayden 1 & 2 retiring EOY 2028 and 2027 respectively.

Comanche 1 & 2: In Decision No. C18-0761 the Commission approved the Colorado
Energy Plan which includes early retirement of Comanche 1 EOY 2022 and Comanche
2 EQY 2025. As a result, all ERP and CEP portfolios include Comanche 1 & 2 retiring
EOY 2022 and 2025 respectively.

Comanche 3: In developing ERP and CEP portfolios, a range of actions were
evaluated for the Comanche 3 unit including:
e Early retirement
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e Conversion to burn natural gas
e Continued operation on coal at reduced output

Pawnee: In developing ERP and CEP portfolios, a range of actions were evaluated for
the Pawnee unit including:

e Early retirement

e Conversion to burn natural gas

Combinations of Coal Actions Evaluated

As described above, all ERP and CEP portfolios evaluated and presented by the
Company include early retirement of Craig 2, Hayden 1 & 2, and Comanche 1 & 2. With
that, the evaluation of coal actions focused on the two remaining coal units, Pawnee
and Comanche 3. The Company evaluated a variety of different combinations of paired
actions associated with Pawnee and Comanche 3 as illustrated in Figure 2.13-3. The
business as usual (“BAU”) retirement date for Pawnee is 2041 and the BAU retirement
date for Comanche 3 is 2069.

Figure 2.13-3 Pawnee and Comanche 3 Actions Considered

Pawnee Comanche 3
Early Retire
Early { Convert | Convert Early Early | Convert | EOY 2039,
Retire | to Gas | to Gas Retire | Retire | to Gas Reduced
Paired | EOY EQOY EQY BAU EQY EQOY EQY Operations | BAU
Action | 2028 2027 2024 2029 2039 2027 |starting 2030
1 X X
2 X X
3 X X
4 X X
5 X X
6 X X
7 X X
8 X X

Optimizing ERP and CEP Portfolios

A series of eight portfolios were developed around the common assumption of Craig 2,
Hayden 1 & 2, and Comanche 1 & 2 early retirements coupled with the combinations of
coal actions to Pawnee and Comanche 3 in Figure 2.13-3 above. Each separate
portfolio was developed within the EnCompass computer model by hardcoding the
separate combinations of early retirements and coal actions into the model and then
running the model to optimize the additional resources that would be needed to meet
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the reliability requirements of the system and in the case of CEP portfolios, the
requirement to reduce CO2 emissions 80% by 2030.

EnCompass Modeling Steps: Portfolios were developed within the EnCompass model
using a multi-step process.

Step 1 — Optimized Portfolios:

The first step optimized the generic resource additions needed to meet reliability and
the modeled CO2 emission caps from 2021-2050. These optimized portfolio runs were
performed using two typical days per month. One of these days is a representative on-
peak weekday, and the other is a representative off-peak weekend day. Step 1
optimized portfolios were completed with both SCC and $0/ton costs for CO2 emissions
included in the variable energy cost of the portfolios in addition to the CO2 emission
caps.

Step 2 — 8760-Dispatch:

The second step involved performing 8760-hourly dispatch (“8760-dispatch”) for each
year of each optimized portfolio from 2021-2050. These 8760-dispatch runs were used
to determine the production costs and dispatch metrics of each portfolio, and the results
of these 8760-dispatch runs are used to produce all data shown in this filing relating to
the model output (i.e., portfolio costs, CO2 emissions, energy mix, etc.). Step 2 8760-
dispatch of optimized portfolios was completed with both SCC and $0/ton costs for CO2
emissions included in the variable energy cost of the portfolios in addition to the COz2
emission caps.

Step 2 runs were completed using a full chronological 8760 hour-per-year dispatch and
included all ancillary service requirements and economic commitment and dispatch of
all resources, including storage charge and discharge. For these runs, the EnCompass
“partial commitment” setting was used to balance model runtime while still providing
accurate annualized production cost information. Several scenarios were more fully
explored at an hourly level using the “Full Commitment” setting for selected years to
ensure reliability metrics were being met on an hourly basis and to provide a
comparison of results between using the full or simplified commitment logic. The
complexity of the PSCo system and modeling structure precluded using the full
commitment logic for the entire modeling period for all scenarios — each year completed
typically takes over 24 hours to complete. However, for Phase Il modeling, the
Company intends to revisit using the full commitment logic.

Application of CO, Costs: As illustrated in Figure 2.13-2 above, Step 1 ERP and CEP
portfolios were optimized for two different assumptions for the cost of CO2 emitted within
a portfolio: (1) the SCC, and (2) $0/ton. The annual $/ton rate used to represent the
SCC is discussed in Section 2.14.
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For the SCC ERP and CEP optimized portfolios, the Step 1 portfolios were developed
inclusive of pricing each ton of CO2 emitted at the $/ton of SCC. The Step 1 portfolios
were then dispatched two ways in separate Step 2 runs: one included the SCC in the
dispatch process, and the other was dispatched without an explicit CO2 cost. In the
Step 2 with $0/ton CO2 cost, the SCC was not included as an actual cost recovered
from customers through the Company’s revenue requirements or in the dispatch
decision making process. Both views were provided to ensure full representation of the
portfolios, as well as to provide a comparison of the effects of including SCC in the
dispatch costing.

The $0/ton ERP and CEP optimized portfolios did not have a CO: cost included in either
Step 1 or Step 2. Comparison of the plans produced under this assumption to the SCC
portfolios, fully informs the impact of planning with or without inclusion of the SCC.

Asset Recovery: In cases where generation resources were modeled as being early
retired or converted to burn gas, the recovery of any undepreciated plant balances were
represented by the assumption that the Company would continue to depreciate the
asset to the current retirement date of the asset up to the date that the early retirement
or gas conversion action occurred, after which any remaining plant balance would be
recovered over the 10-year period immediately following the early retirement year. This
asset recovery approach is referred to herein as a regulated asset recovery approach.
However, for the preferred plan (Portfolio SCC 7), the Company included a
securitization approach for the remaining balance of Comanche 3 in 2040.

Generation Ownership: Consistent with the provisions of SB 19-236 all ERP and CEP
portfolios were modeled in Phase | with an assumption that 50% of all new generation
resources included in portfolios in years 2021-2030 of the planning period are
Company-owned resources.

Fuel Supply: All ERP and CEP portfolios were modeled in Phase | with firm fuel supply
and incremental gas storage needs in accordance with the studies performed by the
Company and discussed in Section 2.18.

Transmission: The costs associated with the proposed Pathway Project were included
in all portfolios. The expansion plans were initially optimized using incremental
transmission cost “adders” for each generic resource, but these costs were removed
from the first 5,000 MW of incremental generic renewable resources in each plan in the
PVRR calculations under the assumption that the proposed transmission projects would
supply the needed transmission infrastructure for these resources.

Community Assistance Plans and Work Force Transition: Community Assistance Plan
and Workforce Transition Plan cost estimates were included within the modeling of ERP
and CEP portfolios for all portfolios which included accelerated retirements. In addition,
all ERP and CEP portfolios included Workforce Transition Plans for all coal units for all
retirement dates modeled including BAU retirement dates. As discussed in the
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testimony of Company witness Jon Landrum, the costs in the model are placeholders as
of the time the models were being developed. Company witnesses Hollie Velasquez
Horvath and Holly Stanton further discuss the Company’s proposal regarding
Community Assistance Plans and Workforce Transition Plans.

SCC Optimized Portfolios and $0/ton 8760-dispatch Analysis Results

Presented in Table 2.13-2 are key attributes of 8 portfolios developed within the
EnCompass model as described earlier, an Electric Resource Plan portfolio and seven
Clean Energy Plan portfolios. The ERP portfolio is represented as SCC 1, and the
Company’s preferred CEP is represented by portfolio SCC 7. The seven Clean Energy
Plan portfolios combine actions on Pawnee and Comanche 3 and generic resource
additions around those coal actions to achieve CO2 reductions. The SCC was used in
the Step 1 development of these portfolios, specifically the amount and timing of generic
resources added. The Present Value of Revenue Requirements (“PVRR”) Utility Cost
and rate impacts reported in Table 2.13-2 for each portfolio were developed from the
8760-dispatch of each portfolio over the 2021-2055 planning period with $0/ton COz2 in
the system dispatch decision. These SCC optimized portfolios use the SCC in Step 1
and use $0/ton in Step 2.

The colored heat mapping used for the portfolio analysis results provides a visual aid in
assessing at a high level how the different portfolios compare or rank relative to one
another for a particular portfolio characteristic (e.g., COz2 reductions, PVRR Utility Cost,
etc). The heat mapping uses a three-tiered color scale in which green represents the
highest rank, yellow the middle rank, and red the lowest rank. There are two limitations
to this heat mapping approach. One, it does not provide information as to whether the
difference between a green, yellow or red ranking for a particular characteristic is a
material difference. For example, a $10 million difference in the PVRR Utility Cost
2021-2055 between two portfolios could result in one portfolio ranking green and
another yellow. Recognizing, however, that the total PVRR of portfolios is in the $40
billion range, a $10 million difference between portfolios in this instance would likely be
viewed as immaterial. Nevertheless, the materiality of different color rankings for each
portfolio characteristic is readily available within the numeric values provided. The other
limitation is that the color rankings are relative to a comparison made between portfolios
for the given set of assumptions, and those relative comparisons change when an
assumption changes. For example, a $700 million PVRR Utility Cost increase might be
ranked red for base assumptions but might be ranked green for High Gas Price
assumptions when the relative comparisons are reset. Nonetheless, the relative
rankings provide insight to how the portfolios rank for a given set of assumptions.
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Table 2.13-2 ERP and CEP Portfolios Optimized Using Social Cost of Carbon
(SCC not included in 8760-dispatch)

SCC Optimized Portfolios Prﬁ:fm’d
$0/ton 8760-dispatch -
50% ownership V
Portfolio] SCC 1 SCC2 SCC 3 SCC4 SCC5 SCCE SCC7 ScCsa
Resource Need: ERP CEP CEP CEP CEP CEP Preﬁsrpred CEP
P Acti Retire Retire: Retire ﬁutn;ert r(d:utn;ert P(llutnéert ﬁutnéert rzlutnéert
. a as a as a as a as a a5
awnee ACTOM eov 2041 | eov 2028 | 0v 2028 EOY 2027 | EOY 2027 | EOY 2027 | EOY 2027 | EOY 2024
. Retire Retire Retire Convert Retire Retire Retire Retire
Comanche 3 Action:) £qy 5069 | £0v 2029 ES;;%U;B Eg‘f}gg; EOY 2028 | EOY 2039 ES;%UDSSB EF?;';%":‘SB
2030 CO2 % Reduction -69% -88% -85% -86% -88% -81% -84% -85%,
C02 Reduction Efficiency ($/ton) - 5 46 | § 48 | & M5 36 (% 36 | & B 5 28
PVRR Utility Cost 2021-2055 ($M) 538814 | 539582 | $39,429 | $39373 | $39450 | $39230 | $39,306 | § 39453
PVRR Utility Cost Delta vs. SCC 1
2021-2030 (M) & - 5 271 |% 192 |% 28B4 (% 265|% 1¥7|$ 206§ 302
2021-2040 (5M)| & - 5 951 |% 621 |% 622(% 7TB6|FH 387 |F 479 |% 591
2021-2055 (5M)| & - 5 768 |% 616 |% H60(% 637 | 417 |% 492§ 639
Average Annual Rate Impact
2024-2030 (%) 2.1% 3.1% 2.8% 2 8% 2.9% 2 4% 2.6% 2.5%
2024-2040 (%) 1.5% 1.5% 1.6% 1.5% 1.5% 1.6% 1.5% 1.6%
2024-2055 (%) 1.7% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6%
NPV CO2 2021-2055 ($M) $ BG625|% 6206 |% 6719 (% 6295 (% 6234 |% 6809 |5 6646 (& 6329
PVRR Utility Cost + NPV CO2 2021-2055 ($M) 547439 | 545877 | 546,148 | 45669 | $45684 | 46040 | $45951 | § 45782
PVRR Utility Cost + NPV CO2 Delta vs. SCC 1
2021-2030 (3M)| & - 5 (124)| % (77 & (271 % (226)|% (153 % (158} & (370}
2021-2040 (3M)| & - 5 (1,063)1 % (970} & (1,410) & (1,289)] % (1,112)| % (1,185)| & (1,389)
2021-2055 (5M)| & - 5 (1,561 % (1,200) $ (1,770)| § (1,755)] % (1,399)| $ (1,487} % (1,657)
Infrastructure Investment Potential ($M)
Generation 2021-2030 (§M)| § 4282 |§ 6223 |§ 5814 |F 5519 | % 5650 (% 4847 |5 5378 | % 5360
Transmission 2021-2030 (M) § 1667 (% 1667 |§ 1667 |§ 1667 |% 1667 (% 1667 |% 1667 |% 1667
Phase Il 2030 Resource Need (MW) (1,747)| (2752) (2,252} (1,747) (2247 (1,747) (1,747) {1,747)
Resource Additions 2021-2030 (Nameplate MW)
Wind 1,650 2,350 2,300 2,300 2,300 1,850 2,300 2,350
Utility-Scale Solar 1,150 1,550 1,550 1,500 1,550 1,250 1,550 1,550
Distributed Solar 1,158 1,158 1,158 1,158 1,158 1,158 1,158 1,158
Storage 400 450 400 450 400 400 400 400
Firm Dispatchable 1,276 2352 1,960 1,568 1,764 1,505 1,276 1,233

2030 CO2 % Reduction: The percent CO2 emission reduction in 2030 compared to year
2005 adjusted baseline level of 27.3 million short tons (“MST”) for each portfolio.

CO> Reduction Efficiency ($/ton): This measures the CO:2 reduction efficiency of a CEP

portfolio relative to its respective ERP Portfolio with units of $/ton.
utility cost divided by the additional CO2 removed of the CEP portfolio relative to its
respective ERP portfolio, from 2021-2030 on a net present value basis.
consider incremental costs and associated carbon reductions for years 2031-2055.

It is the additional

It does not
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PVRR Utility Cost 2021-2055 ($M): The net present value of the cost the utility will incur
for implementing the portfolio from 2021-2055. It does not include the net present value
of the total cost of carbon dioxide emissions of that portfolio.

PVRR Utility Cost Delta vs. SCC 1: The difference in the present value of the utility cost
for implementing the portfolio compared to the ERP portfolio. The PVRR are presented
for three different timeframes within the planning period: 2021-2030, 2021-2040, and
2021-2055. It does not include the difference in net present value of the total cost of
carbon dioxide emissions of that portfolio.

Average Annual Rate Impact: The estimated average annual increase in total customer
rates of each portfolio. The average customer rate impacts are presented in three
timeframes: 2024-2030, 2024-2040, and 2024-2055. It does not include the calculation
of the annual CO2 emission costs, calculated by multiplying the annual CO2 emissions
by the SCC. 2024 was chosen as the start year to measure the rate impacts associated
with clean energy actions of this ERP. The change from 2024 to 2025 is the first year of
average annual rate impact.

NPV CO» 2021-2055 ($M): The net present value of the total cost of carbon dioxide
emissions of each portfolio from 2021-2055, calculated by multiplying the annual CO:2
emissions by the SCC.

PVRR Utility Cost + NPV _CO» 2021-2055 ($M): The net present value of the cost the
utility will incur for implementing the portfolio plus the net present value of the total cost
of carbon dioxide emissions of that portfolio.

PVRR Utility Cost + NPV CO» Delta vs. SCC 1: The difference in the net present value
of the utility cost for implementing the portfolio plus the carbon emissions of the portfolio
compared to the ERP portfolio. The PVRRs are presented for three different
timeframes within the planning period: 2021-2030, 2021-2040, and 2021-2055.

Infrastructure Investment Potential ($M): The estimated capital investment potential
associated with the generic generation resource additions and new transmission
facilities for each portfolio between 2021 and 2030. The investments are total without
any consideration of the owner of the assets.

Phase Il Resource Need (MW): The forecasted capacity need of each portfolio by
2030. The capacity need varies by portfolio depending on the Pawnee and Comanche
3 actions. The capacity need will be updated prior to the Phase Il process.

Resource Additions 2021-2030 (Nameplate MW):

e Wind: The nameplate amount of generic wind generation resources added in
each portfolio.
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e Utility-scale Solar: The nameplate amount of generic utility-scale solar
generation resources added in each portfolio.

e Distributed Solar: The nameplate amount of generic distributed solar
generation resources added in each portfolio. The amount is the same in all
portfolios except for the Low Sales sensitivity discussed later in this section.

e Storage: The nameplate amount of generic 4-hour duration utility-scale
storage resources added in each portfolio.

e Firm Dispatchable: The nameplate amount of generic firm-fueled
dispatchable generation.

SCC Optimized Portfolios and SCC 8760-dispatch Analysis Results

Table 2.13-3 includes the same portfolios presented above in Table 2.13-2 with a
different assumption for the 8760-dispatch. Unlike Table 2.13-2, Table 2.13-3 includes
SCC in the 8760-dispatch decisions. These SCC optimized portfolios use the SCC in
Step 1 and in Step 2. Since the portfolios in Table 2.13-3 have the same combinations
of coal actions and generic resource additions as those in Table 2.13-2, the portfolio
names are the same except for the addition of the suffix “A” to denote that they have an
alternative 8760-dispatch and therefore a different fuel burn due to dispatch than those
portfolios without the “A” suffix. Portfolio SCC 1A is the ERP portfolio, and portfolio
SCC 7A is the Company’'s preferred CEP with this alternative system dispatch
representation. The practical effect of including SCC in the 8760-dispatch decision is
EnCompass will dispatch coal-fired resources last in a peaking role. In general, absent
any future regulatory action, the Company generally considers the 8760-dispatch
without the SCC in the dispatch decision as more reflective of current expectations and
more realistic in modeling the real-life system dispatch decisions faced by system
operators.
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Table 2.13-3 ERP and CEP Portfolios Optimized Using Social Cost of Carbon
(SCCincluded in 8760-dispatch)

SCC Optimized Portfolios pr.;f;rmd
SCC 8760-dispatch .
50% ownership v

Portfolio]| SCC1A | SCC2A | SCC3A | SCC4A | SCCHBA | SCCBA | SCCTA | SCCBA

CEP
Resource Need: ERP CEP CEP CEP CEP CEP Preferred CEP

Convert Convert Convert Convert Convert
Nat Gas Nat Gas Nat Gas Mat Gas Hat Gas
EOY 2027 | EOY 2027 | EOY 2027 | EOY 2027 | EOY 2024

P Action: Retire Retire Retire
awnee ACUON:) ey 5041 | EOY 2028 | EOY 2028

Comanche 3 Action:| _ e Retire Eanf:tzirnﬂ 39 r:: gtn;:: Fatire Ratire EUF\{:tzirue:sa EoFfr;H:izrne 39
"| EO 2089 | EOY 2028 | Ops | EOY 2027 EOY 2029 | EOY 2039 | Ops | RedOps
2030 CO2 % Reduction T6% -90% -88% -88% -80% B82% -88% -88%
C02 Reduction Efficiency ($iton) - 5 59 | % 63| % 41| 8 46 | § 49| % 49 | § 37
PVRR Utility Cost 2021-2055 (M) $39,336 | 39,969 | 39891 | $39752 | $39831 | $39600 | $39760 | % 39882
PVRR Utility Cost Delta vs. SCC 1A
2021-2030 ($M)| $ = 5 243 (% 177 |§ 244 |F 230|F 151 (% 184 (% 257
2021-2040 (3M}| & - 5 B8B28 |35 572|% 491 |% GBHE|F 246 (% 422 3% 510
2021-2055 (3M}| & - 5 633|% 555 (% 416|F 495|F 264 (% 4243 546
Average Annual Rate Impact
2024-2030 (%) 20% 29% 2 6% 2 6% 27% 2.3% 2 5% 2.4%
2024-2040 (%) 1.4% 1.5% 1.6% 1.4% 1.4% 1.5% 1.5% 1.5%
2024-2085 (%) 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6%
NPV CO2 2021-2055 ($M) $ 6987 |% 5152 |% 5357 |6 5184 | % 5128 | % 5750 (% 5328 |% 5132
PVRR Utility Cost + NPV CO2 2021-2055 ($M) 546,323 | 545121 | 545249 | 544936 | $44959 | 45350 | $45088 | $ 45014

PVRR Utility Cost + NPV CO2 Delta vs. SCC 1A
2021-2030 (3M)| & - 5 (36)| & (14 5 (145 % (107) & (52)| $ (67) {180}

2021-2040 (3M)| & -  (F18)| % (7E8)| 5 (1041} & (9141 % (FOUY F (947} & (1,055)

2021-2055 (3M)| & - 5 (1,202)] % (1,074} $ (1,387} B (1.364)]% (873} 5 (1,235)| § (1,309)

Infrastructure Investment Potential ($M)
Generation 2021-2030 (§M)| § 4282 |§ 6223 |§ 5814 | 5519 | % 5650 (% 4847 |% 5378 |5 5360

Transmission 2021-2030 ($M)| & 1667 | 1667 |§ 1667 |§ 1667 (% 1667 |% 1667 |% 1667 (% 1667

Phase Il 2030 Resource Need [MW) (1,747) (2,752) (2,252) (1,747) (2,247) (1,747) (1,747) [1,747)
Resource Additions 2021-2030 {(Nameplate MW)

Wind 1,650 2,350 2,300 2,300 2,300 1,850 2,300 2,350

Utility-Scale Solar 1,150 1,550 1,550 1,500 1,550 1,250 1,550 1,550
Distributed Solar 1,158 1,158 1,158 1,158 1,158 1,158 1,158 1,158
Storage 400 450 400 450 400 400 400 400

Firm Dispatchable 1,276 2,352 1,960 1,568 1,764 1,505 1,276 1,233

$0/ton Optimized Portfolios and $0/ton 8760-dispatch Analysis Results

Presented in Table 2.13-4 are key attributes of 8 portfolios developed within the
EnCompass model assuming $0/ton cost of CO2 emissions for both Step 1 and Step 2.
By using annual CO:2 emission caps, EnCompass is able to solve for 80% CO2
reduction without the optimization impact of SCC. $0/ton portfolios can be summarized
as using $0/ton for Step 1 and for Step 2 and exclusively using CO2 annual emission
caps to build CEP portfolios. The combined coal actions are the same as the SCC
optimized portfolios, but the amounts of generic renewable and storage resource
additions are less and the generic firm dispatchable resource additions are more
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because the model does not include the savings of avoided CO2 emissions using SCC
in Step 1.

Table 2.13-4 ERP and CEP Portfolios Optimized Using $0/ton cost of CO2
($0/ton included in 8760-dispatch)

$0/ton Optimized Portfolios

$0/ton 8760-dispatch
50% ownership

Portfolio| $0fton 1 | $0fton2 | $0fon3 | $0fon4 | $0fon5 | $0fon6 | S0fon7 | S0fon 8

Resource Need: ERP CEP CEP CEP CEP CEP CEP CEP
Retire Retire Retire Convert Convert Convert Convert Convert
Pawnee Action: Mat Gas Mat Gas Mat Gas Nat Gas Mat Gas
EOY 2041 | EOY 2028 | BOY 2028 | ey 2027 | EO'Y 2027 | EOY 2027 | EOY 2027 | EOY 2024
. . Retire Convert . . Retire Retire
] Retire: Retire Retire Retire
Comanche 3 Action: EOY 2039 | MatGas EOY 2038 | EOY 2039
EOY 2069 | EOY 2029 Red Ops | EOY 2027 ECY 2029 | EOY 2038 Red Ops Red Ops
2030 CO2 % Reduction -63% -81% -81% -81% -81% -81% -81% -81%,
C02 Reduction Efficiency ($/ton) = 5 9|5 36 (5 24 | B 28 (% 29 (% 28 (% 23
PVRR Utility Cost 2021-2055 ($M) $38280 | 538875 | 538898 | $38,692 | $38,791 (538,913 | $38,752 | § 38898

PVRR Utility Cost Delta vs. $0/ton 1
2021-2030 (8M)| & - § 221|% 153 |% 1895 193§ 163 (& 160 (% 2438
2021-2040 (8M)| & - 5 808 |5 647 497 649 605 510 | & 613
2021-2055 (§M)| & - $ 595|% B17|% M2(5 511§ 633§ 472 |5 617

£
£
£
L)

Average Annual Rate Impact

2024-2030 (%) 1.8% 27% 23% 2.2% 2.5% 2.4% 21% 2.1%
2024-2040 (%) 15% 1.4% 15% 1.4% 1.4% 1.6% 1.4% 15%
2024-2055 (%) 17% 16% 16% 1.6% 1.6% 1.6% 1.6% 1.6%
NPV CO2 2021-2055 ($M) $ 9107 |5 7,051 |% 7,141 |5 6,924 |5 6,971 |5 7,027 |5 7.046 |5 6,758
PVRR Utility Cost + NPV CO2 2021-2055 ($M) $ 47387 | $45026 | 546,039 | 545,616 | 545762 | 545,940 | 545798 | § 45656
PVRR Utility Cost + NPV CO2 Delta vs. $0/ton 1
2021-2030 ($M)[ 3 - |8 (157)[ & (123)| & (330)| 5 (266)| 3 (210} § (222)|§  (422)
2021-2040 ($M)| B - [B (@74)| § (1,044)| § (1.421)| § (1,212)| $ (1,182)| B (1.277)| B (1,462)
2021-2055 ($M)| B - | B (1461) 8 (1,348)| & (1,771)| $ (1,625)| $ (1,447)| 5 (1,589)| 5 (1,731)

Infrastructure Investment Potential ($M)
Generation 2021-2030(3M)| & 2528 | § 4226 |§ 3942 | 5% 3301 |§ 3540 | % 4186 |5 3495 |5% 3558

Transmission 2021-2030 ($M)| $ 1667 | % 1667V | % 1667 | 1667 |% 1667 |% 1667 |% 1667 |% 1667

Phase Il 2030 Resource Need (MW) (1,747) (2,752) (2,252) (1,747) [2,247) (1,747) (1,747) (1,747)
Resource Additions 2021-2030 (Nameplate MW)

Wind 1,000 1,000 1,150 1,000 1,000 1,700 1,150 1,150

Utility-Scale Solar 100 550 1,050 850 G00 1,150 1,050 1,050
Distributed Solar 1,158 1,158 1,158 1,158 1,158 1,158 1,158 1,158
Storage 50 50 50 50 50 - 50 100

Firm Dispatchable 1,764 3,269 2,352 1,960 2,548 1,764 1,764 1,764

Portfolio Analysis Discussion

As indicated in Table 2.13-2, all CEP portfolios optimized with SCC exceed the 80%
CO:z2 reduction requirement by 1% to 8%, which is the equivalent of approximately 0.25
million short tons (*MST”) to 2 MST of COg, in 2030. The ERP portfolio achieves 69%
COz2 reduction by adding 2,800 MW of renewables coupled with the retirements of the
Craig 2 and Hayden 1 & 2 units. The CEP portfolios achieve the greater CO:2

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 257 oF 258



reductions by combining the paired Pawnee and Comanche 3 actions with additional
renewables from as little as 300 MW incremental compared to the ERP portfolio in SCC
6 to 1,100 MW incremental renewables in SCC 2 and SCC 8. The SCC optimized
portfolios in general can be characterized by higher renewable additions, higher CO:2
reductions, and less dependence on firm dispatchable resources achieved in part
through the more storage resource additions and higher renewable additions. The
Company’s Preferred CEP is represented by portfolio SCC 7 which adds 2,300 MW of
wind, 1,550 MW utility-scale solar, 400 MW of utility-scale storage, and 1,276 MW of
firm dispatchable generic resources and has a projected CO2 reduction of 84% by 2030.
While adding nearly the most incremental renewables of all the CEP portfolios, it adds
no more firm dispatchable resources than the ERP portfolio. It accomplishes this by
preserving the firm dispatchable capacity of Pawnee and Comanche 3 through 2030.
The preferred CEP portfolio exceeds the CO:2 reduction requirement by 4%, or by over 1
MST. This makes the Preferred CEP within 2%, or approximately 0.5 MST, of all the
CEP portfolios which do not early retire Pawnee or Comanche 3.

CEP portfolios SCC 6, SCC 7, and SCC 8 all convert Pawnee to a natural gas-fired unit
and have the same retirement date of Comanche 3. They vary in the assumed
conversion date of Pawnee to natural gas and the operation of Comanche 3 with
varying outcomes on costs and CO2 emissions. The Company’s Preferred CEP, which
converts Pawnee to gas EOY 2027 and retires Comanche 3 EOY 2039 with reduced
operations starting 2030, does not achieve the highest CO2 reductions nor does it have
the least cost impact. However, SCC 6 which has the least cost impact only achieves
81% CO2 reduction, and SCC 8 achieves slightly more CO:2 reduction but at the
expense of a larger cost impact. Part of what differentiates these portfolios is the
amount of generation supplied by coal. The less the coal generation across these plans
the higher the CO:2 reductions and the greater the cost impacts. Of these 3 CEP
portfolios, SCC 8 has the least coal generation, highest cost impact, and the highest
CO2 reductions, and SCC 6 has the most coal generation, least cost impact, and the
least CO2 reductions. SCC 7 strikes a balance between coal generation, cost impact,
and CO:2 reductions as compared to SCC 6 and SCC 8.

The remaining CEP portfolios, SCC 2 through SCC 4, differ from SCC 7 by retiring
either Pawnee or Comanche 3 by 2030 or converting both units to natural gas in the
case of SCC 4. The CEP portfolios which retire either Pawnee or Comanche 3 require
firm dispatchable resources in greater amounts than in the Company’s Preferred CEP in
order to replace the retired firm dispatchable capacity. SCC 3 portfolio has similar cost
impact and CO2 achievement through 2030 as SCC 7, but it has greater cost impact
after 2030 than SCC 7. SCC 7 minimizes the requirement of new firm-fueled
dispatchable resources which lowers its cost impact through 2030 and after.

The $0/ton Optimized Portfolios in general add fewer renewables and storage, more
firm-dispatchable resources, and achieve less CO:2 reductions as compared to the SCC
Optimized Portfolios. The ERP portfolio, $0/ton 1, adds 1,100 MW of renewables and
50 MW of storage and achieves 63% CO2 reduction by 2030. This is near the minimum

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 258 oF 259



CO2 reduction for this portfolio since the emissions cap for this portfolio is 60% in 2030.
All of the CEP portfolios add 1,550 MW to 2,850 MW more utility-scale renewables, or
between 450 MW to 1,750 MW more than $0/ton 1. These additional renewables, plus
the same coal actions as presented in the SCC Optimized Portfolios, achieve nearly
identical 81% CO:2 reductions across all CEP portfolios. These similar COz reductions
are caused by the emission cap of 80%, which EnCompass used to find the required
renewable additions to achieve the 80% reduction target. The SCC Optimized
Portfolios on average add 1,700 MW more renewables and 400 MW more storage than
the $0/ton Optimized Portfolios.

$0/ton 7 which has the same coal actions as SCC 7, but 1,650 MW less renewables
and 350 MW less storage, has cost savings compared to other $0/ton CEP portfolios.
This demonstrates that the Company's preferred coal actions for Pawnee and
Comanche 3 have customer benefits across varying renewable and storage levels.

The CO2 Reduction Efficiency presented in the above tables is a useful metric to
compare the CEP portfolios, with lower $/ton values being better in that they indicate
higher carbon reductions for each incremental dollar spent compared to its respective
ERP portfolio. This metric captures the time value of costs and CO2 reductions through
2030 on a net present value basis to compare the clean energy actions of the portfolios.
The CO:2 Reduction Efficiency is the ratio of the delta utility cost to the delta carbon
reduction of a CEP portfolio relative to its respective ERP portfolio on a net present
value basis through 2030. Since its variables are dependent on the delta of a CEP
portfolio relative to an ERP portfolio, the CO2 Reduction Efficiency of a CEP portfolio for
a given set of assumptions is not comparable to the CO2 Reduction Efficiency of a CEP
portfolio for a different set of assumptions. ERP portfolios with different sets of
assumptions may have significantly different costs and carbon reductions making any
comparisons of the CO2 Reduction Efficiency across assumptions not instructive
comparisons.

In the SCC Optimized Portfolios, with the higher CO2 reduction achievements, the
portfolio which reduced coal generation the most through 2030, SCC 8, has the lowest
CO:2 Reduction Efficiency at $28/ton. This plan achieves the most CO:2 reductions
through 2030 by converting Pawnee to natural gas EOY 2024, which is the earliest coal
action across all portfolios. As a result of using the present value of CO2 reductions,
SCC 8 shows a higher reduction efficiency than other CEP portfolios even though some
of those other portfolios result in overall higher carbon emission reductions by 2030.
Most of the SCC CEP portfolios are in the $30/ton range with only a few in the $40/ton
range caused by the early retirements of either or both of Pawnee and Comanche 3.
This demonstrates that the retirements of Pawnee or Comanche 3 may not be the most
cost-efficient CO2 reduction actions available in the modeling.

The $0/ton CEP portfolios have CO2 Reduction Efficiencies in the $20/ton range except
for a few plans which retire either or both of Pawnee and Comanche 3. The $0/ton CEP
portfolios have lower cost CO2 Reduction Efficiencies than the SCC CEP portfolios
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because in general they do not achieve as high of CO2 reductions as the SCC CEP
portfolios. The higher renewable additions of the SCC CEP portfolios reflect a degree
of diminishing return in achieving the higher CO2 reductions.

The CEP portfolios in general save about $2.0 billion in net present value of CO:2
emissions as compared to the ERP portfolios as measured by the SCC. This is the CO2
savings associated with achieving and in some portfolios exceeding the 80% CO:2
reduction target by 2030 and continued CO2 savings through 2040 until the later year
CO:2 emission caps that were modeled, begin to force both the ERP and CEP portfolios
to achieve 100% CO:2 reduction by 2050.

The costs associated with the proposed Pathway Project were included in all ERP and
CEP portfolios. The expansion plans were initially optimized using incremental
transmission costs for each generic resource, but these costs were removed and
replaced by the revenue requirements of the Pathway Project for the first 5,000 MW of
incremental generic renewable resources in each portfolio under the assumption that
the proposed Pathway Project would supply the needed transmission infrastructure for
these resources.

Sensitivity Analysis Description

In addition to evaluation of ERP and CEP portfolios under base assumptions, ERP and
CEP portfolios were further analyzed through sensitivity analyses that involved
changing a single key input assumption and assessing how that change impacts either
each ERP and CEP portfolio’'s cost (i.e., repricing sensitivity) or the cost and
composition of resources in the portfolios (i.e., reoptimized sensitivity). The difference
between the two types is whether the capacity expansion plan is re-optimized or not.
Some sensitivities (such as change in fuel prices), do not require that a new optimized
expansion plan be developed in order to assess the impact of the changed assumption.
These types of sensitivities are referred to as repricing sensitivities. For certain
sensitivities (such as load changes), it is necessary to create a new expansion plan.
These types of sensitivities are referred to as reoptimized sensitivities. Regardless of
the type, for simplicity, all of these alternative analyses are termed sensitivities. The
primary purpose of these sensitivities is to test the robustness of the Company’s
selection of SCC 7 as our preferred plan under different futures.

Repricing sensitivities: In a repricing sensitivity analysis the cost to operate the
optimized portfolio of generation resources over the planning period is assessed under
a different future assumption for one key model input variable. In these analyses the
model is not allowed to change the mix or timing of generic resources that were added
under the Base Case optimization but is allowed to change how the generic and existing
resources in the portfolio are dispatched to meet load. Repricing sensitivities were
performed on portfolios under the following assumptions:

e High Gas Prices: Increase natural gas prices by using twice the annual year-

over-year growth rate of the base gas price forecast
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e Low Gas Prices: Reduce natural gas prices by using one-half the annual
year-over-year growth rate of the base gas price forecast

High and Low Gas Price sensitivities were performed for all ERP and CEP portfolios for
both SCC and $0/ton optimized portfolios.

Reoptimized sensitivities: In a reoptimized sensitivity analysis each ERP or CEP
portfolio is reoptimized over the planning period under a different future assumption for
one key model input variable. In a reoptimized sensitivity analysis the model is given
the flexibility to select a different mix of generic resources from those which were
selected in the optimization performed using base assumptions. Reoptimized
sensitivities were performed on portfolios under the following assumptions:

e High Load: Increased electrification consistent with the Greenhouse Gas
Emission Reduction Roadmap developed by State of Colorado agencies

e Low Sales: Higher adoption of distributed energy resources and slower
growth in load not associated with electrification

e Sunk Transmission Upgrade Cost: Assumes transmission network upgrade
costs are sunk. The costs of all generic resource additions do not include any
costs for network transmission

e No New Gas Resources: Assumes no new gas-fired generation is added to
the system

e Lower Hydrogen Costs: The base assumption of $20/mmBtu was lowered to
$10/mmBtu for the period hydrogen becomes integrated into the system
(2041-2050)

e Expanded Market Access: Increase MW import and export capacity within
the modeling by doubling the base assumption for tie limit interchange with
the two economy markets. No specific transmission-related costs for this
expansion were included in the modeling.

High Load and Low Sales sensitivities were performed for all ERP and CEP portfolios
for both SCC and $0/ton results. Sunk Transmission Upgrade Cost, No New Gas
Resources, Lower Hydrogen Costs, and Expanded Market Access sensitivities were
performed for SCC 1, 2, 4, and 7 for only the SCC results to reduce the modeling
requirements for the Phase I filing.
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SCC Optimized Portfolios Sensitivity Results

Table 2.13-5 ERP and CEP Portfolios Repriced Using High Gas Prices

50% ownership

SCC Optimized Portfolios
$0/ton 8760-dispatch

Preferred
Plan

v

Portfolio] SCC 1 SCC2 SCC3 SCC 4 SCChH SCC6 SCCT SCC8
Resource Need: ERP CEP CEP CEP CEP CEP cEn CEP
Preferred
i Retira Retira Retirs Convert Convert Convert Convert Convert
Pawnes Action? Eovzu | eovauz | eov zuzs Eov a7 | covamr | tovansr | Eovoosr | Eov o
- Retire Retire Ratira Convert Retire Retire Ratira Ratire
Comanche 3 Action:| £ o0c0 | £ov 2020 EFS;; éupass E%a\t, CE;SZSI EOY 2029 | EOY 2039 EFSEE é”;f EFSEE éussa
2030 CO2 % Reduction -69% -88% -85% -86% -88% -81% -84% -84%
CO2 Reduction Efficiency ($/ton) - $ 4908 50 (8% 37 [8 39 (8 388 408 3
PVRR Utility Cost 2021-2055 ($M) $ 39440 (9% 40326|$ 40127 S 40180 (S 40215|$ 399445 40024 |$ 40178
PVRR Utility Cost Delta vs. SCC 1
2021-2030 ($M)| $ = $ 290 | § 202 ($ 316 | $ 290 | $ 191 | § 222 | § 329
2021-2040 (3M)| $ - $ 10573 680 | $ 778 | 8 912 | § 463 | § 558 | § 678
3 2021-2055 ($M)| $ = $ 887 | % 687 [$ 740 | $ 75| $ 505 | § 584§ 738
= E Average Annual Rate Impact
%0 o 2024-2030 (%) 22% 3.2% 29% 29% 3.0% 26% 27% 26%
T B4 2024-2040 (%) 1.7% 1.7% 1.8% 1.7% 1.6% 1.8% 1.7% 1.7%
0 2024-2055 (%) 1.7% 1.7% 1.7% 1.7% 1.7% 1.7% 1.7% 1.6%
NPV CO2 2021-2055 ($M) $ 8660 |8 6319|858 6742|% 6315|F 6256|% 6828 § 6668 |% 6352
PVRR Utility Cost + NPV CO2 2021-2055 ($M) $ 48099 |$ 46645|$ 46869 (S 46495 (S 46471 S 46773|S 46691 |$ 46530
PVRR Utility Cost + NPV CO2 Delta vs. SCC 1
2021-2030 ($M)| $ - |s (1098 89)| s  (244) s (208) § (144)| $  (146)| & (347)
2021-2040 (3M)| & - $ (968)| 8 (922)) § (1.288)| & (1,178)| % (1,082) & (1,118)|§ (1,313)
2021-2055 ($M)] § - |5 (4sa)s (2308 (1604)| S (1628)[S  (1.327)|S (1,408)|$ (1,570)
) 2030 CO2 % Reduction 0% 0% 0% 0% 0% 0% 0% 0%
© . |CO2Reduction Efficiency ($iton) - |8 HE 218 4[8 38 2|5 38 2
@ g PVRR Utility Cost 2021-2055 ($M) $ 626 | $ 74418 698 [ $ 806 | $ 65| S 71148 718§ 725
g g_ Average Annual Rate Impact
o= £ 2024-2030 (%) 0.1% 0.1% 0.1% 0.2% 0.1% 0.1% 0.1% 0.1%
ﬂnJo 2 2024-2040 (%) 0.1% 0.1% 0.1% 0.2% 0.1% 0.1% 0.1% 0.1%)
g 2 2024-2055 (%) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%]
= NPV CO2 2021-2055 ($M) $ 348 238 238 20| 8 238 198 22§ 23
U PVRR Utility Cost + NPV CO2 2021-2055 ($M) 8 6618 768 | § 72118 826 |8 787 % 7338 740 | § 748
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Table 2.13-6 ERP and CEP Portfolios Repriced Using Low Gas Prices

SCC Optimized Portfolios Preferred
$0/ton 8760-dispatch Plan
50% ownership V
Portfolio| SCC 1 5CC2 SCC3 SCC4 SCC5 SCCH sScc7 S5CC8
Resource Need: ERP CEP CEP CEP CEP CEP CEP CEP
Preferred
Pawnee Action| e | Rewe | Rere | (WL | G S| aGas | aroa
H al as El as el as El 35 el as
B EOY 2028 EOY 2028 EQY 2027 EQY 2027 EQY 2027 EOY 2027 EQOY 2024
. Retire Retire Retire Comert Retire Retire Retire Retira
Comanche 3 Action:| co o060 | £ov 2029 EFE?; éff E'éaf(gg;r EOY 2029 | EOY 2039 EFE;\; éff EF?;; é”;f
2030 CO2 % Reduction -710% -88% -85% -86% -88% -81% -84% -85%
CO2 Reduction Efficiency ($/ton) - $ 448 4718 318 348 348 36(§ 27
PVRR Utility Cost 2021-2055 ($M) $ 38351 |% 30026|% 38912|$ 38760 |S 38878|S 38699 |$ 38772[% 391
PVRR Utility Cost Delta vs. SCC 1
2021-2030 (SM)| $ = $ 256 | & 183 (8 256 | § 245 | § 165 | § 193 [ 8 278
2021-2040 (3M)| $ - $ 867 | 8 574 |8 497 [ 8 685 |8 327 | 8 416 | 8 520
8 2021-2055 (M) § - $ 6755 560 | $ 478 527 | & 348 | 8 4208 559
= g Average Annual Rate Impact
9 o 2024-2030 (%) 21% 3.0% 2.7% 26% 2.8% 23% 2.5% 2.4%
a 2024-2040 (%) 1.4% 1.4% 1.5% 1.4% 1.4% 1.5% 1.4% 1.5%
] 2024-2055 (%) 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6%
NPV CO2 2021-2055 ($M) $ 8551|S 6263|$ 6686|3 6269 6204|$ 6783|$ 6615|% 6304
PVRR Utility Cost + NPV CO2 2021-2055 ($M) $ 46902 |$ 45200 |§ 45597 |S 45038 |§ 45082 |§ 45482 |§ 45387 [§ 45214
PVRR Utility Cost + NPV CO2 Delta vs. SCC 1
2021-2030 (SM)| $ - $ (131)| & (77)| 8 (288)| § (235)| & (154)| & (161)| & (379)
2021-2040 ($M)| $ - |s (078 (@77)| S (1490)| S (1,348)[ $ (1,126)| S (1,208)|$  (1,412)
2021-2055 ($M)| § - |s (e13)[s (13085 (1864)|$ (1820)S (1420)[$ (1.516)| § (1,688)
@ 2030 CO2 % Reduction 0% 0% 0% 0% 0% 0% 0% 0%
g » |€92 Reduction Efficiency ($/ten) $ - 5 2)[ 8 (1] s 3)| s (2)[ 8 (1 s (1 s 2)
@ g PVRR Utility Cost 2021-2055 ($M) $ (462)| § (555)| 8 (518)| 8 (B04)] § (572)] 8 (531)] 8 (534)] 8 (542)
g g_ Average Annual Rate Impact
. 2024-2030 (%) -0.1% -0.1% -0.1% -0.1% -0.1% -0.1% -0.1% -0.1%)
gJD a 2024-2040 (%) -0.1% -0.1% -0.1% -0.1% -0.1% -0.1% -0.1% -0.1%
c 3 2024-2055 (%) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%)
2 NPV CO2 2021-2055 ($M) $ (74) § (32)[ 8 (3] 8 (26) 8 (30)[ 8 (26) 8 (30)[ 8 (25)
et PVRR Utility Cost + NPV CO2 2021-2055 ($M) $ (536)| § (588)] 8 (851)] 8 (531) § (602)] 8 (857)| 8 (565)| 8 (567)
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Table 2.13-7 ERP and CEP Portfolios Reoptimized with High Load

SCC Optimized Portfelios
$0/ton 8760-dispatch

Preferred
Plan

S8 awnershg \//
Portfolio| 3SCCH SCC2 SCC 32 SCC4 SCCH SCCE SCCT SCCa
Resource Need: ERFP CEF CEP CEF CEP CEP CER CEF
Preferred
Pawnes Action Fratire Fratire Fratire Eonvﬁtrt Eon\:rt Eonvﬁtrt Eon\:rt Eon\:rt
= at Gaz at Gaz at Gaz ak Gaz ak Gas
EO'T 2041 BOV 2028 EQV 2028 EOQv 2027 | EQV 2027 | EOY 2027 | EOY 2027 | EOY 2024
n . Rietire Converk . . Rietire Rictire
Comanche 3 Action:| _ R Retis | pova0ss | Margas Fatire Ratie | eovzo3s | Eov 2039
EQY 2063 EQY 2023 Fred O EOT 2027 EQY 2023 | EOQY 2033 Fied Ops Fied Ops
2030 CO2 > Reduction -69% -B7 -4 -85% -B7 -1 -G -83
CO02 Reduction Efficiency [$fton) - ¥ 0] ¢ 2] % 2] ¢ 2% R 2B % 20
PYRR Utility Cost 2021-2055 [$M) d 43690 | & 443580 | & 44320 | & 44068 | § 44328 | 44089 | F 44182 | 3 44189
P¥RR Utility Cost Delta ws. SCC 1
2021-2030 (30| $ ¥ 224 | % 153 | B % 233 % 96 | 128 | # 202
2021-2040 [£M)| & ¥ 246 | % B4 | & 3B TR4 | £ 426 ¢ 47D | % 422
2021-2055 [$M)] § ¥ g30 | # B30 (& 3IrE|$ B38| ¢ 470|492 | % 500
Average Annual Rate Impaet
2024-2030 () 17 25K 21% 2.0 2 18% 20 148%
2024-2040 ) 085 0.9% 105 0.9 [F: 1.0% 0.4 0.9%
2024-2055 ) 145 134 13% 14 13% 134 145 1.3%
NPY¥ CO2 2021-2055 [$M]) $ 8783 |4% 6EEE|& V020 | % EVG|% E593|f TO004 | F E919|F GEAS
— 7= | P¥RR Utility Cost « NPY CO2 2021-2055 [$M) $ B2ATE ¢ BB [ Bla40 | f BOTE4 | 4 BOSAM (¢ DL | & BLI01) § BO34E
= g PY¥RR Utility Cost « NPY CO2 Delta vs. SCC 1
T 4 2021-2020 [£M)) & ¥ (50| & [38]] & (3BT +  [242) £ (223 & [2M)) % [423]
2021-2040 (30| £ ¥ 003 # (232 £ (424 + (72 £ (07 ¢ (N9 £ (1437
2021-2065 [$M)| $ (428 & (L3 & [1628)| £ (551 & (1309) £ (1372 £ [1E24)
Infrastructure Investment Potential [$M]
Generation 2021-2030 ($M1)| ¢ 5BE0S8 | ¢  T261| 4§ 6703 | ¢ G049 | F E749 | % 6ES8 | & 6318 | % E,101
Transmission 2021-2030 (M) ¢ 1867 [ § 166V [§ 1BEY | & 1BET | % BBV | § 1EET [ 1EEF | % 1EET
Phase Il 2030 Resource Need [MW]) [2.009) [3.014) [2.514) [2,009) [2.509) [2,009) [2,009) [2.009)
Resource Additions 2021-2030 [Mameplate MY)
wind 2,350 2,850 2,880 2,750 2,800 2,600 2,800 2,780
Utility-Seale Solar 1,250 1700 1750 1680 1,750 1500 1,750 1700
Distributed Solar 1152 1152 1152 1,158 1,158 1158 1,152 1,152
Storage 450 500 500 §00 500 450 600 500
Firm Dispatihable 1,625 2,289 1960 1372 1,960 1372 1372 1372
2030 CO2 > Reduction 0 1% 1= 12 1= 0 1 1
CO02 Reduction Efficiency [$fton] - F [B]] % [B]| % (13]] % (3] % [6)| % (12| # (2]
g PYRR Utility Cost 2021-2055 [$M)] $ 487E | & 4793 |4  4890 | % 46954 4870 |4 4929 F 48FE|F 4TI
o Average Annual Rate Impact
'-'EL 2024-2030 3] 0.4 065 06 0.8 Rk 0.5 -062 0B
= 2024-2040 ) 07 07 0.7 0.7 06 065 0.7 -0.7%
a 2024-2055 ) 0,34 0.3 0.3 0.3 0.3 0.3 0.3 -0.3%
w NPY¥ CO2 2021-2055 [$M] % 157 | & el % 0% 420 % 360 | % 14 273 | % 230
E PYRR Utility Cost « NPY CO2 2021- 2055 ($M) $ BO03X) ¢ BATO[¢ B2 4 BG4 B2V (¢ B2 ¢ BMI |4 BOEY
g Infrastructure Investment Potential [$M]
o Generation 2021-2030 ($M1)| $ 1227 | ¢ 1028 | § 489 | & B30 % 1099 | & 4| % 939 | ¢ T40
£ Transmission 2021-20300¢M)| % - |¢ - |¢ - % - (¢ - |% - |¢ - | -
E Phase Il 2030 Resource Need [MW] [2B2] [2BZ] [2E2) [2EZ] [2EE] [2BZ] [2EE] |
@ Resource Additions 2021-2030 [Nameplate MY)
P:D wind o0 500 G50 450 EO0 TH0 E00 400
E Utility-Scale Solar 200 150 200 150 200 250 200 150
[ Distributed Solar - - - - - - - -
Storage &0 0 100 0 100 0 100 100
Firm Dispatchable 349 a7 [136] 136 [133] 96 139
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Table 2.13-8 ERP and CEP Portfolios Reoptimized with Low Sales
SCC Optimized Portfolios Pﬁﬂ"’-’"
$0/ton B760-dispatch o
S awnershi N
Portfolio| SCC1 SCC2 SCC3 SCC4 SCCH SCCE SCCT SCC#
Resource Need: ERP CEF CEF CEF CEP CEP CER CEF
Preferred
Pawnee Action Fratire Fetire Fetire Eonvﬁcrt Eonvﬁcrt Eonthrt Eonthrt Eonthrt
2 b Gaz ak Gaz at Gasz at Gasz ak Gaz
EQT 2041 B0 2028 EO 2028 EQ 2027 | EOY 2027 | EQY 2027 | EOv 2027 EQY 2024
. . Retire Canvert . . Rietire Rictire
Comanche 3 Action:| _ i Rete | povrg0sa | Mat Gas Fiatire Rete | oy gosa | Eov zoss
EQY 2063 EQT 2023 Rred Ops EO°F 2007 EOQ 2023 | EOQY 2033 Fed Ops Red Ops
2030 CO2 % Reduction -7l -89 -85 -B7 -8B -B1x -85 -85
CO02 Reduction Efficiency [${fton) - % 45 | ¢ 7 | & 28| % 2| % 28| & 12| 33
FP¥RR Utility Cost 2021-2055 [($M]) + 35991 | $ 39736 | & 39610 | $ 39487 | & 39646 | £ 39408 | £ 39490 | £ 39,664
P¥RRA Utility Cost Delta vs. SCC 1
2021-2030 [#0)| & k] 267 | & 186 | % 230 | % TR | % M2 | & 236 % a4
2021-2040 (M) £ ¥ a0k | & RN Bab (& VAT & 35T | & 49 | & E2%
2021-2055 [#M)| # % T4E | % g20 | % 436 | BB | # ME |+ 499 % E73
Average Annual Rate Impact
2024-2030 ) 2.1% s 2.7% 26 2.9% 2.4% 254 2.0
2024-2040 %) 15% 163 17 16 164 17 16 165
2024-2088 %] 174 17 174 174 174 17 174 1.7%
NPY¥ CO2 2021-2055 [$M) $ 244204 BRI F EBBI[ ¢ EvE|f EOBA )% ETIZ[ £ ERN) $ 203
z i1 | P¥RR Utility Cost « NPY CO2 2021-2055 [$M) $ 47432 | & 45895 | § 46191 | f 46665 | £ 45734 | £ 46120 | £ 46001 | 45267
o % PY¥RR Utility Cost « NPY CO2 Delta vs. SCC 1
— w 2021-2020 (M) £ ] [2v| % (B0 £ (e & [20e) £ (192 & [12E)| # (el |
2021-2040 [#M)| % + (L05E) # (340 £ 434 F 244 F 0082 N0 #1290
2021-20688 [#M)| & (537 & (L2 & (7eE)| & (6AE)| & (32| & (43| & (1,566
Infrastructure Investment Fotential ($M)]
Generation 2021-2020 (M) £ 3600 [ & 6523 | ¢ 4905 | % 4453 | & 4895 | 2955 (& 45923 4650
Transmission 2021-2030 (4] § 1667 | & 1BB7 | & 1667 |4 1B67 | 4§ 1BET | 4§ 1BET | & 1BET | § 1,667
Phase Il 2030 Resource Need [MY) [1.436) [2.441) (1341 [1436] [1.3:36) [1.436) [1.436) [1.436]
Resource Additions 2021-2030 [Nameplate M)
wind 1,550 2,260 2,200 2,180 2,200 1,700 2,160 2,200
Utility-Sizale Salar 250 1,000 1,000 1,000 1000 1000 1,000 1,000
Di=tributed Solar 1,556 1586 1556 1,556 1,586 1566 1586 1,556
Staorage 280 450 350 400 260 200 400 400
Firm Dispatchable 1176 2156 1,563 330 1,562 1176 1,176 1176
2030 CO2 > Reduction -1 -1% [ 0 0 0 0 0
CO02 Reduction Efficiency [${fton) - ¥ 1| % | $ [B]| % 2% (]| % E| ¥ 4
E FPY¥RR Utility Cost 2021-2055 [($M) % 77| % 155 % 3] % 4] % 195 ] % 2] & 1341 # 21
a Average Annual Rate Impact
_g_ 2024-2030 (%) 0.0 00z RINES 0.2 0.0 -0 0.0 002
= 2024-2040 () (S (1 0.0 o 0.0 0.0 0.0 002
a 2024-2055 %) 01 0.1 01 01 0.1 0% 01% 0.1%
w NPY¥ CO2 2021-2055 [$M) ¥ [124]]| $ [137)] # [138)| % 18] & (45| % 98]l & 34| % [126]]
ﬁ PY¥RR Utility Cost -« NPY CO2 2021-2055 [($M) ¥ 7l $ 2% 43 % 4 # B0 ) B0 # 25
g Infrastructure Investment Potential [$M]
o Generation 2021-2030 (M) | & [B82)| $ [634]| * [a09)| # [L0GE) £ (7EE)| F (89| & (a0 * {710
£ Transmission 2021-2030 ($M)| $ - $ - ¥ - % - k3 - k3 - ¥ - ¥ -
g Phase Il 2030 Resource Need [MY) kil 2 il il il il kil il
] Resource Additions 2021-2030 [Nameplate M)
ED wind [100) [100) [100] [150] [100] [150] [150] [150]
E Utility-Sizale Salar (200 [550] [GE0] [500) [550] [250] [550] (550
(W] Distributed Solar 399 293 199 299 299 299 299 299
Starage [150] - (5] [50] [50] [100] - -
Firm Dizpatchable [100] [198) (3592 [528] [19E] [324] [100] {57

PusLIc SERVICE COMPANY OF COLORADO

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN

VOLUME 2 - TECHNICAL APPENDIX

PAGE 265 OF 266



Table 2.13-9 ERP and CEP Portfolios Reoptimized with Sunk Transmission

Cost
SCC Optimized Portfolios Wﬁﬂw
$0/ton 8760-dispatch .
SEx awnership v
Portfolio| SCCH SCC2 SCC3 SCC4 SCCH SCCE SCCT SCCE
Resource Need: ERP CEP CEP CEP CEP CEP . CEP CEP
referred
Pawnee Action Fietire Fictire Fretire Eonvﬁert Eonvﬁert EonvGert Eonchlt EonvGert
H ak Gaz ak Gaz ak Gaz at Gaz ak Gaz
EO'T 2041 BOv 2022 B0 2023 EQY 2027 | EQv 2027 | EQv 2027 | EOY 2027 | EOY 2024
Comanche 3 Action:| _ Fetre Fatire Eo?re;;ss E::vee:: Ftire Fitire Eo?re;;ss EEIF‘!:;I';SS
EQY 2063 EQV 2023 Fied Ops EOY 2027 EQT 2023 | EOv 2033 Fied Ops Fred Ops
2030 CO2 3 Reduction -1 -903 -B7 -8B
CO02 Reduction Efficiency ($/fton) = % 44 ;] 23 % 29
PYHR Utility Cost 2021-2055 [$M] $ 37376 | & 380658 F 37740 F 3r.h48
PYRRA Utility Cost Delta vs. SCC 1
2021-2030 ($M)] & = S 263 # 131 % i}
2021-2040 [£M)] & - i3 863 ki3 392 k3 463
2021-2055 [(#M)] # - % B33 F 36% 3 472
17 | Average Annual Rate Impact
[} 2024-20:30 2] 19 28 23 22K
E 2024-2040 [>) 15 15 155 15
E 2024-2055 3] 162 152 16+ 16
=5 NPY CO2 2021-2055 [$M) $ 2273 | % 5935 $ &.052 % G297
== 0 |PYRRA Utility Cost - NPY CO2 2021-2055 [$M) $ 45654 | ¢ 42082 F 43793 % 44145
£ 2 |P¥RR Utility Cost « NPY CO2 Delta vs_SCC 1
w1 g 2021-2030 (M) # - % [137) ¥ [345) E ]
a 20z1-2040 ($M)] & = E N N T F [1518) F[1185)
= 0212086 (M) 8 - | & (1671 $ (1861 $ 1509
Ui | Infrastructure Investment Potential ($M)
% Generation 2021-2020 (£M)) £ B2 | ¢ 7320 F 5745 # G965
|t Transmission 2021-2030 [M)] & 1EET | & 1EET % 1EEV ¥ 1EET
Phase Il 2030 Resource Need [MW) [1.747) [2.762) [1747] [1.747)
Resource Additions 2021-2030 [Nameplate M)
wind 1,450 2,500 2,280 2,500
Ltility-Seale Salar 1650 2,100 1,300 2,080
Distribuked Solar 1,168 1,188 1168 1158
Storage 200 400 450 400
Firm Dispatchable 1,505 2618 1,308 1,113
2030 CD2 * Reduction -2 -2 -1% -1
CO02 Reduction Efficiency ($/fton) = % (2] ;3 (1] % (]
i |PYRR Utility Cost 2021-2055 ($M) $ (43| (1524 % (L5633 (1,453
o Average Annual Rate Impact
B 2024-2030 (%) 0.2 02 05 -0
I 2024-2040 [>) 0.1 o= 0.0 0.0
2 2024-2065 (=) -0.1% -01% -0 01
v [NPY COZ 2021-2055 [$M)] S B §  [243] F  [34%)
ﬁ PY¥RR Utility Cost -« NPY CO2 2021-2055 [$M) $ (1785 #  (1894) ¥ [1E7E] + [1807)
g Infrastructure Investment Potential ($M)
o Generation 2021-2030 [£M)] & g8 | % 1,098 k3 227 kS ROE
= Transmission 20212030 (¢M) & - | % - $ - §
‘g Phase Il 2030 Resource Need [MYy) - - [0
aQ Resource Additions 2021-2030 [Nameplate M)
&n wind 300 150 (50 200
E Ltility-Seale Salar 500 550 400 500
[W] Distributed Solar - - -
Storage [100] [50] - -
Firm Dispatchable 228 Z2EE [253) (163
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Table 2.13-10 ERP and CEP Portfolios Reoptimized with No New Gas

Resources
SCC Optimized Portfolios Pf-:f;"“fed
$0/ton 8760-dispatch
S awnershig "
Portfolio| SCCH SCC2 SCC3 SCC4 SCCH SCCE SCCT SCCE
Resource Need: ERF CEF CEF CEP CEP CEP P EEP CEF
referred
Pawnee Action Retire Retire Retire Eonvﬁcrt Eonvﬁcrt Eonvﬁcrt ﬁonvﬁcrt zonv;rt
H at Gas at Gas at Gas at Gas at Gas
ECT 2041 EOr 2028 B0 2028 EQY 2027 | EOY 2027 | EOY 2027 | EQY 2027 EQ 2024
. . Rtire Canwerk . . Rtire Rictire
Comanche 3 Action: [ _ i Pl EOT 2033 | MatGas Ratira Retite | oy eoss | Eov zosa
EOY 2063 EO 2023 Rd Ope EOT 2027 EOQY 2025 | EOY 2033 Rud Ope Fied Ops
2030 CO2 ¥ Reduction -Th -943 -9 -89
C02 Reduction Efficiency [$fton) - ¥ a5 k4 22 k4 27
PY¥RR Utility Cost 2021-2055 [($M) + 44680 | § 47984 F 45,053 F 456,638
P¥RR Utility Cost Delta vs. S5CC 1
2021-2030 (M) # - % 431 S 166 % 128
2021-2040 (M) £ = ¥ 2.280 E ] ¥ 2M
2021-2055 ($M]] £ S % 3,304 T $ 956
Average Annual Rate Impact
2024-2030 ] o B 2E S4x
i 2024-2040 3] 28K 27 2. 24
bt 2024-2085 [+] 24K 28 24% ZEK
g NPY CO2 2021-2055 [$M)]  FE0T| 5,408 $ 5524 $ 5,882
& | PYRR Utility Cost « NPY CO2 2021-2055 ($M)]) $ Bz2483 | § B3R F 80577 ¥ 51517
g o | P¥RR Utility Cost « NPY CO2 Delta vs. SCC 1
- 2021-2030 (M) F - E 105 ¥ [336) ¥ (18T
0 2021-2040 (M) £ - E 235 + [1535) F (128
g 2021-2055 (M) F - % a03 F  [1.308) F  [36E)
=z |Infrastructure Investment Fotential ($M)
Generation 2021-2030 ($M1)| & 6126 | $ 5,344 % &767 + 6§77
Transmission 2021-2030 (M| £ 1EET [ £ 1EET $  LEET ¥ LEET
Phase Il 2030 Resource Need (M) 17471 [2.752) [1.747) [1.747]
Resource Additions 2021-2030 [Mameplate M)
wind 2800 2,300 2150 3180
Litility-Scale Saolar 2,000 2,000 2,000 2,000
Distributed Solar 1,158 1,158 1158 1158
Storage 2200 £ 300 2,950 2,900
Firm Dispatchable - - - -
2030 CO2 x Reduction -7 -6 -5 -5
C02 Reduction Efficiency [$fton) - % 24 ¥ [12] ¥ 1)
g PY¥RR Utility Cost 2021-2055 [($M) + GEEE| o402 # 5,680 $ K330
s} Average Annual Rate Impact
'g_ 2024-2030 3] 115 195 0.8 04K
£ 2024-2040 3] 0.7 124 0.7 08
z 2024-2088 [+] 0.8% 108 0.8 0.4
W NPY CO2 2021-2055 [$M] +  [gzE)| # [E5E] ¥ [T72) ¥ [FE4)
g PY¥RRA Utility Cost « NPY CO2 2021-2055 [$M) % 5044 | $ 7514 F 4,308 % 5,566
% Infrastructure Investment Potential [$M)
o Generation 2021-2030 ($M)| # 245 | £ [274] 238 382
£ Transmission 2021-2030 (M) & - ¥ - ki3 - ki3
‘g Phase Il 2030 Resource Need [MW] - 0]
W Resource Additions 2021-2030 [Nameplate M)
EU wind 450 A50 260 260
E Litility-Scale Salar 250 450 500 450
(W] Distributed Solar - - - -
Storage 2800 E460 2,500 2,500
Firm Dispatihable {1,276 [2,362) [1,568) [1,27E]

PusLIc SERVICE COMPANY OF COLORADO

2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN

VOLUME 2 - TECHNICAL APPENDIX

PAGE 267 OF 268




Table 2.13-11 ERP and CEP Portfolios Reoptimized with Lower Hydrogen

Costs
SCC Optimized Portfolios “’if;:l"-"’
$0/ton 8760-dispatch |
SR awnsrsiig \\/
Porntfolio| SCCH SCC2 SCC3 SCC4 SCCH SCCH SCCT SCC 8
Resource Need: ERFP CEP CEP CEP CER CEP . CEP CEP
referred
Pawnee Action Rokire Rotire Botire Eonvﬁclt Eonvﬁert Eonvﬁcrt Eonvﬁert Eonvc:rt
H at Gas at Gas at Gas at Gas at Gas
g7 EOT 2023 EQT 202z EOY 2027 | EOY 2027 | EOY 2027 | EOY 2027 EOY 2024
. . Retire Convert . . Retire Rictire
Comanche 3 Action:[ _ P Rete | o a03a | Wt Gas Fiatire Fetite | povzosa | EOv 2033
EQ 2063 EQT 2023 Fied Ops EOV 2027 EQT 2023 | EOQY 2033 Rred Ops Red Ops
2030 CO2 x Reduction -69% -8 -B7 -B4x
C02 Reduction Efficiency [$fton] - ¥ 41 k4 30 ¥ 32
PY¥RR Utility Cost 2021-205%5 [($M) £ 32060 ) § EE00 3 J8.566 + 33525
P¥HRA Utility Cost Delta vs. SCC 1
2021-2020 (#0)) £ = ¥ 235 247 ¥ 1T
2021-2040 ($01)] - ¥ 921 $ B9z S 449
2031-2065 [$00)) £ S ¥ T40 $  BOE 3 464
Average Annual Rate Impact
2024-2030 () 21 bl 4 2 2.6
2024-2040 () 155 155 155 154
E 2024-2088 [%) 155 145 145 145
< |NPY CO2 2021-205%5 (M) $ 2E03) ¢ B3IV § B3l $ EE&2
b g PY¥RR Utility Cost « NPY CO2 2021-2055 [($M) % 46669 | & 45137 3 44,903 $ 45213
% @ |PYRR Utility Cost - NPY COZ Delta vs. SCC 1
9 E;D 2021-2030 ($00)] - ¥ [143] ¥ [236) 0 [183)
E 20212040 (#00)) £ = F (045 +[1233) t  [11ET)
Z:E‘ 2021-2065 [($M)] $ - +  [153E] 3+ [17EE] + [145E]
Infrastructure Investment Potential [$M]
Generation 2021-2030 (#M1 £ 4301 ¢ B222 ¢ G&hI9 $ 6BaTe
Transmis=zion 2021-2030 ($M)| & 1667 [ $  1EBEY 3+ 1EE&T % 1EET
Phase Il 2030 Resource Need [MY) [1.747) [2.762) [1.747) [1.747]
Resource Additions 2021-2030 [Mameplate M)
wind 1750 2,380 2,300 2,200
Utility-Szale Solar 1,150 1550 1500 1,550
Distributed Solar 1,158 1,158 1,158 1158
Storage 260 450 450 400
Firm Dizpatchable 1372 2362 1568 1,276
2030 CO2 % Reduction 0z 0= 0= 03
C02 Reduction Efficiency [$fton] - + (5] % 4] + [&]
g PY¥RR Utility Cost 2021-2055 [$M) #  [FA3)| % [T32] ¥ [807) +[rE)
o Average Annual Rate Impact
'g_ 2024-2030 () 0.0 0.0% [l 0.0
£ 2024-2040 (3] 0.0 0.0 Oue 0.0
z 2024-20858 %] 025 -0.2% 0.2 0,28
u NPY¥ CO2 2021-2055 [$M) k3 [171] # 4 $ 4 ¥ 42
ﬁ PY¥RRA Utility Cost « NPY CO2 2021-2055 [($M) (70| % [740] 3 [TEE] + (73]
g Infrastructure Investment Potential [$M)
o Generation 2021-2030 ($M1)] £ 20| ¢ - S S
E Transmis=ion 2021-2030 ($M)| # - % - kS $
E Phase Il 2030 Resource Need [MW] - -
a Resource Additions 2021-2030 [Nameplate M)
o Wind 100 -
E Ltility-Szale Solar - -
[ Distributed Salar - -
Storage [50] -
Firm Dizpatchable 35 -
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Table 2.13-12 ERP and CEP Portfolios Reoptimized using Expanded Market

Access
SCC Optimized Portfolios P‘ﬁ:—’"
$0/ton 8760-dispatch -
S awnershig \\_,/
Portfolio| SCCH SCC2 SCC 2 SCC 4 SCCH SCCE SCCT SCCa
Resource Meed- EFFP CEF CER CEP CEF CEP . CEP CEP
referred
Pawnee Action Frakire Ratire Fratire Eon\:rt Eonvﬁtrt Eonvﬁtrt Eonvﬁcrt Eon\:rt
= ak Gaz at Gas at Gas At Gaz ak Gas
EO'T 2041 EOT 2028 BOV 2028 EOQv 2027 | EOY 2027 | EOv 2027 | EOQv 2027 | EOY 2024
Comanche 3 Action Fietire Retire ED':‘tl’etEirDQSS Eonv;rt Rietire Retire EI:IF‘!r'etEirDQSS ECIF‘E:EEirI:IZS
= ak Gaz
EOY 2063 EO 2023 Fied Ops EOY 2027 EOQY 2023 | EOY 2033 Fred Ops Red Ops
2030 CO2 3 Reduction -T0 -B9 -B7 -85
C02 Reduction EHficiency [$/ton) - ¥ 40 3 24 ¥ an
PYRR Wility Cost 2021-2055 [$M) $ 8100 [ § 2B286 i 32EM + 3B
P¥RR Utility Cost Delta vs. SCC 1
2021-2030 (M) S 237 % 132 S 183
2021-2040 [$M)) & ] az4 t 629 ] 505
2021-2055 [$M)] £ $ TEE % 514 % 539
Average Annual Rate Impact
2024-2030 ) 2.2M A b 2B 2.EM
2024-2040 ) 15 155 15 154
“ 2024-2085 [*) 163 16% 16 163
E L |NPY CO2 2021-2055 ($M) $ &hs| ¢ E202 + E.2EE + 650
o E PYRR Wtility Cost « NPY CO2 2021-2055 [$M) % 4661 | $ 45088 & 44,880 $ 45147
% - FPYRR Wility Cost « NPY CD2 Delta vs. SCC 1
o o 2021-2030 [$M)] £ kS [156] 0 [340) & [198)
Iﬁ = 2021-2040 [$M)] + (1083 i (1408 £ (1177
= 2021-20655 (M| $ % [1526) & [1736) % [1467)
Infrastructure Investment Potential [$M]
Generation 2021-2020 (M) £ 4560 | £ E45] E: S Re )| + G564
Transmizzion 2021-2030 ($M)| ¢  1EBEY | §  1BET + 1EEY + 1EEY
Phase Il 2030 Resource Need [MY) [1.747] [2.762] [1.747) [1.747]
Resource Additions 2021-2030 [Nameplate M)
Wind 1,250 2480 2,300 2,500
Lltility-Scale Solar 1,380 1,800 1,700 1,800
Distributed Solar 1158 1158 1152 1152
Storage 200 300 260 200
Firm Dispatchable 1568 2,408 1,233 1,372
2030 CO2 3 Reduction -1 -1 [ -1
CO2 Reduction Efficiency [($/ton) - ] [E] % [10) ] ()
E PYRR Wility Cost 2021-2055 [$M) k3 [T14]] % [E9E] +  [7ED) + [EEV)
o Average Annual Rate Impact
'g_ 2024-2030 %) 013 0.0 0.2 0.0
= 2024-2040 ) 0.0 0o Oue 0.0
a 2024-2085 [*) .13 015 013 0013
i NPY CO2 2021-2055 [($M) % (] £ (93] 3 [30) E ]
ﬁ PYRR Wtility Cost « NPY CO2 2021-2055 [$M) ¥ [225]] % [784] # [789) +  [808)
g Infrastructure Investment Potential [$M]
o Generation 2021-2030 [$M)| $ 27| % 229 & [288) kS 186
£ Transmission 20212030 (4M)| & - | - $
‘g Phase Il 2030 Resource Need [MW) 0 [0
@ Resource Additions 2021-2030 [Mameplate M)
oy wind 200 100 - 200
E Ltility-Scale Solar 200 260 200 250
[ Distributed Solar - - - -
Storage [200] [150] [200] [200]
Firm Dizpatchable 292 57 [335] 95
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SCC Optimized Portfolios Sensitivity Analysis Conclusions

There are eight sensitivity results presented above in Tables 2.13-5 through 2.13-12 for
the SCC Optimized portfolios to inform how the cost or benefit of a portfolio was
affected by a change in input assumption. As can be seen through a review and
comparison from the color mapping of sensitivity results, the Company’s Preferred Plan
(SCC 7) performs well across multiple futures which vary from the base assumptions.
Based on CO2 emission reductions and PVRR Utility Costs, SCC 7 consistently is a
high-ranking portfolio and the sensitivity analysis confirms this conclusion.

The sensitivity analysis has significantly different assumptions than the base
assumptions presented in Table 2.13-2. These different assumptions affect the ERP
portfolios and the CEP portfolios. For example, the No New Gas Sensitivity ERP
Portfolio, when compared to the Base Assumptions ERP Portfolio, has a PVRR Utility
Cost increase of $5.9 billion. The material change in costs and carbon reductions of the
ERP portfolios makes relative comparisons such as the PVRR Utility Cost Delta vs SCC
1 and the CO2 Reduction Efficiency within the sensitivity analysis not directly
comparable to the base assumption results in Table 2.13-2.

$0/ton Optimized Portfolios Sensitivity Results

Table 2.13-13 ERP and CEP Portfolios Repriced Using High Gas Prices

$0/ton Optimized Portfolios
$0/ton 8760-dispatch
50% ownership
Portfolio| $0/ton 1 $0#on 2 $0/ton 3 $0/ton 4 $0#on 5 $0/ton 6 $0#on 7 $0/ton 8
Resource Need: ERP CEP CEP CEP CEP CEP CEP CEP
Pavnee Actiom]| _Fetie | Reire | Rewe | (UL | G| G| NeGes | NetGe
N 3 as a as El as a as a as
BOY 2041 | EOY2028 | BOY 2028 | oy ogp7 | E0v 2027 | EOY 2027 | EOY 2027 | EOY 2024
N Retire Retire Retire Convert Retire Retire Retire Retire
Comanche 3 Action: coy 505a | £0Y 2029 EF?Q\S én;f E%a\‘,gg; EOY 2029 | EOY 2039 EFS:; én:: EF?;; éﬂpﬁ;g
2030 CO2 % Reduction -62% -81% -81% -81% -81% -81% -81% 81%
C0O2 Reduction Efficiency ($/ton) - $ 4415 40| § 30(8 348 338 32(8 27
PVRR Utility Cost 2021-2055 (§M) § 39056|$ 39815|$ 39798 |S 39700|$ 39,782 |$ 39682 |S 39664 |§ 39821
PVRR Utility Cost Delta vs. $0iton 1
2021-2030 ($M)| § ] 249 | § 1718 239§ 233 | § 183 | § 186 | § 286
2021-2040 (3M)| § $ 947 | § 747 | § 695 | § 838 | § 583 | § 621 | $ 736
b4 2021-2055 ($M)| § ] 759 | § 742 | S 644 | $ 726 | $ 626 | § 608 | $ 765
- E Average Annual Rate Impact
80 o 2024-2030 (%) 19% 29% 2.5% 2 5% 27% 2 5% 2.4% 23%
T g 2024-2040 (%) 1.6% 1.6% 1.7% 1.6% 1.6% 1.7% 1.6% 1.7%
&) 2024-2055 (%) 17% 17% 17% 17% 17% 17% 17% 16%
NPV CO2 2021-2055 ($M) $ 9128 |8 7068 |% 7158 |8 6941 6983(% 7,047 | 8 7065|% 6,779
PVRR Utility Cost + NPV CO2 2021-2055 ($M) § 48184 |$ 46884 |$ 46956 |S 46641 |$ 46770 |$ 46729 |S 46,730 |§ 46,599
PVRR Utility Cost + NPV CO2 Delta vs. $0/ton 1
2021-2030 ($M)| § s (132)| 8 (118) §  (283)|s (227§ (191)| § (197)| 8 (383)
2021-2040 (SM)[ $ s (340) 5 (950)| $  (1,227)| 8 (1,026)| 8 (1,208) S (1,169)| 8 (1,342)
2021-2055 ($M)] § - S (13018 (1228) § (15435 (1414)S (1455 S  (1455)|§  (1,585)
) 2030 CO2 % Reduction 0% 0% 0% 0% 0% 0% 0% 0%
@ . |CO2Reduction Efficiency ($/ton) - |8 5(8 418 6|8 6% 38 418 4
@ S |PVRR Utility Cost 2021-2055 (M) $ 7758 940 | § 900 |§ 1,008 |$S 990 | § 769 | § 912 | § 923
g .g_ Average Annual Rate Impact
E £ 2024-2030 (%) 01% 02% 02% 03% 0.2% 0.2% 0.2% 0.2%
g’n 3z 2024-2040 (%) 0.1% 0.2% 0.2% 0.2% 0.2% 0.1% 0.2% 0.2%
£ 2 2024-2055 (%) 00% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
- NPV CO2 2021-2055 ($M) $ 2208 171% 178 188 188 208 1918 21
Y PVRR Utility Cost + NPV CO2 2021-2055 ($M) $ 797 |8 957 | § 917§ 1025(% 1008[% 789 | § 931§ 944
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Table 2.13-14 ERP and CEP Portfolios Repriced Using Low Gas Prices
$0/ton Optimized Portfolios
$0/ton 8760-dispatch
50% ownership
Portfolio| $0/ton 1 $0/ton 2 $0/ten 3 $0/ton 4 $0/ten 5 $0/ton B $0/ten 7 $0/ton 8
Resource Need: ERP CEP CEP CEP CEP CEP CEP CEP
Pawnee Action:| _Rewe | Rewe | Rews | (O | N CHED | L | e Gn
o a as a as 3 as a as a as
EOY 204 | EOY2028 | EOY2028 | £y o057 | EOv 2027 | EOY 2027 | EOY 2027 | EOY 2024
. Retire Retire Retire Convert Retire Retire Retire Retire
Comanche 3 Action:| v 5069 | EOY 2009 EFS;; éﬂ;sg E%a\‘(fg; EOY 2029 | EOY 2039 EFSE\; éﬂ;sg EFSE\S éosse
2030 CO2 % Reduction -63% -81% 81% -81% 81% 81% -81% -81%
CO2 Reduction Efficiency ($/ton) - $ 36(8 348 19| 8 24 | $ 27(% 25(8 21
PVRR Utility Cost 2021-2055 ($M) $ 37,703|$ 38167 |S 38222 |$ 37930 (% 38043 |$ 38339|% 38066|% 38202
PVRR Utility Cost Delta vs. $0/ton 1
2021-2030 (SM)| S = $ 187 | § 137 [ § 146 [ § 159 | § 145 [ § 137 | § 214
2021-2040 (SM)| $ = $ 695 | 8 568 | 8 337 | % 497 | § 621 | % 420 | 8 514
3 2021-2055 (SM)[ § - $ 464 | 8 51918 228 | 8 340 | § 637 |8 3648 499
z E Average Annual Rate Impact
g o 2024-2030 (%) 1.6% 25% 21% 2.0% 23% 2.2% 2.0% 1.9%
B4 2024-2040 (%) 1.4% 1.3% 1.4% 1.2% 1.2% 1.5% 1.3% 1.3%
0 2024-2055 (%) 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6%
NPV CO2 2021-2055 ($M) $ 9,060 |8 70218 7111 (% 6899 |% 6945 |§ 6999 |% 70198 6,735
PVRR Utility Cost + NPV CO2 2021-2055 ($M) $ 46763 |8 45188 |8 45333 |$ 44829 (% 44983 |§ 45339 |5 45085(8% 44937
PVRR Utility Cost + NPV CO2 Delta vs. $0/ton 1
2021-2030 ($M)| $ - s @08 (139)| $  (359)| 5 (287)[ $ (214)| 5 (232)| § (440)
2021-2040 ($M)| § - |8 (o070)|8 (1.107)| S (1.559)| S (1.343)| 8 (1.148)| 5 (1.247)|S (1528)
2021-2055 ($M)| § - |s (5758 (1420) 8 (1.934)| s (1775)|8  (1424) 5 (1677)|S  (1.826)
@ 2030 CO2 % Reduction -1% 0% 0% 0% 0% 0% 0% 0%
F » |C0O2 Reduction Efficiency ($/ton) $ - $ (3) 8 (3)] 8 5) 8 (G 2)[ 5 (3)] 8 (3)
o0 g PVRR Utility Cost 2021-2055 ($M) $ (578)[ 8 (708)[ 8 (676)] 8 (762) 8 (748)| 8 (574) 8 (686)[ 8 (696)
g g_ Average Annual Rate Impact
= £ 2024-2030 (%) -0.1% -0.2% -0.2% -0.2% -0.2% -0.1% -0.2% -0.2%
g’n a 2024-2040 (%) -0.1% -0.1% -0.1% -0.2% -0.1% -0.1% -0.1% -0.1%
c 2 2024-2055 (%) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
8 NPV CO2 2021-2055 ($M) $ (47 s (20)[ s (20)[ s (25) s (26) § 27 s (27 s (23)
Y PVRR Utility Cost + NPV CO2 2021-2055 ($M) s  (625)5  (739)3 qoe)s  wemls  grals  wonls  m3))s  (719)
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Table 2.13-15 ERP and CEP Portfolios Reoptimized with High Load
$0/ton Optimized Portfolios
$0/ton B760-dispatch
S awnershiis
Portfolio | £0fton 1 $0fan 2 $0fton2 | $0fond | $0Mon® | f0Mont | f0MonT | $0Mond
Resource Need: ERF CEP CEP CEF CEP CEP CEP CEP
Pawnee Action Feetire Frokire Eeetire Eonvﬁtrt Eonvﬁert Eonvﬁert Eonv;rt Eonvﬁert
z at Gas 3t Gas ak Gas at Gaz at Gas
EOT 2041 EOV 2025 EO'Y 2028 EOw 2027 | EOY 2027 | EQY 2027 | EQY 2027 | EOQY 2024
. . Rictire Canvert . . Rietire Fietire
Comanche 3 Action: [ _ Pt Retite | oy 2039 | MatGas Fietire Retite | ey eoss | Eov 2039
EOQY 2063 EQv 2023 Fied Ops EOT 2027 EQT 2023 | EOV 2033 Fied Ops Fied Ops
2030 CO2 > Heduction -6 -81% -B1% -B1% =813 =81 -B1% =81
C02 Reduction Efficiency [$Mfton) - ¥ 3% 121 ¢ 3] f 3 k| $ | 28
P¥RRE Utility Cost 2021-2055 ($M) F 42834 | ¢ 43374 [ F 43475 [ § 43293 | § 43301 | F 43724 | ¢ 43338 | 43491
P¥RR Utility Cost Delta vs. $0{/ton 1
2021-2030 [£M)] % i3 206 | & 190 | % 277 | & 229 | % 203 | % 195 | & 290
2021-2040 [#M)] # ¥ T | % EEY | ¢ 574 % TR % 804 % 52| % E42
2021-2085 [EM)] & i 540 | & B4 | & 453 | & 467 | & 890 | % 504 | & E57
Average Annual Rate Impact
2024-2030 3] 11 2.0 1493 17 193 19 17 173
2024-2040 () 0.8% 0.7 08 0.7 0.7 0.9 0.7% 085
2024-2065 [+) 145 1.3 13 14 135 145 145 1.3
NFY CO2Z 2021-205%5 [$M) F 3375 | § V5% T444 | § T2ER | § F2TI| 4 TIRG | § V400 | % L]
— 7 |P¥RR Utility Cost « NPY CO2 2021-2055 ($M) $ G2z02) ¢ BOTX[¢ B0OI9 | 4 BOBEZ ) $ BOET4 ) § BLOBA ) 4 SOV | & BOEID
o g PY¥RRE Utility Cost - NPY CO2 Delta vs_ $0fton 1
T 3 2021-2020 (M) ¥ (18] # ey & (252 ¢ (22000 ¢ (=0 & (Ve £ [383)
2021-2040 (30| & & o3zl & oas)| & el s poss|E EeE| # pezemf £ asm)
2021-2085 (M) F 043 ¢ (2a0)[ £ (4TI £ (eSS F (200 & (4T & 15589
Infrastructure Investment Potential [$M])
Generation 2021-2030 (M) # 3254 [+ 4910 | ¢ 4728 | & 4373+ 4TE[F S3M |+ 4221 & 4IM
Transmizsion 2021-2030 [(FM)] & 1L6ET | & 1667 | & 1667 | IBGY [ 1667 |4 1667 | & BBV | & 1EE7
Phase Il 2030 Resource Need [MW) [2.004] [3.014) [2514) [2,003] [2.509] [2,009] [2.004] [2,004]
Resource Additions 2021-2030 [Nameplate M)
wind 1,000 1,350 1,650 1,450 1,400 2,380 1,600 1,600
Urility-Seale Solar 200 1,080 1,100 1,100 1,100 1,400 1,100 1,100
Distributed Solar 1158 1,168 1,168 1,168 1158 1158 1,158 1158
Srorage 50 80 80 00 1] 150 50 50
Firm Dispatchable 1,960 2073 2548 2,093 2681 1,764 1,960 1,360
2030 CO2 > Heduction 3 13 0% 0 0 0 0 [
C02 Reduction Efficiency [$fton] - ¥ 4] % 5% ] # 5% E|# K 5
g P¥RRE Utility Cost 2021-2055 ($M) F 4654 | % 4499 F 45TV (¢ 4E01| ¢ 450 | % 480 )% 4586 F 4554
o Average Annual Rate Impact
E_ 2024-2030 3] 0.7 0.7 062 065 065 065 043 -0.4 3]
= 2024-2040 () 0.7 0.7 0.7 0.7 0.7 0.6 0.7 0.7
7 2024-2065 [+) -0.3% 0.3 0.3 0.3 -0.3% -0.3% -0.3% 033
] NFY CO2Z 2021-205%5 [$M) ¥ 28| % 4| % 3| ¢ M| ¢ 2|3 Mm% 54| % 361
E PY¥RR Utility Cost - NPY CD2 2021-2055 ($M) 453 ¢ 4ma(¢ 48804 40E ) $ 4024 BRI E 4040 ¢ 4954
g Infrastructure Investment Potential [$M]
o Generation 2021-2030 ($M)| # T2E | % B % TEE | % 10T2|% 1ITI($ 1R TR % EE2
= Transmiszion 2021-2030 ($M]| $ - ¥ - $ - % - % - ¥ - ¥ - ¥ -
g Phasze Il 2030 Resource Need [MW] [262] (] [ [ (262 [ [262] [262]
w Resource Additions 2021-2030 [Mameplate MW]
%D wind - 360 A00 450 400 EA0 450 450
E Utility-Scale Solar 700 500 50 250 500 250 50 50
(W] Distributed Solar - - - - -
Storage - - - a0 - 150 - [510]
Firm Dispatchable 136 [19E] 196 133 133 136 196
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Table 2.13-16 ERP and CEP Portfolios Reoptimized with Low Sales

$0/ton Optimized Portfolios
$0/ton 8760-dispatch

S8 awners e
Portfolio| f0ftoni F0itan 2 F0ftan 3 $0fton 4 | #0Mon5 | 0Mon B F0iton 7 $0itan 8
Resource Need: ERF CEP CEP CEP CEF CEF CEF CEF
Pawnee Action Ratire Featire Fratire Eonvﬁtrt Eonvﬁcrt Eon\:rt Eonvﬁtrt Eonvﬁcrt
B ak Gas at Gaz at Gaz at Gas at Gaz
EQT 2041 BOT 2028 BOV 2028 EOQY 2027 | EQv 2027 | EQv 2027 | EOV 2027 EQv 2024
Comanche 3 Action:| _ Fir Fiatira EnF‘Irc;rucsa E::vst;: Ftire Fatire Eonrt;:J;s Euﬁrc;rocsa
EOT 2063 EQY 2023 Fied Ops EOY 2027 EOY 2023 | EOY 2033 Fied Ope Fred Ope
2030 CO2 * Reduction -65% -B2 -8 -Bix -B2 -8 -Bix -B1x
CO02 Reduction Efficiency ($fton] - 3 M| 40 | & 20 | $ 28| % 27| % 20| 13
PYRR Utility Cost 2021-2055 [$M) $ 38R20 | ¢ 30081 $  BO0ET | 4 20OT4 | $ 4T [ 39052 | £ 38AV3 | $ 0 2906
FPYRA Utility Cost Delta vs. $0fton 1
2021-2030 ($M] $ ES 208 | & 152 ¢ LLENE 166 | & "2 % 06 | £ 128
2021-2040 (M) % am | ¢ B3|+ 479 | % EX |+ BER| % 431 | # 534
2021-2085 [($M)] § % ER2 | % B¢ H5 | % B2l ¢ B2 | (% 583
Average Annual Rate Impact
2024-2030 3] 188 2EH 23K 21% 244 24x 21% 2.0z
2024-2040 (%) 155 145 16 14 143 16 155 155
2024-2058 3] 1.7% 1.7% 1.7% 175 1.7 1.7% 175 1.7%
NPY¥ CO2 2021-2055 [($M] $ 9918 | & 6304 | % E992|+ EYVE| ¢ EEN|§ B8 | F EO00| % EE17
= i | P¥YRR Wtility Cost - NPY CO2 2021-2055 [$M) $ 47447 | 4 46085 (£ 46159 | f 467VG2 | 4 45860 [ 46033 | £ 45873 | F 4ETM
o % P¥RRA Utility Cost «+ NPY¥ CD2 Delta vs_. $0Mon 1
1w 2021-2030 (M) kS [136]] % (0] & (=400 £ (272 & [207) # [245)| % [445)
2021-2040 (M) kS (32 £ (022 £ (=800 £ (=R ¢ (RG] F (0E03)) £ [1482)
2021-2055 (M| § #  [1362)| & (1287 £ (1895)| £ (1589)) ¢ (44 # (1574 % [1,713])
Infrastructure Investment Potential [$M]
Generation 2021-2030 ($M)| & 2306 | & 3073 & 3327 |4 2385 |4 2685 |4 SB43 | F 2T02| % 2,702
Transmizzion 202-2030(4M)| ¢ 1667 |4+ 1667 | ¢ 1BEY |4 1EBEV | § \EET| 3 \EEF | % 1EEY| % 1BE7
Phase Il 2030 Resource Need [MW]) [1,436) [2,441] [1,341) [1,438) [1,9:36) [1,436] [1,438) [1,438)
Resource Additions 2021-2030 [Mameplate MYW]
wind 1,000 1,000 1,000 1,000 1,000 1,350 1,000 1,000
Utility-Szale Solar - 50 Ton 00 00 a00 E&0 ES0
Distributed Solar 1586 1556 1556 1586 1,556 1556 1586 1556
Storage il 50 50 a0 &0 100 a0 50
Firm Dispatchable 1568 2,543 2,156 1562 1,960 1563 1372 1372
2030 CO2 * Reduction -2% L] L] 0 -1% L] 0 [
CO02 Reduction Efficiency [($fton] - % 1| % 4] % (4] % 3] # 21| % (2] % 15
g PYRR Utility Cost 2021-2055 [$M) i 248 | ¢ 06| % 269 )¢ M2 % 2Bl X3 % 2211 ¢ 218
o Average Annual Rate Impact
'-g_ 2024-2030 [32) 0.0z -0 0.0 01 0013 0.0 01 -0t
= 2024-2040 (%) ooz 0.0 01 01 0.0 0.0 01 01
a 2024-2086 [+) 01 0.1 0.1 0.1 0.1+ 0.1 0.1 0.1
v NPY¥ CO2 2021-2055 [($M] ¥ [129]] % [147]] % (149)] £  (ME)[ ¢  (e0) F  [(4E] F  [ME)]| % [141)
g PY¥RR Utility Cost « NPY CO2 2021-2055 [$M] ¥ 60 | & 158 | & 120 | % 136 | ¢ 96 | & 93 | % 75| % 78
g Infrastructure Investment Potential [$M]
o Generation 2021-2030 ($M)) & [223) £ (147 % [=RET ] O = i - =113 | S (5 | S o | 5 [&57)
E Transmission 202-2030(¢M[ ¢ - |% - |% - % - | - |% - |% - |% -
E Phase Il 2030 Resource Need [MYW) 2 a1 a1 a1 il a1 a1 a1
w Resource Additions 2021-2030 [Mameplate MW]
%D wind - - [150] - - [=50) [150] (150
E Utility-Szale Solar [100) [G00) [350) [T50] [500] [250] [400] [400])
[ Distributed Solar 293 339 294 2493 299 294 2493 293
Srorage - - - - - 100 - [50]
Firm Dispatchable [13E] [F21] [136] [332] [G33] [136] [332] [:352]
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$0/ton Optimized Portfolios Sensitivity Analysis Conclusions

There are four sensitivity results presented above in Tables 2.13-13 through 2.13-16 for
the $0/ton Optimized portfolios to inform how the cost or benefit of a portfolio was
affected by a change in input assumption. While the $0/ton Optimized portfolios in
general add fewer renewables and achieve lower CO:2 reductions than the Company’s
Preferred CEP Portfolio, the coal actions recommended by the Company, which are
represented in the $0/ton 7 portfolio, consistently rank high on limiting cost impacts.

The sensitivity analysis has significantly different assumptions than the base
assumptions presented in Table 2.13-4. These different assumptions affect the ERP
portfolios and the CEP portfolios. For example, the High Load Sensitivity ERP Portfolio,
when compared to the Base Assumptions ERP Portfolio, has a PVRR Utility Cost
increase of $4.6 billion. The material change in costs and carbon reductions of the ERP
portfolios makes relative comparisons such as the PVRR Utility Cost Delta vs $0/ton 1
and the CO2 Reduction Efficiency within the sensitivity analysis not directly comparable
to the base assumption results in Table 2.13-4.

Craig 2 and Hayden 1 & 2 Retirement Discussion

Hayden Unit 1 and Unit 2

In January 2021, Public Service announced its plans for the early retirement of Hayden
Generating Station earlier than planned. Hayden Generating Station is a 441 MW
facility (179 MW Unit 1 and 262 MW Unit 2) located in Hayden, Colorado. Hayden has
two owners in addition to Public Service, including PacifiCorp and Salt River Project.
Xcel Energy has full operational control and owns approximately 75 percent of Unit 1
and 37 percent of Unit 2.

Public Service and its partners have agreed on a proposed plan to retire Unit 2 by the
end of 2027 and Unit 1 by the end of 2028. The original retirement dates for Unit 1 and
Unit 2 were 2030 and 2036, respectively.

Craig Unit 2

In July 2020, Tri-State, the operator and majority owner of the Craig Station, located in
Craig, Colorado, announced that the five owners of the 410 MW Craig Unit 2
unanimously agreed on a September 30, 2028 retirement date.

Craig Station Units 1 and 2 make up the Yampa Project, jointly owned by PacifiCorp,
Platte River Power Authority, Salt River Project, Tri-State and Xcel Energy — Colorado.
Xcel Energy owns approximately 10%, or 40 MW of Craig 2. The Yampa Project
owners previously announced the retirement of the 427 MW Unit 1 by the end of 2025.
Craig Unit 3, which is entirely owned by Tri-State, will retire by 2030 as announced by
Tri-State.
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Costs and Benefits of Craig 2 and Hayden 1 & 2 Retirements

The Company performed EnCompass modeling to determine the costs and benefits of
the decisions to retire Craig 2 and Hayden 1 & 2 ahead of their scheduled retirement
dates, with Craig 2 retiring eleven years ahead of schedule, Hayden 1 two years ahead
of schedule, and Hayden 2 nine years ahead of schedule. The analysis included only
the Company’s ownership shares of Craig 2 and Hayden 1 & 2.

Table 2.13-17 Craig 2 and Hayden 1 & 2 Key Data

Public Service Original Unit Life
Total Ownership PSCo Share Retirement | Retirement | Decrease
Unit (MW) (MW) (%) Date (EQY) Date (EQY) | (# of Years) Location
Craig 2 410 40 10% - Minority 2028 2039 11 Moffat County CO
Hayden 1 179 135 75% - Majority 2028 2030 2 Route County CO
Hayden 2 262 93 37% - Minority 2027 2036 9 Route County CO

The Craig & Hayden analysis started with the Company’s Preferred CEP portfolio (SCC
7) and the corresponding baseload retirement plan under $0/ton assumptions ($0/ton
7). In these portfolios, Craig and Hayden were already assumed to be retiring at the
accelerated dates, so the Company developed two additional scenarios in which the
Craig and Hayden units reverted back to their original retirement dates to provide the
necessary comparisons. All scenarios include the coal actions of converting Pawnee to
natural gas EQY 2027 and retiring Comanche 3 EQY 2039 with reduced operations.

The first additional modeling scenario changes the retirement date assumptions for both
Craig 2 and Hayden 1 & 2 to their original retirement dates and reoptimizes the generic
resource selections. The second additional modeling scenario changes the retirement
dates for only Hayden 1 & 2 to their original retirement dates and reoptimizes the
generic resource selections. These additional scenarios’ expansion plans (Step 1) were
developed using both SCC and $0/ton cost assumptions for CO2 emissions and were
then run through production costing (Step 2) assuming $0/ton 8760-dispatch.

Proxy costs for a Workforce Transition Plan and a Community Assistance Plan are
included in the costs of for Hayden 1 & 2 in the base ERP analysis®’. The additional
scenarios reflecting the original retirement dates for Hayden 1 & 2 do include a
Workforce Transition Plan tied to the original retirement dates, but do not include a
Community Assistance Plan given that the units would be running until the conclusion of
their respective book lives.

37 The Company did not include these costs for Craig 2 as it does not hold a majority interest and is not
the designated operator of this facility.
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SCC Analysis

Tables 2.13-18 through 2.13-20 show the costs and benefits of the decision to retire
PSCo’s shares of Craig 2 and Hayden 1 & 2 ahead of schedule by comparing the base
Preferred Plan (SCC 7) and the two additional scenarios that reflect the original
retirement dates. The original retirement dates are labeled BAU in the following tables.
Table 2.13-18 shows the combined results for all three units, and tables 2.13-19 and
2.13-20 show the results for the plants individually.

As can be seen from the tables, all retirements show net benefits when the cost of

carbon is included. The Craig 2 retirement analysis shows small cost savings when
only utility costs are considered.

Table 2.13-18 SCC Craig 2 and Hayden 1 & 2 Retirement Decision Costs and

Benefits
PVRR
Craig 2 Hayden 1 Hayden 2 PVRR Utility Cost +
Retirement | Retirement | Retirement Utility Cost NPV CO2

Portfolios Date (EOY) | Date (EOY) | Date (EOQY) | 2021-2055 ($M) | 2021-2055 ($M)
SCC7 2028 2028 2027 $ 39,306 | $ 45 951
SCC 7 + Craig 2 BAU + Hayden BAU 2039 2030 2036 $ 39188 [ $ 46,016
Costs / (Benefits) of Craig 2 + Hayden 1 & 2 Retirement| $ 118 | § (65)

Table 2.13-19 SCC Hayden 1 & 2 Only Retirement Decision Costs and Benefits

PVRR
Craig 2 Hayden 1 Hayden 2 PVRR Utility Cost +
Retirement Retirement Retirement Utility Cost NPV CO2
Portfolios Date (EQY) | Date (EOY) | Date (EQY) | 2021-2055 ($M) | 2021-2055 ($M)
SCC7 2028 2028 2027 $ 39,306 | $ 45 951
SCC 7 + Hayden BAU 2028 2030 2036 $ 39182 | § 45 971
Costs / (Benefits) of Hayden 1 & 2 Retirement Only| § 124 | § (20)

Table 2.13-20 SCC Craig 2 Only Retirement Decision Costs and Benefits

PVRR
Craig 2 Hayden 1 Hayden 2 PVRR Utility Cost +
Retirement Retirement Retirement Utility Cost NPV CO2
Portfolios Date (EQY) | Date (EOY) | Date (EOQY) | 2021-2055 ($M) | 2021-2055 ($M)
SCC 7 + Hayden BAU 2028 2030 2036 $ 39182 | $ 45,971
SCC 7 + Craig 2 BAU + Hayden BAU 2039 2030 2036 $ 39188 | $ 46,016
Costs / (Benefits) of Craig 2 Retirement Only| $ 6) % (45)
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$0/ton CO2 Analysis

Tables 2.13-21 through 2.13-23 show the costs and benefits of the decision to retire
PSCo’s shares of Craig 2 and Hayden 1 & 2 ahead of schedule by comparing the
preferred baseload scenario under $0/ton CO2 assumptions ($0/ton 7) and the two
additional scenarios that reflect the original retirement dates. The original retirement
dates are labeled BAU in the following tables.
results for all three units, and tables 2.13-22 and 2.13-23 show the results for the plants

individually.

Table 2.13-21 shows the combined

As can be seen from the tables, the combination of all accelerated retirements shows
net benefits when the cost of carbon is included, and near zero costs under a PVRR

view.

Table 2.13-21 $0/ton Craig 2 and Hayden 1 & 2 Retirement Decision Costs and

Benefits
PVRR
Craig 2 Hayden 1 Hayden 2 PVRR Utility Cost +
Retirement | Retirement | Retirement Utility Cost NPV CO2
Portfolios Date (EOY) | Date (EQY) | Date (EOY) | 2021-2055 ($M) | 2021-2055 ($M)
$0/ton 7 2028 2028 2027 $ 38,752 | $ 45,798
$0/ton 7 + Craig 2 BAU + Hayden BAU 2039 2030 2036 $ 38,745 $ 45,856
Costs / (Benefits) of Craig 2 + Hayden 1 & 2 Retirement| $ 719% (58)

Table 2.13-22 $0/ton Hayden 1 & 2 Only Retirement Decision Costs and

Benefits
PVRR
Craig 2 Hayden 1 Hayden 2 PVRR Utility Cost +
Retirement | Retirement | Retirement Utility Cost NPV CO2
Portfolios Date (EOY) | Date (EOY) | Date (EOY) | 2021-2055 ($M) | 2021-2055 ($M)
$0/ton 7 2028 2028 2027 $ 38,752 | $ 45,798
$0/ton 7 + Hayden BAU 2028 2030 2036 $ 38,800 | $ 45,907
Costs / (Benefits) of Hayden 1 & 2 Retirement Only| $ (48)| $ (108)

Table 2.13-23 $0/ton Craig 2 Only Retirement Decision Costs and Benefits

PVRR
Craig 2 Hayden 1 Hayden 2 PVRR Utility Cost +
Retirement Retirement Retirement Utility Cost NPV CO2
Portfolios Date (EOY) Date (EQY) Date (EOY) | 2021-2055 ($M) | 2021-2055 ($M)
$0/ton 7 + Hayden BAU 2028 2030 2036 $ 38800 (% 45,907
$0/ton 7 + Craig 2 BAU + Hayden BAU 2039 2030 2036 $ 38745 ( % 45 856
Costs [ (Benefits) of Craig 2 Retirement Only| $ 551% 51
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The results of this evaluation when considering both SCC and $0/ton indicate that the
costs and benefits of the early retirements of these units are relatively small.
Additionally, there are offsetting results — meaning that some retirements have less
impact under one view and more impact under another. These results, all fairly small,
are largely a function of (1) the relatively small size of these units compared to that of
the overall Public Service power supply system, (2) very small shift in retirement timing
in the case of Hayden 1 and only around ten years for the other units, and (3) the
influence of moving the retirement dates across the very significant “fence” of the 2030
carbon cap requiring an 80% reduction.

The full costs and benefits of the accelerated retirements of Craig 2 and Hayden 1 & 2
are reflected in the Average Annual Rate Impacts in Tables 2.13-2 through 2.13-16 for
the ERP portfolio and all of the CEP portfolios, as well as in all of the other modeling in
this ERP.
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2.14 MODELING INPUTS AND ASSUMPTIONS

This Section summarizes the key inputs and assumptions used in the Company’s
Phase | modeling and as proposed to be used for Phase Il modeling. Consistent with
past practice, the Company proposes to update the modeling inputs and assumptions
as necessary, consistent with the Commission’s Phase | Decision and prior to
commencement of the Phase Il competitive solicitation.

Capital Structure and Discount Rate

The rates shown in Table 2.14-1 are used to calculate the capital revenue requirements
of generic resources. The after-tax WACC of 6.53% is also used as the discount rate to
determine levelized cost calculations and the present value of modeled costs.

Table 2.14-1 Capital Structure

Discount Rate and Capital Structure

Capital Allowed Before Tax After Tax Electric
Structure Return Electric WACC WACC
Long-Term Debt 42.72% 4.09% 1.75% 1.32%
Common Equity 55.61% 9.30% 5.17% 5.17%
Short-Term Debt 1.67% 3.33% 0.06% 0.04%
Total 6.97% 6.53%

Gas Price Forecasts

To derive the forecast of monthly delivered gas prices at Henry Hub, the Company uses
a combination of market indicators such as NYMEX and various long-term price
forecasts published by highly respected, industry-leading sources such as Wood
Mackenzie, IHS Markit and S&P Global. The forecast is NYMEX-based for the first few
years, and then it transitions into blending the NYMEX curve with the three vendor
forecasts to develop a composite forecast. The Company used the following weightings
for each component at various time intervals: Balance of the year plus two years uses
100% NYMEX, and years 3 and beyond uses a simple average of NYMEX, Wood
Mackenzie, IHS Markit and S&P Global. The final years of the forecasts vary between
vendors; IHS Markit provides data out to 2050, Wood Mackenzie and S&P Global
through 2040, and NYMEX through 2031. The company uses linear extrapolation to
extend the data of each forecast out to 2050. The Henry Hub is also adjusted for
regional basis differentials and specific delivery costs for each generating unit to
develop final model inputs.

The annual average base gas price and relevant sensitivities are summarized in Table
2.14-2. Gas price sensitivities will be run in Phase | of the 2021 ERP. High and low gas
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price sensitivities adjust the growth rate up and down by 50 percent from the base gas
price starting in year 2023 when the long-term fundamentals-based forecasts are
blended with the market information (New York Mercantile Exchange futures prices).

Table 2.14-2 Fuel and Market Price Inputs

Base Price Forecast Low Price Forecast High Price Forecast

Fuel Price Fuel Price Fuel Price
($/mmBTu) Market Price ($/MWh) ($/mmBTu) Market Price ($/MWh) ($/mmBTu) Market Price ($/MWh)

Hub On-|Hub Off-

Generic CIG
Year| Coal RM | Peak
2021| $1.34 $2.73 | $26.96
2022| $1.36  $2.41 [ $24.09 $21.86| $21.56 @ $17.92
2023| $1.41 $2.64 [ $25.90 $24.05| $26.10 $21.56
2024 $1.41 $2.73 [ $25.84 $24.35| $26.15 $21.81
2025| $1.45 $2.85 [ $26.78 $25.21 | $27.16 @ $23.00
2026| $1.49 $2.93 [$28.79 $27.56 | $28.20  $24.80
2027| $1.53 $3.02 [ $28.23 $27.63 | $27.70  $24.97
2028| $1.57 $3.12 [$28.05 $28.62 | $28.22  $26.51
2029| $1.62 $3.29 [$28.89 $30.11 | $28.96 $27.76
2030| $1.65 $3.46 | $29.02 $31.63 | $30.12  $29.83
2031| $1.69 $3.61 | $29.78 $32.13 | $30.83 @ $30.81
2032| $1.73  $3.69 [ $30.90 $33.12 | $30.68 @ $31.03
2033| $1.77 $3.84 [ $31.02 $34.03 | $30.69 @ $31.75
2034| $1.81 $3.97 [ $31.24 $34.67 | $30.52 @ $32.25
2035 $1.85 $4.11 | $31.62 $35.32 | $30.65 $32.57
2036 $1.92 $4.25 | $32.37 $36.36 | $30.83 = $33.72
2037 $1.97 $4.31 | $32.26 $36.49 | $30.89  $34.07
2038 $2.02 = $4.45 | $32.47 $36.95| $31.01  $34.42
2039 $2.07 $4.62 | $32.51 $37.23 | $30.80 $34.81
2040 $2.11  $4.79 | $32.72 $37.91 | $31.18  $35.93
2041 $2.17 $4.91 | $33.21 $38.58 | $30.92 $36.10
2042 $2.23  $5.11 | $33.46 $38.94 | $31.34  $36.72
2043| $2.29  $5.31 | $33.62 $39.46 | $31.16 $37.17
2044 $2.35 $5.52 | $34.58 $40.56 | $32.16  $37.98
2045| $2.40 $5.68 | $34.57 $41.37 | $31.73 $38.48
2046| $2.46 $5.86 [ $35.06 $41.88 | $32.02  $38.81
2047| $2.52  $5.99 | $35.39 $42.90 | $32.40 $39.86
2048| $2.58 $6.17 | $35.81 $43.26 | $32.53 @ $40.55
2049| $2.65 $6.28 | $35.76 $43.61 | $32.50  $40.19 $3.91 $22.25 $27.14 | $20.22  $25.01
2050| $2.72 $6.42 | $36.59 $44.99 | $32.66 @ $40.71 $3.95 $22.52 $27.69 $20.10 $25.05
*Coal prices are delivered prices, while gas and market prices are hub prices.

Midway | Midway Hub On-|Hub Off-

On-Peak | Off-Peak

Midway
On-Peak | Off-Peak
$24.58  $20.21
$2.41 $24.09 $21.86 | $21.56 @ $17.92
$2.52 $24.77  $23.00 | $24.96 @ $20.62
$2.57 $24.28 $22.88 | $24.57 @ $20.49
$2.62 $24.64 $23.19 | $24.99 $21.16
$2.66 $26.14 $25.03 | $25.60 @ $22.52
$2.70 $25.24  $24.70 | $24.76 @ $22.32
$2.75 $24.66 $25.16 | $24.81 $23.31
$2.82 $24.76  $25.80 | $24.81  $23.79
$2.89 $24.26  $26.45 | $25.18 @ $24.95
$2.96 $24.37 $26.30 | $25.23 = $25.21
$2.99 $25.03 $26.83 | $24.85 @ $25.13
$3.05 $24.65 $27.04 | $24.39 = $25.23
$3.10 $24.39 $27.07 | $23.83 $25.18
$3.15 $24.30 $27.14 | $23.55 @ $25.03
$3.21 $24.45 $27.46 | $23.29 @ $25.47
$3.23 $24.19 $27.37 | $23.16 @ $25.55
$3.29 $23.96 $27.26 | $22.88 @ $25.40
$3.35 $23.56 $26.98 | $22.32  $25.22
$3.41 $23.27 $26.96 | $22.18 @ $25.56
$3.45 $23.35 $27.12 | $21.73 @ $25.38
$3.52 $23.07 $26.84 | $21.60 @ $25.31
$3.59 $22.73  $26.68 | $21.07 @ $25.13
$3.66 $22.95 $26.92 | $21.34  $25.20
$3.72 $22.61 $27.05 [ $20.75 $25.16
$3.77 $22.58 $26.97 | $20.62  $24.99
$3.82 $22.55 $27.33 | $20.65 @ $25.40
$3.87 $22.49  $27.17 | $20.43 @ $25.46

Midway Midway | Midway

On-Peak | Off-Peak

$2.41 $24.09 $21.86 | $21.56  $17.92
$2.75 $27.03 $25.10 | $27.24  $22.50
$2.90 $27.44 $25.86 | $27.77 $23.16
$3.09 $29.03  $27.32 | $29.44  $24.93
$3.22 $31.62  $30.27 | $30.97 $27.24
$3.37 $31.49 $30.82 [ $30.90 $27.85
$3.54 $31.79 $32.44 | $31.99  $30.05
$3.83 $33.59 $35.00 | $33.67 $32.28
$4.12 $34.54 $37.65 [ $35.85 $35.51
$4.39 $36.20 $39.07 | $37.49 $37.45
$4.53 $37.96 $40.69 | $37.69 $38.12
$4.80 $38.82 $42.60 | $38.42 $39.73
$5.06 $39.78 $44.15 | $38.87  $41.07
$5.31 $40.90 $45.69 [ $39.64  $42.13
$5.59 $42.58  $47.82 [ $40.55 $44.35
$5.71 $42.75 $48.36 | $40.93  $45.14
$5.99 $43.71  $49.74 | $41.75 $46.34
$6.33 $44.56 $51.02 | $42.22 $47.71
$6.69 $45.67 $52.90 [ $43.51 $50.14
$6.93 $46.90 $54.47 | $43.65 $50.97
$7.35 $48.17 $56.05 [ $45.11 $52.85
$7.79 $49.31 $57.88 [ $45.70 $54.52
$8.24 $51.66 $60.60 | $48.05 $56.74
$8.61 $52.41 $62.71 | $48.10 $58.34
$9.02 $53.97 $64.45 | $49.29  $59.74
$9.31 $55.03 $66.71 [ $50.39  $61.99
$9.73 $56.50 $68.26 | $51.32  $63.97
$10.00 $56.94 $69.44 [ $51.75  $63.99
$10.33 $58.89 $72.40 | $52.56  $65.51

Firm Fuel Charges

In the current 2021 ERP Phase | modeling, the Company applied a levelized charge of
$11.98/kW-yr to all new generic gas fired resources to represent an estimate of the
fixed costs associated with acquiring firm fuel supply to these generators either through
firm gas supply or fuel oil backup infrastructure. The Company is currently examining
this assumption and may provide an updated value for use in the Phase Il modeling.
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Market Prices

In addition to resources that exist within Colorado, the Company has access to markets
located outside its service territory. External markets modeled include Midway
(representing markets to the Colorado Front Range and Wyoming areas), Four Corners
(representing Western/Southwestern areas) and SPP (through the Lamar tie). The
modeling currently does not include interactions through the Lamar due to the limited
nature and typically higher cost of as-available transmission along this path.

To derive the forecast of monthly On and Off-peak electricity prices, the company uses
a simple average of long-term implied heat rate forecasts provided by Wood Mackenzie,
IHS Energy and S&P Global. The implied heat rates, denominated in MMBtu/MWh, are
then multiplied by the company’s long-term natural gas price forecast at a near location
to determine the On and Off-peak energy prices.

Annual average values for the Four Corners Market and Midway are summarized in
Table 2.14-2 and have zero CO2 cost assumptions

Coal Price Forecasts

Coal price forecasts are developed using two major inputs: the current coal contract
volumes and prices combined with current estimates of spot market coal volumes and
prices. Typically, coal volumes and prices are under contract on a plant-by-plant basis
for a one to five-year term with annual spot volumes and prices filling the estimated fuel
requirements of the coal plant. To derive the forecast of coal prices at mine mouth, the
company uses a simple average of long-term coal price forecasts provided by JD
Energy, Wood Mackenzie, IHS Energy and S&P Global. Layered on top of the coal
prices are transportation charges, freeze control and dust suppressant, as
required. The simple average annual coal price forecast is summarized in Table 2.14-2.

Reserve Margin

As discussed in the planning reserve margin study, in the 2021 ERP & CEP, the
Company will utilize a Planning Reserve Margin of 18% applied to the 50th Percentile
demand forecast. This study is provided for reference as Appendix A.

Surplus Capacity Credit

For each year in which the modeled portfolio includes firm generation capacity in excess
of the planning reserve margin (i.e. the periods in which the Company is long capacity),
surplus capacity will be credited at the equivalent cost of the generic CT up to an
excess of 200 MW for all twelve months of the year in the Phase | alternative plan
analysis and during Phase Il portfolio creation. The value of the surplus capacity credit
is shown below in Table 2.14-3.
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Table 2.14-3 Surplus Capacity Credit

Surplus Capacity Credit

Year $/kw-yr
2021 $82.19
2022 $83.56
2023 $84.97
2024 $86.40
2025 $87.85
2026 $89.34
2027 $90.86
2028 $92.41
2029 $93.99
2030 $95.60
2031 $97.25
2032 $98.92
2033 $100.63
2034 $102.37
2035 $104.16
2036 $105.97
2037 $107.82
2038 $109.71
2039 $111.63
2040 $113.60
2041 $115.60
2042 $117.65
2043 $119.73
2044 $121.86
2045 $124.02
2046 $126.24
2047 $128.50
2048 $130.80
2049 $133.14
2050 $135.54

Seasonal Capacity Purchases

The Company made a generic Seasonal Capacity Purchase available in the Phase |
modeling for 2024 in recognition that new generic resources would be difficult to place
in service in 2024 given the regulatory timing of this proceeding. If bids are received in
Phase Il with in-service dates and capacity that fully meet the summer of 2024’s firm
capacity need, this purchase will be removed from the model. In addition, for years in
which the planning reserve margin study indicated reserve margins in excess of 18%,
seasonal purchases were included to cover the amount of reserves required that are in
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excess of 18%. For Phase Il, these seasonal generic purchases will be removed from
the model.

CO2 Price Forecasts

Base modeling assumptions are either a $0/ton CO:2 proxy price or the SCC. The SCC
values utilized are shown in Table 2.14-4 below. The SCC values were developed from
the federal social cost of carbon, using the value calculated at a 3% discount rate,
labeled as “3% Average” in the federal Technical Support Document and converted to
nominal dollars per short ton to reflect the values used in modeling.
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Table 2.14-4 CO2 Cost Forecast

CO2 Costs ($ per short ton)

Year $0 CO2 SCC
2021 $0.00 $48.06
2022 $0.00 $50.19
2023 $0.00 $52.38
2024 $0.00 $54.64
2025 $0.00 $56.97
2026 $0.00 $59.38
2027 $0.00 $61.85
2028 $0.00 $64.40
2029 $0.00 $65.69
2030 $0.00 $68.37
2031 $0.00 $71.13
2032 $0.00 $73.98
2033 $0.00 $76.91
2034 $0.00 $79.93
2035 $0.00 $83.04
2036 $0.00 $86.24
2037 $0.00 $89.53
2038 $0.00 $92.93
2039 $0.00 $96.42
2040 $0.00 $100.01
2041 $0.00 $103.71
2042 $0.00 $105.79
2043 $0.00 $109.67
2044 $0.00 $113.67
2045 $0.00 $117.79
2046 $0.00 $122.02
2047 $0.00 $126.37
2048 $0.00 $130.85
2049 $0.00 $135.46
2050 $0.00 $140.20

Inflation / Construction Escalation Rates

The inflation rate used for construction (capital) costs, non-fuel variable O&M, fixed
O&M and any other escalation factor related to general inflationary trends is the long-
term forecast from HIS Economics for the “Chained Price Index for Consumer
Purchases” published in the first quarter of 2020. This rate is 2.0% and will be applied
throughout the entire planning period as a base assumption.
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DSM Forecasts

On July 3, 2017, the Company filed an application in Proceeding No. 17A-0462EG for
approval of a number of strategic issues relating to its DSM Plan, including long-term
electric energy savings and demand response goals. Per the Commission's decision
(Decision No. C14-0731) in the 2013 Strategic Issues proceeding (Proceeding No. 13A-
0686EG), the Company has continued to use the approved demand response targets
for purposes of determining resource need. Since the approved goals extend only
through 2023, the current assumption is that levels of demand response remain
constant after 2023 for purposes of resource need determination. Table 2.14-5 reflects
the approved demand response goals and Table 2.14-6 reflects the Company’s
forecasted demand response capacity. The additional ordered 75 MW of energy
efficiency demand reduction reflected directly in the load forecast.

Table 2.14-5 Demand Response Goals (MW)

Demand Response 2021 | 2022 | 2023

Strategic Issues DR Goal 489 | 503 | 520
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Table 2.14-6 Demand Response Goals (MW)

Demand Response(MW)

Un-Adjusted For Adjusted For Reserve
Year Reserve Margin Margin
2021 527 622
2022 527 622
2023 561 669
2024 561 669
2025 561 662
2026 586 691
2027 586 691
2028 586 691
2029 586 691
2030 605 714
2031 605 714
2032 605 714
2033 605 714
2034 605 714
2035 605 714
2036 605 714
2037 605 714
2038 605 714
2039 605 714
2040 605 714
2041 605 714
2042 605 714
2043 605 714
2044 605 714
2045 605 714
2046 605 714
2047 605 714
2048 605 714
2049 605 714
2050 605 714

Section 2.4 details the Company’s demand-side management forecasts and the policies
that inform those forecasts.
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Transmission Network Upgrade Costs

Estimates of transmission network upgrades costs for the Phase | generic resources are
included in the generic resource cost estimates. For Phase IlI, transmission network
upgrade costs include: (1) those within an existing switching station or substation
(“station”) or the creation of a new interconnection station, and (2) those outside the
interconnection station. In Phase Il, the Company will allocate the first type of
transmission network upgrade costs fully to the proposed bid(s) requiring those
upgrades. The second type of costs will be allocated on a MW pro-rata share of
upgrades needed for each individual bid for Phase Il analyses purposes. However, the
Company will not assign transmission network upgrade costs to projects that utilize
existing transmission capacity or that utilize transmission projects for which the
Company has been granted a Certificate of Public Convenience and Necessity at the
time of the bid evaluation or Commission approval of a portfolio of transmission
expansion projects. See Sections 3.6 and Appendix C in the Volume 3 Request for
Proposal documents for additional process detail.

Transmission Interconnection Costs

Estimates of transmission interconnection costs for the Phase | generic resources are
included in the generic resource cost estimates. Following bid submittal in a Phase Il
competitive solicitation the Company will review and estimate, as necessary, both the
developer-borne and the transmission-provider-borne costs for proposed projects. See
Sections C.3 and C.5 and Appendix C in the Volume 3 Request for Proposal documents
for additional process detail.

Generation Capacity Credit for Wind Resources

Wind resources existing at the start of 2023 receive 13.4% of generation capacity credit
in Phase | and Phase Il modeling based on the Company’s most recent wind ELCC
study. For Phase | modeling purposes, incremental, generic wind resources received
generation capacity credit as shown in Table 2.14-7.

Table 2.14-7 Phase | Wind ELCC Assumptions

Generic Wind ELCC

0-1000 MW 19.4%
> 1000 MW 14.5%

For initial Phase Il portfolio selection purposes, individual, incremental wind generation
resources will receive generation capacity credit consistent with the proposed
nameplate capacity and ERZ as found in the Company’s most recent wind ELCC study.
A table of this information (found in Figure 6 and Table A-5 from the ELCC study) is
provided in Table 2.14-8. ERZ-5 (50%) and ERZ-5 (44%) are the ELCCs determined
for a 50% net capacity factor (“NCF”) and a 44% NCF wind generator in ERZ-5,
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respectively. The Company will interpolate between Incremental MW as shown in Table
2.14-8 to accommodate actual Phase Il proposals.

Table 2.14-8 Phase Il Average ELCC Applied to Incremental Wind MW

Incremental ERZ-5 ERZ-5
MW (50%) (44%)
250 159% 12.8% 33.6% 24.2% 17.6%
500 145% 12.1% 31.1% 22.6% 16.7%

1,000 12.3% 11.2% 26.9% 20.2% 15.1%
2,000 9.6% 9.9% 20.1%  16.5%  12.5%
3,000 8.1% 9.0% 154% 14.2%  10.8%

As the ELCC study documented the impact that generation technology, penetration, and
geographic diversity has on portfolio ELCC, the actual ELCC afforded any particular bid
in final Phase Il modeling and portfolio selection will likely differ from the values shown
in Table 2.14-8; a map illustrating the relative geographic areas of each of the four
ERZs shown in the Table is included in the ELCC study. Additionally, ELCC may be
adjusted for resources that propose annual net capacity factors that materially differ
from the 50% annual NCF assumed in the ELCC study. See Section 2.17 for further
discussion of the process through which portfolio ELCC will be determined in Phase I
modeling.

Generation Capacity Credit for Solar Resources

Utility solar resources existing at the start of 2023 receive 47.9% of generation capacity
credit in Phase | and Phase Il modeling based on the Company’s most recent solar
ELCC study. For Phase | modeling purposes, incremental, generic utility solar
resources received generation capacity credit as shown in Table 2.14-9.

Table 2.14-9 Phase | Generic Utility Solar ELCC

Generic Solar ELCC

0-1000 MW 19.6%
> 1000 MW 10.5%

For initial Phase Il portfolio selection purposes, individual, incremental utility solar
generation resources will receive generation capacity credit consistent with the
proposed nameplate capacity and solar zone as found in the Company’s most recent
solar ELCC study. A table of this information (found in Figure 3 and Table A-4 from the
ELCC study) is provided in Table 2.14-10; a map illustrating the relative geographic
areas of each of the six solar resource zones shown in the Table is included in the
ELCC study. The Company will interpolate between Incremental MW as shown in
Table 2.14-10 to accommodate actual Phase Il proposals.
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Table 2.14-10 Phase Il Average ELCC Applied to Incremental Utility Solar MW

Incremental

MW MTN NFR SE SFR SLV WS
100 21.4% 33.5% 29.3% 15.4% 28.4% 36.3%
250 19.6% 31.7% 27.4% 14.5% 26.2% 32.8%
500 16.9% 29.0% 24.3% 12.8% 22.5% 28.6%
1,000 13.3% 23.9% 19.4% 10.5% 17.2% 22.6%
2,000 9.7% 16.8% 13.7% 8.1% 11.8% 15.4%
3,000 7.8% 12.5% 10.6% 6.8% 9.3% 11.4%

Phase Il ELCCs may be adjusted from the values in the table for resources that propose
annual net capacity factors that materially differ from the assumed 30% annual NCF or
for projects that are located distant from the metered resources used in the ELCC study.
As the ELCC study documented the impact that generation technology, penetration, and
geographic diversity has on portfolio ELCC, the actual ELCC assigned to any particular
bid in final Phase Il modeling will likely differ from the values shown in Table 2.14-10.
See Section 2.16 for further discussion of the process through which portfolio ELCC will
be determined in Phase Il modeling.

Generation Capacity Credit for Hydro and Storage Resources

Based on the Company’s most recent ELCC study, in Phase | and Phase Il modeling:
(1) existing hydro generation resources receive 55.4%, (2) the Company’s existing
Cabin Creek pumped hydro facility receives 91.7%, and (3) the storage components of
solar hybrid facilities existing at the start of 2023 receive 60.4% in generation capacity
credit. Generic 4-hour duration battery resources modeled in Phase | received
generation capacity credit as shown in Table 2.14-11.

Table 2.14-11 Phase | Generic 4-Hour Duration Storage ELCC

Generic Battery ELCC
0-1000 MW 55.0%

> 1000 MW 37.0%

For initial Phase Il portfolio selection purposes, incremental storage resources will
receive generation capacity credit consistent with the proposed nameplate capacity and
duration as found in the Company’s most recent ELCC study. A table of this information
(found in Figure 8 and Table A-7 from the ELCC study) is provided below in Table 2.14-
12. The Company will interpolate between Incremental MW and Duration values as
shown in Table 2.14-12 to accommodate actual Phase Il proposals for initial portfolio
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selection purposes. These values will apply to both standalone storage proposals and
the storage component of renewable hybrid proposals.

Table 2.14-12 Phase Il Average ELCC Applied to Incremental Storage

Incremental 2-Hour 4-Hour  8-Hour

MW Duration Duration Duration
50 48.8% 68.1% 92.3%
100 45.9% 65.0% 90.4%
250 39.7% 58.8% 85.2%
500 32.8% 51.0% 75.1%
1,000 26.1% 39.9% 55.3%
2,000 20.0% 27.5% 35.2%
3,000 16.3% 21.3% 25.7%

As the ELCC study documented the impact that generation technology, penetration, and
geographic diversity has on portfolio ELCC, the actual ELCC afforded any particular
storage bid in final Phase Il modeling will likely differ from the values shown in Table
2.14-12. See Section 2.16 for further discussion of the process through which portfolio
ELCC will be determined in Phase Il modeling.

Resource Acquisition Period

Pursuant to SB 19-236, the Company’s ERP must utilize a RAP that extends through
2030. Resources must be in-service prior to the Company’s summer peak reliability
season to fill the 2030 resource need; therefore, resources must propose in-service
dates no later than May 1, 2030.

Planning Period

Planning Period means the future period for which a utility develops its ERP and the
period over which net present value of revenue requirements for resources are
calculated. Pursuant to Rule 3602(k), the planning period is 20 to 40 years and begins
from the date the utility files its plan with the Commission. The planning period is from
March 31, 2021 — June 1, 2055. For purposes of modeling, the capacity expansion
plans will be developed for 2023-2050, and the production costs from 2050 will be
repeated without escalation for 5 years through 2055 and included in all NPV
calculations of the plans.
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SO Effluent Costs and Allocations

SOz is controlled through the Acid Rain program in Colorado. Through this program,
the Company has excess SO: allowances because of the use of low sulfur coal and
scrubber retrofits at the Arapahoe, Cherokee, Hayden, and Valmont units. Therefore,
the Company does not anticipate that it will have to purchase any allowances for SO2
under current or reasonably foreseeable legislation. Therefore, the Company assigns
no effluent costs or allocations to SO2. SO: effluent costs (as measured in $/ton) will
remain zero unless a major change in legislation occurs during the deliberation of the
ERP.

NOx Effluent Costs and Allocations

There is no trading program for sources of NOx in Colorado; therefore, no cost is
applied to NOx emissions. The primary programs that reduce NOx are the Regional
Haze Rule through the application of the Best Available Retrofit Technology program,
which seeks to achieve further reasonable progress towards long term visibility goals in
Class | areas like national parks and wilderness areas. The Denver ozone State
Implementation Plan (“SIP”) is also another driver for NOx reductions. As a result, the
costs of NOx reductions are embedded in capital and operating costs of the resources
included in the SIP (e.g., the Selective Catalytic Reduction additions to Pawnee and
Hayden). NOx effluent costs (as measured in $/ton) will remain zero unless a major
change in legislation occurs during the deliberation of the ERP.

Mercury Effluent Costs and Allocations

Mercury is also controlled as a command and control rule through the Colorado Mercury
Rule. Therefore, there is no cap and trade for mercury either and effluent costs and
allocations will be assigned a zero cost in the Phase | alternative plan analysis. As with
SO2 and NOx, costs associated with controlling these emissions were captured in the
resource costs. Mercury effluent costs (as measured in $/ton) will remain zero unless a
major change in legislation occurs during the deliberation of the ERP.

Spinning Reserve Requirement

Spinning Reserve is the on-line reserve capacity that is synchronized to the grid to
maintain system frequency stability during contingency events and unforeseen load
swings. The level of spinning reserve modeled was consistent with the NWPP
requirements. The cost of spinning reserve is inherently embedded in the EnCompass
model by assigning a spin requirement and the spinning capability of each resource.
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Emergency Energy Costs

Emergency Energy Costs are included in the EnCompass model if there are not enough
resources available to meet energy requirements. In the model, the cost was set at an
arbitrary very high cost ($1 million/MWh) to ensure the model makes every effort to
avoid emergency energy (which is synonymous with curtailed firm load). Emergency
energy costs occur only in rare instances; however, it does appear in some plans in
very small amounts. To ensure large swings in plan costs are not created by these
small amounts, for purposes of determining NPV these $1 million costs were replaced in
post-processing with more reasonable values of $2,000/MWh ($2020) escalating at 2%.

Wind/Solar Integration Costs and Storage Integration Credits

Table 2.14-13 provides the wind and solar integration costs for existing and generic
wind and solar resources assumed in Phase | modeling. These values are based upon
the Company’s most recent Solar and Wind Integration Cost study which is documented
in Appendix D. The wind integration costs and storage integration cost credits to be
applied in Phase Il bid evaluations will be increased by an additional $0.07/MWh to
include the component of wind integration costs determined in the Company’s prior
integration cost studies for the gas storage component of such costs. Incremental
storage resources receive an integration cost credit applied to the storage device’s
discharge MWh.
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Table 2.14-13 Phase | Wind and Solar Integration Costs and Storage
Integration Cost Credits

Integration
Integration Costs ($/MWh) Credit ($/MWh)
Existin Generic  Existin Generic
vear Windg Wind Solarg Solar Storage
2021 $1.84 $2.47 $0.30 $0.50 $2.98
2022 $1.68 $2.31 $0.20 $0.40 $2.72
2023 $1.80 $2.43 $0.27 $0.47 $2.90
2024 $1.85 $2.48 $0.30 $0.50 $2.98
2025 $1.91 $2.54 $0.34 $0.54 $3.07
2026 $1.94 $2.57 $0.36 $0.56 $3.14
2027 $1.99 $2.62 $0.39 $0.59 $3.21
2028 $2.04 $2.67 $0.42 $0.62 $3.29
2029 $2.13 $2.76 $0.47 $0.67 $3.43
2030 $2.21 $2.84 $0.52 $0.72 $3.56
2031 $2.29 $2.92 $0.57 $0.77 $3.68
2032 $2.33 $2.96 $0.59 $0.79 $3.74
2033 $2.40 $3.03 $0.63 $0.83 $3.86
2034 $2.47 $3.10 $0.67 $0.87 $3.97
2035 $2.53 $3.16 $0.71 $0.91 $4.07
2036 $2.60 $3.23 $0.76 $0.96 $4.19
2037 $2.64 $3.27 $0.78 $0.98 $4.24
2038 $2.71 $3.34 $0.82 $1.02 $4.35
2039 $2.79 $3.42 $0.87 $1.07 $4.49
2040 $2.88 $3.51 $0.92 $1.12 $4.63
2041 $2.94 $3.57 $0.96 $1.16 $4.72
2042 $3.03 $3.66 $1.01 $1.21 $4.88
2043 $3.14 $3.77 $1.08 $1.28 $5.04
2044 $3.24 $3.87 $1.14 $1.34 $5.20
2045 $3.32 $3.95 $1.19 $1.39 $5.34
2046 $3.41 $4.04 $1.24 $1.44 $5.48
2047 $3.47 $4.10 $1.28 $1.48 $5.58
2048 $3.56 $4.19 $1.33 $1.53 $5.72
2049 $3.62 $4.25 $1.37 $1.57 $5.82
2050 $3.69 $4.32 $1.41 $1.61 $5.93
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Owned Unit Modeled Operating Characteristics and Costs

Company-owned units were modeled based upon their tested operating characteristics
and historical or projected costs. Below is a list of operating and cost inputs for each
Company-owned resource:

Maximum Capacity

Minimum Capacity Rating
Seasonal Deration

Heat Rate Profiles

Variable O&M

Fixed O&M

Maintenance Schedule

Forced Outage Rate

Emission rates for SO2, NOx, COz2, Mercury and PM
Contribution to spinning reserve
Fuel prices

Fuel delivery charges

AT T S@meoooTy

Thermal PPA Operating Characteristics and Costs

PPA are modeled based upon their tested operating characteristics and contracted
costs. Below is a list of operating and cost inputs for each thermal purchase power
contract:

Contract term

Maximum Capacity

Minimum Capacity Rating

Seasonal Deration

Heat Rate Profiles

Energy Schedule

Capacity Payments

Energy Payments

Maintenance Schedule

Forced Outage Rate

Emission rates for SOz, NOx, CO2, Mercury and PM

Contribution to spinning reserve
. Fuel prices

Fuel delivery charges

S3ITATTSTQ@T0o00T
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Renewable Energy PPA Operating Characteristics and Costs

PPAs are modeled based upon their tested operating characteristics and contracted
costs. Below is a list of operating and cost inputs for each renewable energy purchase

power contract:

Contract term

Name Plate Capacity
Accredited Capacity
Annual Energy
Hourly Patterns
Capacity Payments
Energy Payments
Integration Costs

~S@—meoooTw

Emission rates for SO2, NOx, COz2, Mercury and PM if applicable

Integration and cycling costs will be updated as addressed elsewhere in this document.

Load Forecast

A discussion of the load forecast and methodology is available in Section 2.2, and a
discussion of the resource need assessment is available in Section 2.12. Table 2.14-14
below summarizes the Company’s Phase | projection of resource need.

The forecast shown in Tables 2.14-15 and 2.14-16 further below do not include the
impact of DG solar, as DG solar is modeled as a resource, not a load modifier.

Table 2.14-14 Public Service Resource Need Forecast

2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
Resource Need (MW) - - - - -| 203 | 67211354 |1411 | 1,474
Resource Need (MW) w/
Announced Early Coal Retirements - - - - -| 203 | 6721452 |1,684 | 1,747
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Table 2.14-15 Demand and Energy Forecast with and Without EV

Demand and Energy Forecast

Demand (MW) Energy (GWh)
Year Forecast with EV Forecast without EV Forecast with EV Forecast without EV
2021 6,856 6,847 33,010 32,943
2022 6,973 6,962 32,929 32,793
2023 6,951 6,930 33,151 32,884
2024 6,978 6,944 33,766 33,328
2025 7,031 6,985 34,170 33,567
2026 6,906 6,847 33,737 32,968
2027 6,986 6,913 34,131 33,167
2028 7,063 6,972 34,685 33,470
2029 7,130 7,015 35,104 33,570
2030 7,219 7,075 35,627 33,690
2031 7,306 7,129 36,178 33,780
2032 7,413 7,201 36,895 34,016
2033 7,478 7,230 37,462 34,081
2034 7,558 7,273 38,118 34,216
2035 7,665 7,341 38,899 34,465
2036 7,774 7,412 39,805 34,833
2037 7,862 7,461 40,516 34,998
2038 7,963 7,523 41,313 35,243
2039 8,069 7,590 42,069 35,442
2040 8,159 7,639 42,823 35,622
2041 8,216 7,656 43,379 35,593
2042 8,285 7,685 44,002 35,643
2043 8,129 7,493 43,298 34,412
2044 8,195 7,523 43,969 34,573
2045 8,245 7,535 44,466 34,522
2046 8,313 7,562 45,091 34,559
2047 8,389 7,596 45,762 34,621
2048 8,461 7,628 46,520 34,798
2049 8,509 7,640 46,991 34,759
2050 8,576 7,701 47,645 35,242
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Table 2.14-16 Annual Peak Demand Forecast with EV

Annual Peak Demand Forecast with EV

Summer Winter
Year Month Year MW Month | MW  Month
2021 7 2021 6,856 7 5,206 12
2022 7 2022 | 6,973 7 5,349 12
2023 7 2023 | 6,951 7 5,352 12
2024 7 2024 6,978 7 5,358 12
2025 7 2025 | 7,031 7 5,412 12
2026 7 2026 | 6,906 7 5,161 12
2027 7 2027 | 6,986 7 5,210 12
2028 7 2028 | 7,063 7 5,252 12
2029 7 2029 | 7,130 7 5,317 12
2030 7 2030 | 7,219 7 5,375 12
2031 7 2031 | 7,306 7 5,428 12
2032 7 2032 | 7,413 7 5,438 12
2033 7 2033 | 7,478 7 5,503 12
2034 7 2034 | 7,558 7 5,560 12
2035 7 2035 | 7,665 7 5,639 12
2036 7 2036 7,774 7 5,710 12
2037 7 2037 7,862 7 5,795 12
2038 7 2038 | 7,963 7 5,872 12
2039 7 2039 | 8,069 7 5,945 12
2040 7 2040 | 8,159 7 5,990 12
2041 7 2041 | 8,216 7 6,041 12
2042 7 2042 8,285 7 6,083 12
2043 7 2043 | 8,129 7 5,810 12
2044 7 2044 | 8,195 7 5,835 12
2045 7 2045 | 8,245 7 5,883 12
2046 7 2046 | 8,313 7 5,925 12
2047 7 2047 | 8,389 7 5,969 12
2048 7 2048 | 8,461 7 5,999 12
2049 7 2049 8,509 7 6,041 12
2050 7 2050 | 8,576 7 6,089 12
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Table 2.14-17 EV Demand and Energy Forecast

EV Forecast

Year Demand (MW) Energy (GWh)
2021 10 67
2022 11 137
2023 21 267
2024 34 438
2025 46 603
2026 59 769
2027 73 964
2028 91 1,214
2029 115 1,534
2030 144 1,937
2031 177 2,397
2032 212 2,879
2033 248 3,381
2034 286 3,902
2035 324 4,434
2036 362 4,973
2037 401 5,518
2038 440 6,069
2039 479 6,627
2040 519 7,202
2041 560 7,786
2042 600 8,359
2043 636 8,886
2044 671 9,397
2045 709 9,944
2046 750 10,532
2047 793 11,141
2048 834 11,723
2049 868 12,232
2050 875 12,402

*Demand values are coincident to system peak.
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Base Distributed Enerqy Resource Forecasts

Table 2.14-18 Distributed Solar Nameplate Capacity Forecast

Distributed Solar (Nameplate MW)

Year Behind the  Community Total
Meter Gardens

2021 496 118 614
2022 561 185 747
2023 629 252 882
2024 686 319 1,005
2025 726 385 1,111
2026 769 451 1,220
2027 815 516 1,331
2028 872 582 1,454
2029 950 646 1,596
2030 1,046 711 1,757
2031 1,134 775 1,910
2032 1,211 839 2,050
2033 1,291 901 2,192
2034 1,374 961 2,335
2035 1,460 1,019 2,480
2036 1,549 1,079 2,628
2037 1,641 1,135 2,776
2038 1,735 1,184 2,919
2039 1,831 1,225 3,056
2040 1,928 1,268 3,196
2041 2,023 1,293 3,316
2042 2,114 1,293 3,407
2043 2,205 1,293 3,498
2044 2,297 1,293 3,590
2045 2,387 1,293 3,680
2046 2,473 1,293 3,766
2047 2,556 1,293 3,849
2048 2,636 1,293 3,929
2049 2,715 1,293 4,008
2050 2,791 1,293 4,084

*Demand values are July numbers.
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The distributed solar and Community Solar Gardens inputs are based on the most
recent Company forecasts. Distributed Solar is modeled assuming a degradation of half
a percent annually in generation. Community Solar Gardens are modeled assuming a
degradation of half a percent annually in generation, and a 25-year service life.

Table 2.14-19 Distributed Solar Firm Capacity Forecast

Distributed Solar (Firm MW)

Year Behind the Community Total
Meter Gardens

2021 172 71 243
2022 195 111 306
2023 119 102 221
2024 119 103 222
2025 125 121 246
2026 130 138 269
2027 136 155 291
2028 144 171 314
2029 153 186 339
2030 164 201 365
2031 175 215 389
2032 183 228 411
2033 191 240 431
2034 200 251 450
2035 208 260 468
2036 216 270 486
2037 224 277 501
2038 231 283 514
2039 239 284 522
2040 245 285 530
2041 252 290 542
2042 257 297 554
2043 262 304 566
2044 266 310 576
2045 270 315 586
2046 274 320 594
2047 276 325 601
2048 279 329 607
2049 281 332 613
2050 282 335 617

*Demand values are coincident to system peak.
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Low Load Forecast

The forecasts shown below do not include the impact of DG solar, as DG solar is
modeled as a resource, not a load modifier.

Table 2.14-20 Demand and Energy Forecast (Low)

Demand and Energy Forecast

Demand (MW) Energy (GWh)
Year Forecast with EV Forecast without EV Forecast with EV Forecast without EV
2021 6,856 6,847 33,010 32,943
2022 6,973 6,962 32,745 32,608
2023 6,936 6,915 32,874 32,607
2024 6,944 6,910 33,341 32,903
2025 6,960 6,914 33,554 32,950
2026 6,799 6,740 32,965 32,196
2027 6,855 6,782 33,255 32,292
2028 6,896 6,804 33,652 32,437
2029 6,945 6,830 34,015 32,482
2030 7,012 6,868 34,470 32,533
2031 7,076 6,899 34,950 32,552
2032 7,148 6,936 35,535 32,657
2033 7,196 6,948 36,060 32,678
2034 7,251 6,965 36,635 32,734
2035 7,319 6,996 37,276 32,842
2036 7,379 7,017 37,980 33,007
2037 7,437 7,036 38,592 33,075
2038 7,500 7,060 39,249 33,180
2039 7,573 7,093 39,889 33,262
2040 7,631 7,112 40,537 33,335
2041 7,679 7,119 41,084 33,297
2042 7,731 7,131 41,668 33,309
2043 7,555 6,919 40,917 32,030
2044 7,593 6,922 41,485 32,089
2045 7,636 6,926 41,976 32,032
2046 7,686 6,936 42,561 32,029
2047 7,741 6,948 43,180 32,038
2048 7,783 6,949 43,824 32,101
2049 7,822 6,954 44,286 32,053
2050 7,869 6,996 44,883 32,486
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Table 2.14-21 Demand Forecast with EV

Annual Peak Demand Forecast with EV

Summer Winter
Year Month Year MW Month | MW  Month
2021 7 2021 6,856 7 5,206 12
2022 7 2022 6,973 7 5,349 12
2023 7 2023 | 6,936 7 5,349 12
2024 7 2024 | 6,944 7 5,344 12
2025 7 2025 | 6,960 7 5,373 12
2026 7 2026 6,799 7 5,099 12
2027 7 2027 6,855 7 5,134 12
2028 7 2028 | 6,896 7 5,155 12
2029 7 2029 | 6,945 7 5,215 12
2030 7 2030 7,012 7 5,267 12
2031 7 2031 | 7,076 7 5,312 12
2032 7 2032 7,148 7 5,304 12
2033 7 2033 | 7,196 7 5,363 12
2034 7 2034 7,251 7 5,407 12
2035 7 2035 7,319 7 5,467 12
2036 7 2036 7,379 7 5,509 12
2037 7 2037 7,437 7 5,579 12
2038 7 2038 | 7,500 7 5,636 12
2039 7 2039 | 7,573 7 5,693 12
2040 7 2040 7,631 7 5,725 12
2041 7 2041 7,679 7 5,776 12
2042 7 2042 7,731 7 5,812 12
2043 7 2043 | 7,555 7 5,531 12
2044 7 2044 | 7,593 7 5,545 12
2045 7 2045 | 7,636 7 5,592 12
2046 7 2046 | 7,686 7 5,631 12
2047 7 2047 7,741 7 5,667 12
2048 7 2048 | 7,783 7 5,680 12
2049 7 2049 7,822 7 5,720 12
2050 7 2050 7,869 7 5,754 12
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Table 2.14-22 EV Forecast

EV Forecast

Year Demand (MW) Energy (GWh)
2021 10 67
2022 11 137
2023 21 267
2024 34 438
2025 46 603
2026 59 769
2027 73 964
2028 91 1,214
2029 115 1,534
2030 144 1,937
2031 177 2,397
2032 212 2,879
2033 248 3,381
2034 286 3,902
2035 324 4,434
2036 362 4,973
2037 401 5,518
2038 440 6,069
2039 479 6,627
2040 519 7,202
2041 560 7,786
2042 600 8,359
2043 636 8,886
2044 671 9,397
2045 709 9,944
2046 750 10,532
2047 793 11,141
2048 834 11,723
2049 868 12,232
2050 873 12,397

*Demand values are coincident to system peak.
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Table 2.14-23 Distributed Solar Forecast (Nameplate MW)

Distributed Solar (Nameplate MW)

Year Behind the Meter Community Gardens Total

2021 496 123 619
2022 561 206 768
2023 629 296 925
2024 705 385 1,089
2025 783 473 1,256
2026 865 561 1,426
2027 953 649 1,602
2028 1,047 736 1,782
2029 1,145 822 1,968
2030 1,250 909 2,159
2031 1,360 994 2,354
2032 1,475 1,080 2,555
2033 1,596 1,164 2,759
2034 1,721 1,245 2,966
2035 1,851 1,324 3,175
2036 1,985 1,405 3,390
2037 2,123 1,482 3,605
2038 2,264 1,552 3,816
2039 2,407 1,613 4,020
2040 2,552 1,676 4,228
2041 2,697 1,718 4,415
2042 2,842 1,724 4,566
2043 2,987 1,724 4,711
2044 3,130 1,724 4,854
2045 3,270 1,724 4,994
2046 3,407 1,724 5,131
2047 3,541 1,724 5,265
2048 3,670 1,724 5,394
2049 3,794 1,724 5,518
2050 3,914 1,724 5,638

*Demand values are July numbers.
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Table 2.14-24 Distributed Solar (Firm MW)

Distributed Solar (Firm MW)

Year Behind the Meter Community Gardens Total
2021 172 74 246
2022 195 123 319
2023 119 119 238
2024 122 122 244
2025 132 145 277
2026 143 167 310
2027 154 188 342
2028 165 208 373
2029 176 227 403
2030 188 244 432
2031 199 261 459
2032 210 276 486
2033 221 289 510
2034 231 301 532
2035 241 311 552
2036 250 321 571
2037 259 328 587
2038 266 333 599]
2039 273 333 606
2040 278 332 611
2041 283 336 618
2042 286 340 626
2043 288 344 632
2044 289 347 636
2045 289 349 638
2046 287 350 637
2047 285 350 635
2048 282 349 631
2049 278 348 626
2050 273 345 619|

*Demand values are coincident to summer system peak.
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Roadmap?38 Load Forecast

The forecasts shown do not include the impact of DG solar, as DG solar is modeled as
a resource, not a load modifier.

38 As discussed in Section 2.2, the Company’s high scenario is referred to as the Roadmap scenario.
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Table 2.14-25 Demand and Energy Forecast (Roadmap)3°®

Demand and Energy Forecast

Demand (MW) Energy (GWh)
Year Forecast with EV/BE Forecast without EV/BE | Forecast with EV/BE Forecast without EV/BE
2021 6,875 6,856 33,188 33,010
2022 7,002 6,973 33,352 32,929
2023 6,996 6,951 33,819 33,151
2024 7,042 6,978 34,702 33,766
2025 7,120 7,031 35,452 34,170
2026 7,023 6,906 35,421 33,737
2027 7,133 6,986 36,234 34,131
2028 7,237 7,063 37,181 34,685
2029 7,328 7,130 37,951 35,104
2030 7,441 7,219 38,826 35,627
2031 7,558 7,306 39,883 36,178
2032 7,697 7,413 41,162 36,895
2033 7,798 7,478 42,351 37,462
2034 7,917 7,558 43,695 38,118
2035 8,067 7,665 45,238 38,899
2036 8,224 7,774 46,972 39,805
2037 8,363 7,862 48,575 40,516
2038 8,519 7,963 50,333 41,313
2039 8,686 8,069 52,122 42,069
2040 8,840 8,159 53,976 42,823
2041 8,962 5,659 54,858 43,379
2042 9,005 5,585 55,778 44,002
2043 8,855 5,422 55,382 43,298
2044 9,195 5,529 56,346 43,969
2045 9,419 5,639 57,071 44,466
2046 9,702 5,815 57,839 45,091
2047 9,795 5,794 58,623 45,762
2048 9,690 5,682 59,516 46,520
2049 9,882 5,751 60,181 46,991
2050 10,001 5,820 60,984 47,619

39 The decrease in peak demand exclusive of EV demand beginning in 2041 reflects the shift to a winter
peaking system.
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Table 2.14-26 Demand Forecast (Roadmap) with EV

Annual Peak

Year Month

~

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

NONN N NN NN N NN N NN N N N NN

[ Y [
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Demand Forecast with EV/BE

Summer Winter
Year MW Month | MW  Month
2021 6,875 7 5,255 12
2022 | 7,002 7 5,404 12
2023 | 6,996 7 5,434 12
2024 | 7,042 7 5,484 12
2025 7,120 7 5,581 12
2026 | 7,023 7 5,359 12
2027 7,133 7 5,458 12
2028 7,237 7 5,542 12
2029 | 7,328 7 5,717 12
2030 7,441 7 5,805 12
2031 | 7,558 7 5,937 12
2032 | 7,697 7 6,016 12
2033 | 7,798 7 6,246 12
2034 | 7,917 7 6,432 12
2035 | 8,067 7 6,882 12
2036 | 8,224 7 6,989 12
2037 | 8,363 7 7,298
2038 | 8,519 7 7,766
2039 | 8,686 7 8,202 12
2040 | 8,840 7 8,799 12
2041 | 8,909 7 8,962 12
2042 | 8,989 7 9,005 12
2043 | 8,843 7 8,855 1
2044 8,919 7 9,195 12
2045 | 8,973 7 9,419 12
2046 | 9,039 7 9,702 12
2047 9,111 7 9,795 12
2048 | 9,181 7 9,690
2049 9,229 7 9,882
2050 | 9,341 7 10,001
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Table 2.14-27 EV and Beneficial Electrification Forecast4°

EV and BE Forecast

Year Demand (MW) Energy (GWh)
2021 19 178
2022 29 423
2023 46 668
2024 64 936
2025 89 1,282
2026 117 1,684
2027 147 2,104
2028 174 2,496
2029 198 2,847
2030 222 3,200
2031 252 3,706
2032 284 4,268
2033 320 4,889
2034 359 5,577
2035 402 6,340
2036 450 7,167
2037 501 8,059
2038 557 9,021
2039 617 10,053
2040 681 11,153
2041 3,303 11,478
2042 3,420 11,777
2043 3,433 12,084
2044 3,666 12,377
2045 3,780 12,605
2046 3,887 12,747
2047 4,001 12,861
2048 4,008 12,996
2049 4,131 13,189
2050 4,181 13,365

* Demand values are coincident to system peak.

40 The significant increase in demand beginning in 2041 coincides with the shift to a winter peaking
system under this forecast.
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Market Purchases and Sales Carbon Rate

In order to estimate emissions rates associated with market purchases, the Company
assumes an annual average carbon emissions pounds/MWh rate, as shown in the table
below. These estimates are the same as used in the Air Quality Control Commission
(“AQCC”) CEP verification workbook developed through the collaborative process

coordinated by the AQCC.

Table 2.14-28 Carbon Dioxide Cap

CO2 Ton Cap

Year ERP CEP

2021 - -
2022 - -
2023 - -
2024 - -
2025 - -
2026 11,671,259 11,671,259
2027 11,671,259 11,671,259
2028 11,671,259 11,671,259
2029 11,671,259 11,671,259
2030 11,671,259 5,486,746
2031 11,224,864 5,349,577
2032 10,778,470 5,212,408
2033 10,332,076 5,075,240
2034 9,885,682 4,938,071
2035 9,439,287 4,800,902
2036 8,992,893 4,663,734
2037 8,546,499 4,526,565
2038 8,100,104 4,389,396
2039 7,653,710 4,252,228
2040 7,207,316 4,115,059
2041 6,486,584 3,703,553
2042 5,765,853 3,292,047
2043 5,045,121 2,880,541
2044 4,324,389 2,469,036
2045 3,603,658 2,057,530
2046 2,882,926 1,646,024
2047 2,162,195 1,234,518
2048 1,441,463 823,012
2049 720,732 411,506
2050 - -
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For market sales, the carbon tons and costs are deducted from the Company’s
emissions using the annual average of the system’s carbon intensity on a scenario-by-
scenario and year-by-year basis in post-processing.

Table 2.14-29 Market Purchase CO2 Rate

Market Purchase CO2 Rate
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Ibs/MWh 450 450 450 450 450 450 450 450 450 450 450 450 450 450 450

2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
Ibs/MWh 450 450 450 450 450 405 360 315 270 225 180 135 90 45 0

Generic Resources Cost and Performance

A “generic resource” means the representation of a potential new supply-side utility
resource for benchmarking or modeling purposes that embodies the estimated cost and
performance of the represented technology without regard to a specific site location. A
generic resource is generally represented by: capacity (nameplate and summer rating
or incremental capacity credit); capital and fixed O&M costs; transmission
interconnection and grid upgrade costs; variable O&M costs (fuel and heat rates); book
(useful) life; ramp rates and production curves; forced outage rates; typical annual
maintenance requirements; emission rates; and indicative pricing (levelized costs).*!

Generic resources serve multiple purposes in the 2021 ERP:

e Generic solar, wind, 4-hour duration battery storage, and gas-fired thermal
resources were available to the EnCompass model when creating Phase |
alternative plans both within the RAP and post-RAP periods, and

e Generic resources are used in the Benchmarking exercise as described in
Section 2.5.

For portfolio selection in the Phase Il competitive acquisition, generic resources are
replaced with costs and performances of actual proposed projects.

Gas-Fired Thermal Resource Generics

Gas-fired thermal resource generics include: (1) a large-scale combustion turbine, (2) a
large-scale 2x1 combined-cycle, (3) a small aeroderivative combustion turbine, and (4)
a small reciprocating plant. The cost and performance specifications for the four
thermal generics shown in Table 2.14-30 were provided by the Company’'s Energy

41 Grid upgrade costs are not included in the generic costs presented; grid upgrade costs are site-specific.
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Supply engineers based on values provided by its vendors. Annual fixed costs shown
in $/kW-mo terms in Table 2.14-31 for the four generics were calculated within the
EnCompass model.

4-Hour Duration Battery Storage Generic

Generic costs and performance for a 4-hour duration storage device were obtained from
the 2020 NREL Annual Technology Baseline (“ATB").#?> The ATB represents cost and
performance for battery storage in the form of a 4-hour, utility-scale, lithium-ion battery
system with a 15-year assumed life. In order to create a 30-year generic battery, the
Company assumed that the second 15-year period would be built as a “replacement” at
the costs that the NREL ATB assumes for a project with an in-service year 15 years
after the generic project’s assumed in-service year. The ATB assumes an 85% round-
trip efficiency. Levelized fixed costs based on in-service year data from the ATB are
presented in Table 2.14-32. For purposes of Phase | modeling, the battery generic was
represented using a 50 MW size/block and an assumed 365-round trip cycles per year.

Wind Generic

Generic costs for a 200 MW land-based wind generic were obtained from the 2020
NREL ATB. For purposes of modeling, the wind generic was represented using a 50
MW size/block. The Company selected data for a Class 3 wind resource and a
Moderate Technology Scenario. Cost and performance values are shown in Table
2.14-30 consistent with how results are presented in the ATB; costs in the Table are
levelized costs based on the in-service year over a 30-yearbook life. For example, a
generic wind project with an in-service year of 2025 would have a 30-year levelized cost
of $22.30/MWh. The following adjustments were made to the base ATB model:

e 30-year Capital Recovery Factor and Market Factors Financial assumptions were
selected,
Annual NCF was set to 50% for all years,
Inflation was set to 2.0% per year,
Tax rates were set to match combined Federal and Colorado rates,
Given changes to federal tax credits approved following the release of the 2020
ATB, projects with in-service dates of 2025 were modeled with a 60% PTC and
Debt Fraction, WACC Nominal and WACC Real values were set to 2024 values.

Solar Generic

Generic costs for a 100 MW PV utility solar generic were obtained from the 2020 NREL
ATB. For purposes of modeling, the solar generic was represented using a 50 MW
size/block. The Company selected data for a Moderate Technology Scenario. Cost and
performance values are shown in Table 2.14-30 consistent with how results are

42 Available at: https://atb.nrel.gov/electricity/2020/data.php.
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presented in the ATB; costs in the Table are levelized costs based on the in-service
year over a 30-yearbook life. For example, a generic solar project with an in-service
year of 2025 would have a 30-year levelized cost of $26.00/MWh. The following
adjustments were made to the base ATB model:
e Annual NCF was adjusted to match a Colorado resource (30% with annual
degradation),
e Inflation was set to 2.0% per year,
e Tax rates were set to match combined Federal and Colorado rates,
e Given changes to federal tax credits approved following the release of the 2020
ATB, projects with in-service dates of 2024 and 2025 were modeled with: (1) a
26% ITC, and (2) Debt Fraction, WACC Nominal and WACC Real set to 2023
values.
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Table 2.14-30 Generic Dispatchable Resource Cost and Performance

Resource| Generic CT Generic CC Gene_ric_ Qeneric_
(2x1) Aeroderiative Reciprocating
Technology 7F.05 7F.05 PW FT4000 | 6-Wartsila 18V50SG
Cooling Type Dry Wet Dry Dry
Book life 40 40 40 40
Winter Peak Capacity (MW) 196 672 57 100
Summer Peak Capacity (MW) 175 657 51 100
Other Months Capacity (MW) 193 671 55 100
Duct Burners Fired
Capital Cost ($000) 2018$| $119,100 $545,100 $74,800 $131,100
Transmission Adder ($000) 2018$| $18,800 $161,500 $5,500 $9,600
Total Capital ($000) 2018%| $137,900 $706,600 $80,300 $140,700
Capital Cost ($/kW) 2018% (Summer MW) $788 $1,075 $1,575 $1,407
Firm Fuel Costs (2018 $/kW-yr; Summer MW) $1.12 $1.02 $1.12 $1.00
Ongoing Capital Expenditures ($000-yr) 2018$% $1,160 $5,210 $690 $540
Fixed O&M Cost ($000/yr) 2018% $660 $4,670 $300 $800
Variable O&M Cost ($/MWh) 2018% $1.46 $1.95 $1.66 $9.32
Summer Heat Rate w/ duct burners (btu/kWh) 6,705
Summer Heat Rate 100% Loading (btu/kWh) 10,015 6,534 9,509 8,400
Summer Heat Rate 75% Loading (btu/kWh) 10,588 6,725 10,300 -
Summer Heat Rate 50% Loading (btu/kWh) 12,532 7,259 11,530 9,420
Summer Heat Rate 25% Loading (btu/kwWh) 13,448 7,460 - -
Winter Heat Rate w/ duct burners (btu/kwWh) 6,697
Winter Heat Rate 100% Loading (btu/kWh) 9,768 6,545 9,199 8,320
Winter Heat Rate 75% Loading (btu/kWh) 10,223 6,682 9,608 -
Winter Heat Rate 50% Loading (btu/kWh) 12,042 7,150 11,042 9,330
Winter Heat Rate 25% Loading (btu/kWh) 12,882 7,350 -
Other Months Heat Rate w/ duct burners (btu/kwWh) 6,669
Other Months Heat Rate 100% Loading (btu/kWh) 9,820 6,510 9,268 8,320
Other Months Heat Rate 75% Loading (btu/kWh) 10,257 6,647 9,665 -
Other Months Heat Rate 50% Loading (btu/kWh) 12,031 7,117 11,076 9,330
Other Months Heat Rate 25% Loading (btu/kWh) 12,844 7,309 - -
Forced Outage Rate 4.0% 4.0% 4.0% 4.0%
Maintenance (weeks/yr) 2 3 1 1
Lowest stable operating Point (% of nameplate) 46% 20% 49% 2%
Normal ramp rate (MW/Min) 25 50 31 144
Water use, Consumptive (gallons/MWh) 22 250 22 1
CO2 Emissions (Ibs/MMBtu) 119 119 119 119
SO2 Emissions (Ibs/MWh) 0.0064 0.0039 0.0066 0.0066
NOx Emissions (Ibs/MWh) 0.4291 0.0915 0.4291 0.4291
PM10 Emissions (Ibs/MWh) 0.0402 0.0300 0.0402 0.0402
Mercury Emissions (Ibs/MMWh) 0.0000 0.0000 0.0000 0.0000
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Table 2.14-31 Annual Fixed Costs of Dispatchable Generic Resources

Annual Fixed Costs (nominal $/kw-mo)*

Year Generic |Generic CC Generic Generic

CT (2x1) Aeroderiative | Reciprocating
2021 $6.85 $ 8.89 $ 1247 $ 10.72
2022 6.96 9.04 12.70 10.92
2023 7.08 9.20 12.93 11.12
2024 7.20 9.37 13.17 11.32
2025 7.32 9.54 13.41 11.53
2026 7.45 9.71 13.66 11.74
2027 7.57 9.88 13.91 11.95
2028 7.70 10.06 14.16 12.17
2029 7.83 10.24 14.42 12.39
2030 7.97 10.42 14.69 12.62
2031 8.10 10.61 14.96 12.86
2032 8.24 10.80 15.24 13.09
2033 8.39 11.00 15.52 13.33
2034 8.53 11.20 15.81 13.58
2035 8.68 11.40 16.10 13.83
2036 8.83 11.61 16.40 14.09
2037 8.99 11.82 16.71 14.35
2038 9.14 12.03 17.02 14.62
2039 9.30 12.26 17.34 14.89
2040 9.47 12.48 17.66 15.17
2041 9.63 12.71 17.99 15.45
2042 9.80 12.94 18.33 15.74
2043 9.98 13.18 18.67 16.04
2044 10.15 13.42 19.03 16.34
2045 10.34 13.67 19.38 16.64
2046 10.52 13.93 19.75 16.96
2047 10.71 14.18 20.12 17.28
2048 10.90 14.45 20.50 17.60
2049 11.10 14.72 20.89 17.93
2050 11.29 14.99 21.28 18.27
2051 11.52 15.29 21.71 18.64
2052 11.75 15.60 22.14 19.01
2053 11.98 15.91 22.58 19.39
2054 12.22 16.23 23.03 19.78
2055 12.47 16.55 23.49 20.17

Notes

1) Total capacity costs are based on summer MW ratings and are
inclusive of: initial and ongoing capex, FOM, firm fuel costs, and

transmission
applicable.

interconnection and assumed delivery costs, where

2) No firm fuel or transmission delivery costs were assigned to battery
storage generics.
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Table 2.14-32 Generic Renewable and Energy Storage Resource Costs

Capital Costs | Levelized Energy Costs | Levelized Fixed Costs
(nominal $/kW) * (nominal $/MWh) 2 (nominal $/kwW-mo) >
In-Service Solar Wind Solar Wind 4-Hour Duration Battery
Year Storage
2021 $1,350 $1,500 $27.10 $19.50 $10.55
2022 1,320 1,510 26.60 22.40 10.19
2023 1,290 1,510 26.00 22.40 10.13
2024 1,260 1,520 26.70 22.30 10.14
2025 1,230 1,520 26.00 22.20 9.73
2026 1,200 1,520 28.50 30.10 11.04
2027 1,160 1,520 27.90 30.50 10.89
2028 1,120 1,520 27.30 30.80 10.73
2029 1,080 1,520 26.70 31.20 10.56
2030 1,040 1,510 25.90 31.50 10.39
2031 1,050 1,510 26.20 31.80 1041
2032 1,060 1,500 26.50 32.10 10.43
2033 1,070 1,490 26.80 32.50 10.44
2034 1,080 1,510 27.10 32.80 10.44
2035 1,100 1,520 27.30 33.10 10.44
2036 1,110 1,530 27.60 33.50 10.55
2037 1,120 1,550 27.90 33.80 10.60
2038 1,130 1,560 28.20 34.10 10.64
2039 1,140 1,580 28.50 34.50 10.68
2040 1,150 1,590 28.80 34.80 10.71
2041 1,160 1,600 29.10 35.10 10.74
2042 1,180 1,620 29.40 35.50 10.76
2043 1,190 1,630 29.70 35.80 10.78
2044 1,200 1,650 29.90 36.10 10.78
2045 1,210 1,660 30.20 36.40 10.78
2046 1,220 1,670 30.50 36.80 10.77
2047 1,230 1,680 30.80 37.10 10.74
2048 1,250 1,700 31.10 37.40 10.71
2049 1,260 1,710 31.40 37.70 10.66
2050 1,270 1,720 31.70 38.00 10.60
2051 1,280 1,740 32.00 38.40 10.60
2052 1,290 1,750 32.30 38.70 10.60
2053 1,300 1,770 32.60 39.00 10.60
2054 1,320 1,780 32.80 39.30 10.60
2055 1,330 1,790 33.10 39.70 10.60

Notes

1) Capital costs are the NREL ATB Overnight Capital Costs inflated at 2%/yr from 2018 to the in-service year.

2) Levelized energy costs are the NREL ATB levelized energy costs calculated over the assumed book life
inflated at 2%/yr from 2018 to the in-service year.
3) Levelized fixed costs are calculated from the NREL ATB capital costs (with an assumed 11% levelized fixed
charge rate) and FOM costs, both inflated at 2%/yr from 2018 to the in-service year. The calculation also
assumes that the battery qualifies for the currently existing federal ITC.
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2.15 WATER RESOURCES

In this Section, the Company provides water resources information required by Rule
3604(h), including: (1) the annual water consumption for each of Public Service’s
existing generation resources; (2) the water intensity (in gallons per MWh) of the
existing generating system as a whole; and (3) the projected water consumption for any
resources proposed to be owned by the utility and for any new generic resources
included in the utility’s modeling for its resource plan.

Use of Water in Electric Generation

Water is consumed during electric generation in a variety of ways:

1. Steam/water cycle. Steam generation is typically a closed-loop system, but
boiler feed make-up water is required to replace minor losses.

2. Circulating water cooling. Circulating water is used to cool steam in the
steam/water cycle. Circulating water is evaporatively-cooled in the cooling towers
and reused until its water quality is no longer suitable. Blowdown rejected from
the cooling tower is treated prior to discharge or stored and evaporated,
depending on plant design. Cooling typically represents the vast majority of plant
water usage and consumption.

3. Other usage. Relatively small volumes of water are used in a number of other
important plant capacities, such as dust suppression, fire control, bottom ash
removal, and emissions control.

4. Hydro-electric generation. Water consumed is through evaporation while stored
in reservoirs at Public Service-owned hydropower facilities in Colorado.

Public Service’s Water Consumption and Intensity

Table 2.15-1 shows the 2020 water consumption as well as average use for the Public
Service system.

Figure 2.15-1 shows the water intensity for Public Service-owned generation stations
and the relative proportion of water supplied through self-owned and contracted water
supplies. Generally, self-supplied water is the least expensive and future costs are
expected to remain stable, in accordance with O&M needs. Contracted water supply
costs are anticipated to increase in line with regional water costs but afford plants the
reliability and firm yields associated with larger municipal water purveyors. Table 2.15-2
shows annual consumptive water use and intensity by Public Service facility.
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Table 2.15-1 2020 Water Use and Generation by Public Service Facility

2020 Percent 2020 Net
. . . Water
Public Service Consumptive | Consumptive | Generation Intensity
Generating Station WELET LS RIS e (gal/ MWh)
(Acre-feet) (As a %) (NMWHRS)
Cherokee 3,027 75.1 3,744,662 256
Comanche 7,899 77.6 4,217,098 625
Fort Saint Vrain 2,121 66.7 3,716,079 186
Hayden @ 4,261 100% 3,139,862 442
Pawnee® 4,823 100% 3,067,953 513
Rocky Mountain Energy Center 2,507 100% 3,039,709 263
Valmont @ 1,331 0% 10,043 N/A
Hydros® 103 100% 31,269 1,073
Craig (Xcel Portion)® 917 100% 33,178 490
Alamosa* 0 N/A 13,018 N/A
Blue Spruce* 0 N/A 478,339 N/A
Ft. Lupton* 0 N/A 7,984 N/A
Fruita* 0 N/A 1,131 N/A
TOTALS 30,989 21,500,325

(1) Hayden and Pawnee's raw water usage numbers reflect river pumping
(2) Raw water usage at Valmont is the amount of water attributed to diversions under the Valmont water rights
(3) Hydro water consumption from reservoir evaporation. Hydro net generation includes Ames, Georgetown, Salida,
Shoshone, and Tacoma, but excludes Cabin Creek.
(4) Xcel Energy owns 9.7% of Craig Units 1&2
* Internal combustion engines and existing CT Turbine facilities require no water for generation using gas.
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Figure 2.15-1 Water Intensity
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Table 2.15-2 Annual Consumptive Water Use and Intensity by Public Service

Facility
Water

Annual net Water intensity

generation | consumption | (gallons/
IPP - Gas (MWh) (gallons) MWh)
ARAPAHOE 207,688 82,582,000 398
BRUSH 2 25,392 12,831,000 505
BRUSH 4 89,481 52,917,000 591
BRUSH1&3 33,715 11,741,000 348
MANCHIEF 451,445 707,550 2
FOUNTAIN VALLEY 143,764 18,635,000 130
PLAINS END 1* 6,726 - 0
PLAINS END 2* 8,614 - 0
SPINDLE HILL* 427,387 - 0
WM RENEWABLE* 20,874 - 0
Total - IPP Gas 1,415,087 | 179,413,550 -
IPP - Wind - 0
Twin Buttes Wind 265,763 - 0
Cedar Creek Il, LLC 677,728 - 0
Cedar Creek Wind Energy, LLC 790,015 - 0
Cedar Point Wind, LLC 710,180 - 0
Colorado Green Holdings, LLC 247,878 - 0
EPRI 115 - 0
Golden West Power Partners, LLC 841,867 - 0
Sping Canyon Energy, LLC 182,052 - 0
Limon Wind Ill, LLC 812,020 - 0
Limon Wind Il, LLC 611,204 - 0
Limon Wind, LLC 711,044 - 0
Logan Wind Energy, LLC 556,615 - 0
Northern Colorado Wind Energy | 401,230 - 0
Northern Colorado Wind Energy |l 64,329 - 0
Peetz Table Wind Energy, LLC 671,745 - 0
Ridge Crest Wind Partners, LLC 71,721 - 0
Siemens Energy 174 - 0
Bronco Plains Wind, LLC 658,426 - 0
Mountain Breeze Wind 161,119 - 0
Total - IPP Wind 8,435,223 - -
*Combustion turbine with no water use
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Water
Annual net Water intensity
generation | consumption | (gallons/
(MWh) (gallons) MWh)
IPP - Solar - 0
Cogentrix of Alamosa 55,626 - 0
Comanche Solar PV, LLC 291,353 - 0
San Luis Solar, LLC 76,878 - 0
Solar Star Colorado Il 125,372 - 0
Sun E Alamosal, LLC 13,964 - 0
Sun Power/ Greater Sandhill 47,812 - 0
Titan Solar, LLC 101,876 - 0
Total - IPP Solar 712,881 - -
IPP - Hydro - 0
City of Boulder Betasso/Lakewood 23,398 - 0
Denver Water - Dillon 11,984 - 0
Denver Water - Foothills 6,088 - 0
Denver Water - Gross 17,902 - 0
Denver Water - Hillcrest 5,529 - 0
Denver Water - Roberts Tunnel 8,935 - 0
Denver Water - Strontia 7,179 - 0
Redlands Water and Power 7,617 - 0
Ute Hydro 1,347 - 0
Orchard Mesa 3,353 - 0
Grand Valley 3,353 - 0
Total - IPP Hydro 96,685 - -
2021 ELECTRIC RESOURCE PLAN & CLEAN ENERGY PLAN VOLUME 2 - TECHNICAL APPENDIX

PusLIc SERVICE COMPANY OF COLORADO PAGE 321 oF 322



2.16 PHASE Il RESOURCE ACQUISITION PLAN

In this Section, the Company describes its Phase Il resource acquisition plan, bidding
policy, and the competitive acquisition procedures it intends to use to obtain resources
in Phase Il of the ERP process as required by Rule 3611(g). Volume 3 of the
Company’s 2021 ERP & CEP contains the proposed RFPs the utility intends to use to
solicit bids for energy and capacity resources to be acquired through the Phase Il
competitive acquisition process, the associated bid forms and model purchase
agreements, as required by Rule 3604(i) and Rule 3616(a).

Company Activities Following the Release of an RFP

The Company anticipates issuing competitive solicitations approximately 90 days in
advance of the bid receipt date. As filed in Volume 3 of this 2021 ERP, the Company is
proposing three (3) distinct requests for proposal documents: (1) a Dispatchable
Resources RFP, (2) a Renewable Resources RFP, and (3) a Company Ownership
RFP. Official versions of the RFP documents (the RFP document, a model contracting
agreement or model term sheet, and proposal submission forms) will be posted to an
RFP webpage on the day of the RFP release. An indicative timeline of Phase I
activities is shown in Figure 2.16-1.

Figure 2.16-1 Indicative Phase Il Timeline
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Rule 3616(d) requires the Company to provide potential bidders with a copy of the
Commission’s order or orders specifying the form of nondisclosure agreement
necessary to obtain access to confidential and highly confidential modeling inputs and
assumptions provided by the Company pursuant to Rule 3613(b). The nondisclosure
agreement is included in the RFP bid submission forms and are included as part of the
Volume 3 filing. Rule 3616(d) also requires the Company to provide potential bidders
an explanation of the process by which disputes regarding inputs and assumptions to
computer-based modeling will be addressed by the Commission pursuant to Rule
3613(b). This explanation can be found in Section 1.1 of the model RFP documents.

Rule 3616(e) directs the Company to require bidders to provide the contact information
of a person designated to receive a notice pursuant to Rule 3613(a). Language
directing the bidder to provide this information is on Form C of the model bid submission
forms. Rule 3616(f) requires the Company to inform bidders that information for all bids
submitted in response to the RFP will be made available to the public through posting of
the bid information on the Company’s website upon the completion of the competitive
acquisition process pursuant to Rule 3613(k). This information can be found in Section
1.1 of the model RFP documents.

The Company anticipates that any pre-bid meeting would be held approximately three
(3) weeks following the issuance of a competitive solicitation. In addition to a pre-bid
meeting, the Company will directly respond to potential bidder questions submitted via
email. Non-confidential Q&A versions of issues raised during any pre-bid meeting as
well as from questions submitted via email will be posted to the Q&A document on an
RFP webpage. The Independent Evaluator will be copied on all emails sent directly to
potential bidders.

Bid Receipt and Generation Technology Categorization

The Company will request both hard copy and electronic versions of proposals; copies
of bid submission materials will be provided to the Independent Evaluator and to
Commission Staff. Upon receipt of bids, the Company will conduct an initial review to
categorize the bid by its proposed generation source with bids employing similar
technologies. Such an initial categorization simplifies downstream due diligence and
economic evaluations and is necessary to comply with ERP Rule 3618(b)(l) regarding
the 30-day report.

Bid Eligibility Screening and Initial Due Diligence

Once bids have been catalogued, the Company will conduct a review of each bid to
ensure that the proposal meets the minimum eligibility requirements. Each of the three
RFPs have slightly different minimum eligibility requirements corresponding to the
different technologies or ownership structures targeted by the RFPs; specific details on
the minimum bid eligibility requirements are laid out in the respective model RFP
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documents in Volume 3. The Company intends to notify all RFP respondents within 15
days of bid receipt as to the Company’s bid eligibility evaluation.

At the time that the Company conducts its bid eligibility screening, it will also conduct an
initial due diligence review of the bids. This initial due diligence review is intended to
quickly identify any potential fatal flaws or conceptual misunderstandings as to the
proposed project. To the extent the Company requires additional information from the
bidder as a result of its initial due diligence, it will contact the bidder promptly and
ensure that the Independent Evaluator receives a copy of the request for additional
information as well as a copy of the bidder’s reply.

Initial Economic Analysis and Screening

Assignment of Transmission Interconnection and Network Upgrade Costs

One of the bid eligibility requirements is that the project must function as a network
resource; i.e., capacity and energy from the proposed generation project must be
delivered to the Company’s electric transmission or distribution system at a location
such that the capacity and energy can then be delivered to the Company’s customers.
The Company will assign incremental transmission interconnection costs and/or
network delivery costs to each bid, as appropriate. Transmission-associated capital
costs will be converted to annual levelized costs utilizing a levelized fixed charge rate
(“LFCR”) of 8% for inclusion in the initial economic screening.

If the Company has received a certificate of public convenience and necessity to
construct a transmission upgrade, the cost of the upgrade will not be included in the
evaluation and costing of bids and/or bid portfolios that use those upgrades; provided,
however, that sufficient transmission transfer capability exists on the transmission
project specified in the CPCN after accounting for other generation projects.

For bids that: (1) utilize a transmission project for which a CPCN has been filed and is
pending, or (2) utilize a Commission approved “bid-eligible planned transmission
project” identified in the Phase | decision, transmission upgrade costs will not be
included in the bids for purposes of determining advancement to computer-based
modeling. In computer-based modeling, transmission upgrade costs will be included in
the costing of the bids. At the completion of computer-based modeling, the total cost of
the transmission upgrade will be included in any portfolio with a bid or bids that would
utilize that transmission upgrade for portfolio costing and comparison purposes.

Existing resources from which the Company currently purchases capacity and energy
will not be burdened with any incremental electrical transmission interconnection or
network delivery costs provided that the Company currently has sufficient transmission
capacity to deliver the entire generation to its load. For existing resources with
inadequate transmission service, a projection of the purchase of sufficient transmission
rights will be added to the bid.
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Initial Economic Screening

Initial economic screening consists of calculating an *“all-in” levelized energy cost
(“LEC”) for energy-based bids (e.g., renewable generators or renewable hybrid
generators) or, for dispatchable and standalone storage projects, an “all-in” levelized
cost of capacity (“LCC”). LECs are calculated as the present value of the sum of the
total costs and credits for each year of the proposed project's term divided by the
present value of the estimated annual energy streams. LCCs are calculated in a similar
manner but the divisor is the level of capacity, not energy. Present values are
calculated as of the project’s in-service year to avoid confusing the inherent value of
delay with true differences in LEC or LCC. The Company will employ its after-tax
WACC in the present value calculations.

The term “all-in” refers to the inclusion of costs and benefits associated with the project,
e.g., renewable integration costs for solar and wind bids and renewable integration
credits for storage bids. Projects that propose to interconnect at distribution voltages
will be credited with avoided line losses in their LEC and LCC calculations. The result
of this credit is that the LEC or LCC for a distribution-interconnected project will be lower
than that for an identical, transmission-interconnected project by the avoided line loss
assumption.

Other adjustments the Company may make to the LEC and LCC calculations include,
but are not limited to:
e The Company’s final natural gas forecast,
e The Company’s estimates of fuel delivery costs on both an interruptible and a
firm basis, where applicable,
e The Company’s estimates of any incremental transmission interconnection or
network upgrade costs,
e Adjustments to estimated performance or pricing that result from the Company’s
due diligence efforts and/or updated information received from the bidder.

No renewable energy credit (“‘REC”) value benefits will be credited to the LEC or LCC
calculations for any generation projects.

Outside of these general observations, specific costs and benefits will be assessed to
bids employing certain generation technologies as detailed below.

Stand-alone Storage LCC

In addition to proposed capacity payment rates, LCCs for stand-alone storage bids
include an annual representation of proposed variable O&M costs and renewable
energy credits. Variable O&M payment rates and renewable energy credits will be
converted to a $/kW-mo metric by applying the annual throughput limit (MWh) proposed
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for the storage device. LCCs are converted to a generation capacity credit basis by
dividing by the ELCC assigned to the project.

Renewable Hybrid Storage LEC and LCC

An LEC for a renewable hybrid storage bid will be calculated in a similar manner as that
for a standalone solar or wind facility; however, the variable payment rate for the LEC
calculation will be the Energy Payment Rate less the Battery Payment Rate proposed in
the bid. An LCC for a renewable hybrid storage bid will be calculated by converting the
Battery Payment Rate and renewable energy credits to a $/kW-mo metric by applying
the annual throughput limit (MWh) proposed for the storage device. LCCs are
converted to a generation capacity credit basis by dividing by the ELCC assigned to the
project.

Dispatchable Generation LCC

In addition to proposed capacity payment rates, LCCs for dispatchable generation bids
include an annual representation of proposed tolling payment costs and start charges.
Tolling payments are calculated by converting the variable costs to fixed costs
assuming an annual capacity factor and assuming an average annual heat rate with
which to estimate fuel volumes and costs. Gas-fired, peaking resources will be
screened with an assumption of a 5% annual capacity factor. Gas-fired, intermediate
resources will be screened with an assumption of a 40% annual capacity factor. The
average annual heat rate utilized in the LCC calculations will be the average of the
seasonal full load heat rates (without supplemental capacity) supplied in the bid forms.

Start charges are included as annual costs in $/kW-mo, assuming a set number of
hours that a unit will run at full output once started; full output is defined as the net
capability of the unit without supplemental capacity; e.g., duct firing on a combined-
cycle power plant. For peaking resources, the Company assumes a four (4) hour run
time per unit. For intermediate resources, the Company assumes a twelve (12) hour
run time per unit and that all CTs are started, e.g., two (2) turbines started for a 2x1 CC
facility.

To the extent a project proposes to wheel capacity and energy across another utility’s
transmission system prior to delivery to the Company’s system, estimated wheeling
losses will be imposed against the full load heat rate which will effectively increase the
variable cost component of the LCC. Such an adjustment is necessary since the heat
rates are calculated at the generation unit (which resides on another utility’s system),
whereas the other components of the LCC are all based on capacity and energy
delivered to the Company’s system.
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Subject Matter Expert Due Diligence

Subject matter experts typically include, but are not limited to, Company personnel from
the following organizations:

e Transmission Access
Generation Resource Planning
Transmission Planning
Natural Gas Planning
Commercial Operations
Purchased Power
Credit/Risk
Tax
Accounting
Environmental Permitting
Energy Supply
Siting and Land Rights
Water Supply

Each department conducts its due diligence reviews in the manner they determine best.
In the event that subject matter experts require additional information or clarification on
certain aspects of a bid, those requests will be forwarded to the bidders on a
coordinated basis. Each bid reviewed by each department will result in a written due
diligence report with an indication as to the feasibility of the project’s ability to meets its
proposed in-service date with the selected technology and proposed performance
levels.

The Company reserves the right to employ outside technical experts to review bids to
the extent the Company believes such analyses are warranted to sufficiently review any
proposal.

30 Day Bid Summary Report (ERP Rule 3618(b)(1))

Pursuant to ERP Rule 3618(b)(l), the Company will report to the Commission within 30
days of bid receipt on the following topics:
e Bidder identity,
Number of bids received (total and by resource type),
MW (total and by resource type),
Description of prices (by resource type),
Whether or not the Company believes it needs to implement its contingency plan.
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Secondary Economic Screening

Any adjustments to bid information that impacts a bid’'s LEC or LCC following the
completion of the subject matter experts’ due diligence efforts will be incorporated into
final levelized calculations. Based on the final LEC or LCC calculations, all bids utilizing
similar technologies will be sorted by levelized price, and by proposed commercial
operation date, size, and location within a specific ERZ or solar resource zone.

Selection of Bids for Computer Modeling

All bids from existing thermal generation resources currently under contract with the
Company and all Company proposals will be passed through screening to portfolio
development. Fuel-tolled thermal facilities will be selected for inclusion in computer
modeling based on their LCC calculated with and without assumptions of incremental
firm fuel supply costs. Pursuant to ERP Rule 3616(d) and contingent upon the
existence of sufficient bids passing through bid eligibility and due diligence screening,
the Company shall pass forward to the portfolio development phase a sufficient quantity
of bids across the various generation resource types such that resource plans can be
created that conform to the range of scenarios for assessing the costs and benefits from
the potential acquisition of increasing amounts of renewable energy resources or
Section 123 Resources as specified in the Commission’s Phase | decision.

To the extent initial EnCompass modeling indicates that all bids of a specific generation
resource type (e.g., all wind bids) passed to portfolio development appear in the least-
cost portfolio(s), additional bids utilizing that generation resource type will be included in
subsequent model runs. This iterative process will be followed until no incremental bids
greater than 10 MW employing that generation resource type are selected in the least-
cost portfolio. Bidders whose projects are passed forward to portfolio development will
be notified of their project's advancement pursuant to ERP Rule 3613(a) and will be
provided with the modeling inputs and assumptions for that project pursuant to ERP
Rule 3613(b).

Bids for Generation between 100 kW and 10 MW43

In general, the following process will be employed to determine cost-effective bid-
eligible proposals <10 MW:

1. Categorize bids by technology,

2. Categorize bids by size: >= 10 MW and < 10 MW,

3. Sort <10 MW bids by all-in LEC and LCC,

43 Depending upon the pool of proposed projects received in a Phase Il competitive acquisition, the
Company may need to adjust the specific MW cutoff for various technologies instead of the 10 MW
proposed here. Such an adjustment would be done in consultation with the Independent Evaluator.
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4. Review the least-cost portfolio determined by EnCompass from the Base Case
run and determine the generation types selected in each portfolio,

5. For each included generation type, determine all bid-eligible proposals < 10 MW
that have an all-in LEC or LCC less than the highest all-in LEC or LCC,
respectively, for that generation type in the portfolio and include those projects in
the final portfolios.

For example, assume that the most expensive solar bid included in a final portfolio has

a $30/MWh LEC and, further, that solar bids <10 MW with the following all-in LEC were
proposed:

Table 2.16-1 Illustrative All-In LEC for Eligible Solar Bids <10 MW

: LEC Size
Bid# | emwh) | (Mw)
1 $25 3
2 $22 1
3 $39 5
4 $32 5
5 $25 7

In this instance, the Company would include Bid numbers 1, 2, and 5 (totaling 11 MW)
in the portfolio along with those proposals selected by EnCompass.

A final check will be made to ensure that the inclusion of all cost-effective proposals <
10 MW does not provide excess capacity credit to the portfolio through the RAP to such
an extent that it could replace another source(s) of capacity selected through the
EnCompass modeling. If it does, two additional EnCompass runs will be conducted to
determine which is most cost-effective: (1) include all cost-effective generators <10 MW
in the final portfolio, or (2) include all cost-effective generators <10 MW and exclude the
other generator(s) that could potentially be displaced. The final portfolio would be the
least-cost of these two runs assuming that both runs meet all reliability metrics.

To the extent the least-cost portfolio does not include a certain generation type (e.g.,
solar) but lower priced bids (based on all-in LEC or LCC) exist for similar generators
<10 MW, an ad hoc EnCompass run including those generators would be conducted to
see if the revenue requirements of the least-cost portfolio increases or decreases. If the
revenue requirements decrease with the addition of the <10 MW generators, they would
be included in the final portfolios.

For certain generation types (e.g., hydro or gas-fired micro-turbines) the Company
would not typically expect to receive bids in excess of 10 MW. For such situations, the
lowest all-in LEC or LCC proposals (up to a maximum of three per technology) would be
advanced to computer modeling and portfolio development along with those bids >10
MW already selected. To the extent the EnCompass model selected all three of the
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lowest all-in LEC proposals and other proposals for the same technology were also
received, then ad hoc EnCompass runs would be conducted to determine the cost-
effectiveness of these other proposals.

Rule 3604(n) requires the Company to describe how energy storage systems smaller
than 30 MW may be accommodated in the Phase Il competitive solicitation process.
The Company will evaluate energy storage project bids 10 MW and larger along with all
other bids 10 MW and larger. Storage projects less than 10 MW will be evaluated
according to the process described above.

Report to Advanced Bidders

Pursuant to ERP Rule 3613(a), 45 days after bids are received the Company is to email
each bidder and indicate whether its bid has been advanced to computer modeling and
portfolio development. For those bids not advanced, the Company is to provide the
reason(s) why the project will not be evaluated further. For those bids advanced to
computer modeling and portfolio development, the Company is to provide the modeling
inputs and assumptions that reasonably relate to that potential resource or to the
transmission of electricity from that facility to the Company.

The Company will meet these reporting procedures for proposals that are 10 MW and
greater. However, given that proposals <10 MW will, in general, not be advanced to
computer modeling and portfolio development during the initial phases of portfolio
development, these proposals will not receive such notification at the 45-day mark. To
the extent that proposals <10 MW are included in final portfolios after they have been
created, bidders will be notified at that time.

Computer Modeling and Portfolio Development

EnCompass will be used in developing portfolios of proposals/bids that are advanced to
this stage of the competitive acquisition. The modeling framework Public Service will
employ in the Phase Il portfolio analysis is the same as that used to develop alternative
plans that are discussed in ERP Volume 1 with two exceptions: (1) actual bids are used
to meet RAP needs instead of generic estimates, and (2) bids will be extended through
the end of the modeling period to ensure the RAP portfolio firm capacity meets the
PRM obligation through the end of the modeling and is not rejected by the model.

How to model bids that do not extend through the planning period has been vigorously
discussed in past ERPs, and in the last ERP the Company presented two separate
views of portfolios using what was termed the “Replacement Method” and “Annuity
Method.” For this ERP, the Company is proposing minor modifications that incorporate
positions taken by other parties in past ERPs with the objective of effectuating a fair
evaluation of competing bids. The Company proposes to use one single unified method
that closely resembles the previous annuity method where all bids are extended through
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the end of the Planning Period using an appropriate and relevant financial analysis
methodology often called a “replacement chain” analysis.

In this method, to extend bids that do not extend to the end of the modeling period, the
bid will be sequentially “repeated” as many times as is necessary, keeping all
parameters of the bid equivalent from both a financial and operational perspective. For
operational characteristics, the exact same specifications of the bid** will be repeated
using the same pattern (if it varies by year) as the original bid. As an example, for a
sample 15-year bid, year 16 will have the specifications of year 1, year 17 will have year
2, etc.

All financial parameters, such as fixed or variable PPA payments, will be repeated so as
to be equivalent to the bid proposal’s costs throughout its term. In practice, the bid
costs that are supplied in nominal dollars will first be converted to levelized equivalent
fixed or variable costs using the Company’'s WACC. Then the levelized value will be
escalated using the assumption for general inflation (2%) to the start of the repeat
period and applied for the same number of years as the bid term. If a second “repeat”
period is then needed (i.e. two times the bid term still does not extend through the
modeling period), a third (or however many are necessary) repeat will be constructed in
the same manner.

Company proposals will include the same costs and benefits as those applied in the
initial economic screening of bids described earlier in this section. Company proposals
and BOTs will be modeled using traditional capital revenue requirements when
reporting annual total system costs. Since the useful lives of Company self-build
proposals typically will extend through the end of the Planning period, generally no
assumptions need be made on how to extend the lives of Company proposals.
However, in the event a Company proposal does need to be backfilled, it will be done in
the same manner as the bids. Just as with PPAs, the actual annual costs of the bid will
be used for the bid period, and any extension will use the levelized cost escalated to the
repeat year(s).

This extension process for bids is not in any way intended to represent “re-contracting”
or any specific assumption regarding what resources will be chosen in the future years
after the bid expires or what prices they will be offered at. It is simply a financial
analysis methodology used to evaluate competing projects/proposals with unequal lives.
In financial literature it is often referred to as the “replacement chain” approach. ldeally
this approach would have enough replacements made to evaluate all the projects on a
least common multiple of years (for example a 20-year bid and a 25-year bid would be
evaluated over a 100-year period with 5 and 4 repetitions, respectively). However, this

44 Such as capacity factor, nameplate capacity and generation profile for renewable bids, and heat rate
and forced outage rate for dispatchable bids.
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is not practical in computer modeling given the possibility of widely disparate lives
leading to extremely long study periods (as in the given example in the previous
sentence), nor is it consistent with Commission resource planning rules which require
that NPV be calculated over a Planning Period of determinate length. Additionally,
given that the economics of the portfolios are primarily evaluated on the basis of NPV,
impacts beyond the modeling period have only small impacts due to the time value of
money/discount rate, and there is little precision lost by cutting off all values past the
modeling period.

Development of Bid Portfolios

As discussed earlier, in the computer modeling of all bid portfolios, Public Service will
employ a similar modeling convention as that approved by the Commission in
Proceeding Nos. 07A-447E and 11A-869E. All generic resources added in years
beyond the RAP (2024-2054) in the base capacity expansion model developed for
Phase 1l modeling that incorporates all the approved updates and changes the
Commission orders in its Phase | order, will be locked down in the EnCompass model.
Note that the term “locked down” refers to the fact that a generic resource is hardwired
into the EnCompass model to begin its operating life in a specific year as opposed to
being modeled in a fashion where it has a floating in-service date that is ultimately
selected by the model based on economics. All generic resources “locked down” in the
model will still be capable of being economically dispatched with the rest of the fleet to
meet customer load in a least-cost manner with the exception of generation such as
wind and solar PV, which are not capable of being dispatched. In 2021 modeling, unlike
previous years, these locked down resources include all generic resources, whether
gas, wind, solar or storage. Figure 2.9-2 shows a graphical depiction of the generic
resources that are locked down in the modeling.
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Figure 2.16-2 Depiction of EnCompass Model with Locked-down Resources
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Figure 2.16-3 shows an example of how the bids will be extended (as necessary) to
completely fill the gap created by removing the generic resources in the RAP. In this
figure, Bid 3 has a term that extends to the end of the modeling period, so stands on its
own. Bids 1 and 2 are shorter and are extended using the methodology for PPA and
Company bids as discussed above. Due to the discrete size of the RAP generics, the
set of removed resources will most likely result in a larger “hole” than the 2030 resource
need identified in the L&R. In this likely event, a generic capacity-only purchase will be
inserted in the years of the RAP to make the perceived “need” seen by the model
exactly match the need determined using the approved L&R.
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Figure 2.16-3 lllustration of a Portfolio of Bids and Company Proposals
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Portfolio ELCC Review

The ELCC study documented in Attachment KLS-2 showed that the level of ELCC
calculated for portfolios of resources can differ from the sum of the standalone ELCC
values. This difference is impacted by the technology mix, location, and penetration of
the various renewable generation and storage resources in the portfolio. As the initial
creation of bid portfolios within EnCompass is conducted using standalone ELCC
values, a “back end” portfolio ELCC review will be conducted to ensure that the selected
portfolios meet forecasted load and planning reserve margins without significant
capacity overbuild. This portfolio ELCC review would be conducted prior to any other
post-EnCompass modeling reliability checks.*®

Development of Sub-Optimal Bid Portfolios

The nature of mixed integer programs like EnCompass is that they converge internally
to a single solution and do not explicitly save or generate “alternative” plans. The
simplest way to generate alternative versions is to manually force certain portfolio
parameters and rerun the model. The EnCompass software includes functionality to do

45 Other reliability checks could include, but are not limited to, winter/firm fuel evaluations and intra-day
fuel delivery evaluations.
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this to a limited extent — there is a setting to produce multiple plans that are “different”
through a given year (in Phase Il, a setting of 2030 would be likely — thereby producing
multiple different plans that are unique through 2030). The Company has not used this
feature as of yet, and there is not an easy way to test it without having a large bid
portfolio to select from. With only a limited selection of generics, the plans are not very
informative.

An alternate approach is to manually force in (or remove) certain bids from the
optimization and rerun the model, thereby creating portfolios that either specifically have
or do not have the selected resources. Such a methodology can also be used to
investigate the impacts of geographically diverse portfolios if the single solution portfolio
does not include such geographic diversity.

One last approach is to manually force certain portfolio characteristics on the model,
such as “at least 1,000 MW solar”, or “no more than 1,000 MW wind”, for example.

The Company intends to test all of these alternative approaches upon completion of the
computer representation of the bids and will ensure a wide variety of alternative
portfolios are presented in the 120-Day Report for Commission consideration.

Selection of Bid Portfolios for Sensitivity Analysis

A set of portfolios utilizing a range of technologies to meet the RAP needs will be
selected for additional analyses involving an assessment of input assumption sensitivity
analyses. A sufficient number of portfolios will be selected for these additional analyses
to ensure a diverse set of generation technologies and locations are represented. The
Company will use planning period PVRR (calculated using base/starting assumptions)
as a key metric in determining the number of portfolios to advance.

Input assumption sensitivities would include:
e High and low gas price assumptions
e CO:2 proxy price (SCC and $0) assumptions

As was done in the analysis of the baseline case and alternative plans, the mix of
proposals used to meet the RAP needs as well as the generic resources included
beyond the RAP in each portfolio will be fixed or locked down when the portfolio PVRRs
are recalculated under each sensitivity. This will ensure that cost differences between
portfolios will be the result of differences in the factors being studied in the sensitivity
analyses and not due to changes in the mix of resources beyond the RAP.

RESA Impact Analysis of Portfolios

Portfolios advanced to sensitivity analysis will also be analyzed to estimate their impact
on the RESA. An abbreviated analysis will be employed to develop these estimates in
which the annual additional costs or benefits will be estimated for each portfolio that
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result from renewable resources in the RAP. These additional costs or benefits will be
added to or subtracted from the RESA impacts for the least-cost portfolio.

Rule 3616(c) on Best Value Employment Metrics

Section 40-2-129, C.R.S. now requires the Company to obtain from bidders and provide
to the Commission information relating to best value employment metrics (“BVEM”) for
each bid resource, including:

() the availability of training programs, including training through apprenticeship
programs registered with the United States Department of Labor, Office of
Apprenticeship and Training;

(I1) the employment of Colorado workers as compared to importation of out-of-
state workers;

(111) long-term career opportunities; and
(IV) industry-standard wages, health care, and pension benefits.

In  Proceeding Nos. 17M-0694E (Repository Proceeding) and 19R-0096E
(Comprehensive Rulemaking Proceeding), Public Service worked closely with Rocky
Mountain Environmental Labor Coalition and Colorado Building and Construction
Trades Council, AFL-CIO (jointly, "RMELC/CBCTC") regarding potential rule revisions
that could improve the existing BVEM requirements given past disputes over the proper
application of BVEM related rules.

Public Service and RMELC/CBCTC aligned on the fundamental need to obtain better,
more thorough BVEM data from bidders through the competitive solicitation process.
The problem regarding BVEM has been the lack of robust and detailed BVEM
information from bidders. The generally scant information that has been provided by
bidders in recent resource solicitations has limited the Commission’s ability to consider
the information in any sort of meaningful way. Independent power producers (“IPPs”)
have continued to argue that they are not in a position to provide detailed BVEM
information at the time of bid submittal, while labor organizations continue to argue the
BVEM information that is provided is not sufficient for the Commission to make resource
acquisition decisions. This has been particularly challenging for the Company, as the
criticism shifts to the utility when the BVEM information that the Company can only
solicit from bidders is considered inadequate by labor organizations and the
Commission itself.

BVEM received an additional review by the General Assembly in 2019 resulting in
amendments to § 40-2-129, C.R.S., which establishes a framework that holds utilities
and non-utility bidders to similar standards when it comes to providing BVEM
information. Specifically, 8 40-2-129, C.R.S. requires utilities to obtain (i.e., from
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bidders) and provide to the Commission the BVEM documentation in response to the
four metrics. When a utility proposes to construct new generation facilities of its own,
the utility is required to provide similar information to the Commission. To ensure that
the BVEM information provided by either a bidder or the utility is substantive, § 40-2-
129, C.R.S. requires: (1) provision of the BVEM documentation; or, (2) in the alternative,
certification of compliance with objective BVEM performance standards set forth in the
solicitation document. The Commission may waive the requirements of (1) and (2)
where a Project Labor Agreement (“PLA”) is utilized (similar to the contracting structures
that the Company has used and advanced in its Community Resiliency Initiative, EV
Infrastructure, and Company-Owned Community Solar Garden aspect of its last RES
Plan proceeding).

At the Commissioners’ Weekly Meeting on March 24, 2021, the Commission discussed
the rulemaking at length and decided to not adopt new rules as a result of the
proceeding.® However, one of the items the Commission focused on in those
deliberations was BVEM. The Commission stated that the more detailed BVEM-related
provisions reflected in Proposed Rule 3613 will be required and that bidders should
know that this information is necessary for their bids to be accepted. Additionally, the
Commission stated that it expects the Company to include the more detailed BVEM
requirements in its RFP documents. Accordingly, the RFP documents contained in
Volume 3 state that the Company can and will disqualify bids that provide insufficient
BVEM as part of their bid packages.

The more detailed BVEM information requirements are reflected in Proposed Rule 3613
and reproduced below for reference. This additional language provides further detailed
guidance to prospective bidders to assist them with providing detailed and robust BVEM
information.

Proposed Rule 3613: Best Value Employment Metrics

Best value employment metric information regarding each proposed new utility resource
shall include the following information.

(@) The availability of training programs, including training through apprenticeship
programs registered with the United States Department of Labor, Office of
Apprenticeship and Training. The utility or bidder shall provide, for example and
as applicable, the following information for each craft the utility anticipates will
work on the project:

(I) availability of training programs;

46 As of this writing, the Commission’s written Decision is pending.
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(b)

(€)

(d)

(I1) the names of specific training programs available;

(1) the curriculum of the specific training programs;

(IV) the cost of worker training;

(V) the duration of the training programs;

(V1) the total number of hours of on-the-job training required,;

(V1) the total number of classroom hours required;

(VIN) the licenses and certifications obtained, if any;

(IX) a copy of training program standards for each training program; and

(X) a statement whether the training programs are United States Department of
Labor registered apprenticeship programs and are accredited to award college
credits.

The employment of Colorado workers as compared to importation of out-of-state
workers. The utility or bidder shall provide, for example and as applicable, the
following information for each craft the utility anticipates will work on the project:

(1) estimated number of workers by job classification;

(I) estimated length of time of service, including total man hours, by job
classification;

(111 percentage of Colorado workers by job classification; and

(IV) percentage of project man hours earned by Colorado workers by job
classification.

Long-term career opportunities. The utility or bidder shall provide, for example
and as applicable, the following information for each craft the utility anticipates
will work on the project: job classifications, licenses, certifications and skills that
will be applied and the long-term career opportunities for each job classification;
and

Industry-standard wages, health care, and pension benefits. The utility or bidder
shall provide, for example and as applicable, the following information for each
craft the utility anticipates will work on the project:

(I) range of wages by job classification;
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(I1) healthcare benefits by job classification;

(I11) pension benefits by job classification;

(IV) prevailing wages and fringe benefits (healthcare benefits, pension benefits
and other compensation) based on industry standards and the current Colorado

labor agreements by job classification; and

(V) wages and fringe benefits (healthcare benefits, pension benefits and other
compensation) by job classification.
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2.17 CONFIDENTIAL AND HIGHLY CONFIDENTIAL INFORMATION

In this Section, the Company provides lists of the information related to the ERP plan
proceeding that the Company considers public, confidential, and highly confidential as
required by Rule 3604()).

Public Information

The following Public Service information that is relevant to the 2021 ERP & CEP is or
will be public information, either as a result of Public Service’s filing the information in
Phase | or Phase Il of the 2021 ERP & CEP or due to a prior filing with the Commission,
the State of Colorado, or federal agencies:*’

Public Service Company of Colorado Information

e Sales by Customer Class
Revenue by Customer Class
Number of Customers by Customer Class
Sales by Tariff
Revenue by Tariff
Sales per Customer by Tariff
Revenue per kWh by Tariff
Sales Made to Wholesale Customers
Revenue from Sales to Wholesale Customers
Affiliate Transactions
Reserve Margin
Contingency Plan
Resource Need for Resource Acquisition Period
Renewable Energy Standard
RES Compliance Position
Renewable Energy Standard Adjustment

. Balance
. Forecast

e Sales and Demand Forecast

= Total Sales

= Total Demand

= Sales by Customer Class

= Demand by Customer Class
e Aggregate CO2 Cost Projection
e Monthly On/Off Peak Market Prices
e Market Emissions Assumptions

47 Information listed is not all inclusive.
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Company-Owned Generation Resource Information
Aggregate Cost of Production
Energy Production
Depreciation and Amortization Expense
Estimated Average Service Life
Peak Load
Plant Hours Connected to Load
Capacity
Plant Production Costs
Average Cost per kWh
Average Heat Rate
Total Fuel Consumed
Fuel Types
Capacity Factor
Avalilability Factor
Estimated Remaining Useful Lives
Total Emissions by Type
Plant Emissions by Type
Total Fuel Used by Type
Fuel Cost

= Historical Coal Cost

= Historical Gas Cost

= Coal Cost Projection

= Gas Cost Projection
Purchased Generation Resource Information
Capacity
Energy Purchased
Cost of Energy Purchased
Contract Duration
Contract Modification Terms

Transmission Resource Information

Operating Costs

Wheeled Energy

Wheeled Capacity

Wheeling Revenue

Purchase and Sale of Ancillary Services
Peak Load

Line Size and Length

Capacity from Wheeling and Coordination Agreements
Planned Additions

Injection Capability
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EnCompass Model Data
Input Information
Inflation Rate
Federal Tax Rate
State Tax Rate
Discount Rate
Weighted Average Cost of Capital
Variable O&M Escalation Rate
Fixed O&M Escalation Rate
Construction Cost Escalation Rate
SOz Pricing
NOx Pricing
CO2 Pricing
Wind Integration Costs
Wind Related Coal Cycling Costs
Solar Integration Costs
Natural Gas Price Volatility Mitigation Adder (PVM)
Annual / Monthly Peak Demand
Annual / Monthly Total Energy Demand
Line Loss Assumptions
DSM Forecast
Load Management Resources
Reserve Margin Requirements
Spinning Reserve Requirement
Wind Curtailment Pricing
System Average Colorado Coal Prices
System Average PRB Coal Prices
Blended Natural Gas Prices — not proprietary forecasts
Oil Prices
Capacity Credit Pricing
Capacity Credit Limits
In-Service Dates
Retirement Dates
Unit Capacities
PPA In-service Dates
PPA Retirement Dates
PPA Capacities
Generic Resources
= Name Plate Capacity
=  Summer Peak Capacity
= Capital Costs
= Transmission Interconnection Costs
= Transmission Grid Upgrade Costs
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Firm Fuel Supply Costs

Book Life

Fixed O&M

Variable O&M

Heat Rate Curves

Forced Outage Rates

Typical Annual Maintenance Requirements
CO:2 Emission Rate

NOx Emission Rate

SOz Emission Rate

Output Information
Annual System Peak
Annual System Capacity Obligation
Total System Capacity
Capacity Additions (Expansion Plans)
Capacity Retirements
System Capacity Mix Aggregated into the Following Categories
= Load Management
Coal
Carbon Free Baseload
Biomass
Gas Combined Cycle
Gas Combustion Turbine
ol
Hydro
Pumped Storage
Wind
Solar
Geothermal
System Purchases / Sales
= SPS Interchange
e System Emissions

= CO2

= SO2

= NOx

= PM

= Mercury

e System Fuel Burn
= Natural Gas
= Coal
= QOil
e Revenue Requirements for Capital Projects (not all Public Service
capital projects are modeled) Aggregated into the Following Categories
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Coal

Carbon Free Baseload

Biomass

Gas Combined Cycle

Gas Combustion Turbine

0]]

Hydro

Pumped Storage

Wind

Solar

Geothermal

e Fixed Costs Including Fixed O&M and PPA Capacity Payments

Aggregated into the Following Categories

= Coal

Carbon Free Baseload

Biomass

Gas Combined Cycle

Gas Combustion Turbine

0]]

Hydro

Pumped Storage

Wind

Solar

Geothermal

Capacity Credits

e Energy Costs Including Fuel, Variable O&M, and Energy Payments

Aggregated into the Following Categories

= Coal

Carbon Free Baseload

Biomass

Gas Combined Cycle

Gas Combustion Turbine

oll

Hydro

Pumped Storage

Wind

Solar

Geothermal

Short-term Energy Purchases

e Total Emission Costs

= CO2
= NOx
= SO2
= PM
= Mercury
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Total PVM Costs

Total Wind Integration Costs

Total Wind Related Coal Cycling Costs
Total Wind Curtailment Costs

Total DSM Costs

Concerning the EnCompass model that the Company used to represent the Public
Service system,*® the model has millions of discrete data points that it uses to represent
the Public Service system. The model is very much an organic model whose raw inputs
are not in discrete files that can be provided or that would be easily understood or
manipulated. Specific questions concerning derivations of EnCompass inputs will likely
receive a specific and useful response. Public Service cautions that the Company
cannot answer all non-specific EnCompass input questions. An example of a non-
specific question would be: “Provide all EnCompass input files,” or “Provide all
EnCompass input files and assumptions.” There are no such files, and the assumptions
are too numerous to list in a productive manner. However, subject to Commission
approved treatment of confidential data, the fully resolved EnCompass database (i.e.
final model data only, without underlying support) is easily exportable from the model
itself.

Confidential Information

Public Service will seek to protect the following proprietary information as confidential
information:

EnCompass Model Data
Input Information
Hourly Load Patterns
DSM Hourly Patterns
System carbon rate
Market Import Constraints
Unit Seasonal Deration Profiles
Unit Variable O&M
Unit Fixed O&M
System Annual Fixed Gas Delivery Charges
Unit Average Maintenance Requirements
Unit Average Forced Outage Rate
Unit Contribution to Spinning Reserve
Unit Level Economic Minimum

48 The model was used to produce alternative plans for the Phase | filing and will be used to evaluate the
bids in a solicitation.
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e Unit Level Emergency Minimum
e Unit Emission Rates

= SO2

= NOx

= CO2

= PM

= Mercury

e PPA Capacity Pricing (to the extent the counter party agrees to allow
contract terms to be divulged)

e PPA Energy Pricing (to the extent the counter party agrees to allow
contract terms to be divulged)

e PPA Energy Schedules (to the extent the counter party agrees to allow
contract terms to be divulged)

e PPA Contribution to Spinning Reserves

e PPA Seasonal Capacity Derate Profiles

e PPA Emission Rates

= CO2

= SO2

= NOx

= PM

= Mercury
. Hourly Wind Patterns
. Hourly Solar Patterns

Output Information

Unit Level Maximum Capacity

Unit Level Summer Accredited Capacity

Unit Level Generation

Unit Level Fuel Consumed

Unit Level Average Heat Rate

Unit Level Total Variable O&M

Unit Level Fixed O&M

DSM Hourly Patterns

Unit Level Capital Expenditures (note not all Public Service capital

expenditures are modeled)

e Unit Level Rate Base (note rate base not modeled for all Public
Service units)

e Unit Level Revenue Requirements (note revenue requirements not
modeled for all Public Service units)

e Unit Level Emissions

u NOx
= SO
= CO2
= PM
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= Mercury

PPA Maximum Capacities

PPA Summer Accredited Capacities

PPA Generation

PPA Capacity Factors

PPA Total Energy Payments (to the extent the counter party agrees to

allow contract terms to be divulged)

e PPA Total Capacity Payments (to the extent the counter party agrees
to allow contract terms to be divulged)

e PPA Emissions

= NOx

= SO2

= CO2

= PM

= Mercury

Highly Confidential Information

Public Service will seek to protect the following proprietary information as highly
confidential information:

Unit Level Delivered Fuel Costs

Hourly Market Price Data

Unit Level Heat Rate Curves

Unit Detailed Maintenance Schedules

Bid Information of any Sort (from the Company and from other entities)

Any information protected by confidentiality clause of a PPA

EnCompass Files

Forecasted Unit Level data included in Clean Energy Plan Guidance Verification
Workbooks (completed by the Company with Company-specific data and created
by the Air Pollution Control Division (“APCD”) at the Colorado Department of
Public Health & Environment (“CDPHE")

Information that Public Service will Provide Bidders

Public Service will provide the following Public Service-developed information to bidders
with respect to their own bids after initial bid screening and before EnCompass
modeling:

Levelized Cost of Energy or Capacity (LEC or LCC), as applicable
Estimated Transmission Interconnection Costs, as applicable
Estimated Transmission Network Upgrades, as applicable

Gas Supply Costs, as applicable

Intermittent Renewable Integration Costs or Credits, as applicable
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Protection of Bid Information, Modeling Inputs and Assumptions, and Bid
Evaluation Results

Public Service will seek to protect all bid information and bid evaluation results
(including Company self-build proposals) that would reveal specific bid pricing or other
bid information, as highly confidential information in accordance with the Commission’s
rules, until completion of the resource acquisition process (i.e., until the last contract for
a resource that meets a portion of the 2021 ERP & CEP resource need is executed).
Upon completion of the resource acquisition process, Public Service will post on its
website the following bid information as required by Rule 3613(k):

Bidder Name

Bid Price (Utility Cost for Utility—Owned Proposals)
Generation Technology Type

Size of Facility

Contract Duration (Expected Useful Life of Utility Resource)
Purchase Option Detalils as relevant

Additionally, as required by Rule 3613(j), within fourteen months after the receipt of bids
in the competitive acquisition process, the Company will file a proposal in the ERP
proceeding that addresses the public release of all confidential and highly confidential
information related to bids for potential resources and resources the utility proposed to
build and own (e.g., the 120-Day Report, the independent evaluator’s report, and all
documents related to these reports filed by the Company, parties, or the independent
evaluator). Pursuant to the process set forth by Rule 3613(j), parties will have 30
calendar days after the Company files its proposal to file responses, and the Company
may reply to any responses filed within ten calendar days. The Commission then
issues an order specifying to the Company and other parties the documents that shall
be refiled as public information.
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2.18 UPDATED STUDY REPORTS

Pursuant to Commission Decision No. C17-0316 (Phase | Decision) and Decision No.
C18-0761 (Phase Il Decision) in the 2016 ERP, Proceeding No. 16A-0396E, the
Commission directed the Company to file certain updated studies with its next ERP.
Accordingly, Table 2.18-1 below summarizes the updated studies, the 2016 ERP
Decision reference, and where the updated study report can be found in the Company’s
2021 ERP & CEP. Asreflected in Table 2.18-1, the updated study reports are attached
as Appendices to Volume 2 and are also provided as an attachment to the Direct
Testimony of the Company witness that sponsors the respective study.

Table 2.18-1 Summary of Updated Study Reports

Where in 2021 ERP

Updated Study Required By Filing
Planning Reserve Margin and | Decision No. C17-0316, 1 49, Appendix A; and
Resource Adequacy Study Ordering 15 Attachment KDC-1

Flex Reserve and
Supplemental Flex Reserve

Decision No. C17-0316, 1
145, Ordering { 13; and
Decision No. C18-0761, 11
139(b)-140, Ordering 1 8

Appendix B and
Appendix C;
Attachment KLS-3 and
Attachment KLS-4

Wind and Solar Integration Decision No. C18-0761, 11

139(c-d)-140, Ordering 1 8

Appendix D; and
Attachment KLS-1

Decision No. C18-0761, 11
139(a)-140, Ordering { 8

Storage Credits and Operation Volume 2, Section 2.10

Decision No. C18-0761, 11
139(e)-140, Ordering 7 8

Effective Load Carrying
Capability

Appendix E; and
Attachment KLS-2

Decision No. C17-0316,
156, Ordering Y 14

Coal Supply Report Appendix F
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