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VOLUME 6: INTEGRATED RESOURCE ANALYSIS

PURPOSE: This rule requires the utility to design alternative resource
plans to meet the planning objectives identified in 4 CSR 240-22.010(2) and
sets minimum standards for the scope and level of detail required in
resource plan analysis, and economically equivalent analysis of alternative
resource plans. This rule also requires the utility to identify the critical
uncertain factors that affect the performance of alternative resource plans
and establishes minimum standards for the methods used to assess the

risks associated with these uncertainties.

SECTION 1: RESOURCE PLANNING OBJECTIVES

(1) Resource Planning Objectives. The utility shall design alternative
resource plans to satisfy at least the objectives and priorities identified in 4
CSR 240-22.010(2). The utility may identify additional planning objectives
that alternative resource plans will be designed fo meet. The utility shall
describe and document its additional planning objectives and its guiding
principles to design alternative resource plans that satisfy all of the

planning objectives and priorities.

The fundamental objective of all the alternative resource plans is to provide the
public with energy services that are safe reliable and efficient. The plans comply
with current legal mandates in a manner that serves the public interest and is

consistent with state energy and environmental policies.

All of the Alternative Resource Plans developed are based upon the impact of
future renewable generation requirements for KCP&L. In Missouri, these
requirements are based on Rule 4 CSR 240-20.100 which requires that an
electric utility's compliance with the Renewable Energy Standard (RES) is based
on fotal retail electric sales, or total retail electric energy usage, delivered in each
year to its Missouri retail customers. For the state of Kansas, pursuant to

Kansas statues and standards, an affected ulility is required to provide net
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renewable generation capacity based on its Kansas retail one-hour peak demand
for each of the previous three calendar years and the average for these years.
The specific renewable portfolio and RES requirements are provided in Section
3.1 below.,

Other items that drove plan selection for this filing are the impact of demand side
management (DSM) programs, potential coal unit retirements, choice of
alternative generation, natural gas conversion, imposition of environmental rules,
and the Southwest Power Pool's capacity margin requirements. Other factors
were also analyzed, but were determined not critical to the selection of
alternative resource plans. Details of these additional factors and how they were

examined are given in Section 5: of this document.

As required by Rule 22.010(2), demand-side resources were analyzed on an

equivalent basis with supply-side resources.

Net present value of revenue requirements (NPVRR) of each plan including
probable environmental costs (PEC) was calculated. Minimization of NPVRR
with PEC was used as the primary criteria for determination of the ordinal
preference of a particular plan. Risks associated with critical uncertain factors,
those associated with new or more stringent legal mandates are included in the
integrated analysis of the resource planning process. Rate increases associated
with the alternative resource plans are determined in the analysis as well. All

performance measures are detailed in Section 2: of this document.
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SECTION 2: PERFORMANCE MEASURES

(2} Specification of Performance Measures. The utility shall specify,
describe, and document a set of quantitative measures for assessing the
performance of alternative resource plans with respect to resource

planning objectives.
(A) These performance measures shall include at least the following:

1. Present worth of utility revenue requirements, with and without any rate
of return or financial performance incentives for demand-side resources

the utility is planning to request;

Annual Revenue Requirement is calculated by totaling all expenses of the
company in a year plus the return on rate base. The rate base increases as
capital expenditures grow and plant is placed into service, but is reduced by
depreciation and amortization of assets. This measure includes the total cost of
operation of the company and any costs associated with probable environmental

compliance.

The NPVRR is calculated by applying the discount rate consistent with rule 4
CSR 240-22.060 (2) (B) to the future estimated Annual Revenue Requirement to
estimate the total future requirement on a present value basis. This value is the

primary measure of plan financial performance.

DSM expenditures have been expensed in the year that they are incurred, so
there is no increase to rate base for these outlays. The impact of DSM assumed

financial performance incentives has been shown in the performance measures.
2. Present worth of probable environmental costs;

The Present Worth of Probable Environmental Cosis are determined by
removing all capital and O&M costs from future environmental retrofits to

estimate the cost of utility operations absent environmental expenditures. These
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results are compared to the NPVRR of the plans with environmental costs to
determine the cost of these laws on total company operation and financial

performance.

CO, credits are assumed to be a market risk. In the integrated analysis,
endpoints contain different assumptions of CO; credit prices or no CO; market at
all. Therefore the analysis of plans without PEC is calculated both with and

without a CO; market.

3. Present worth of out-of-pocket costs to participants in demand-side

programs and demand-side rates;

The cost of DSM programs is an input to the integrated analysis. As such itis an
exogenous driver of each plan and does not exhibit variability within the analysis
of an individual plan. The present value of these programs is calculated using
the estimated future costs of the programs and applying the discount rate
consistent with rule 4 CSR 240-22.060 (2) (B).

4. Levelized annual average rates;

Annual average rates are calculated by dividing the total estimated annual
revenue requirement, calculated as described earlier in this section, by the
forecasted total retail energy sales volume. The levelized value is the simple

average of the 20-year estimate of annual rates.
5. Maximum single-year increase in annual average rates;

Single year increases (and decreases) in rates are developed as year-over-year
percent change to the rate calculation as described earlier in this section. The

Maximum value is determined from the highest year-over-year percent change.

6. Financial ratios (e.g., pretax interest coverage, ratio of total debt to total
capital, ratio of net cash flow to capital expenditures) or other credit
metrics indicative of the utility’s ability to finance alternative resource

plans; and

Volume 6: Integrated Resource Plan and Risk Analysis 4




The company uses three financial metrics; pretax times interest earned, total

debt to total capital and internal cash to construction expense.

7. Other measures that utility decision makers believe are appropriate for
assessing the performance of alternative resource plans relative fo the
planning objectives identified in 4 CSR 240-22.010(2).

The Company finds that the required financial measures provide an appropriate

indication of financial performance. No additional measures are proposed

(B} All present worth and levelization calculations shall use the utility
discount rate and all costs and benefits shall be expressed in nominal

dollars.

For all purposes in this analysis, a discount rate of 8.090% has been utilized.
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SECTION 3: ALTERNATIVE RESOURCE PLANS

(3) Development of Alternative Resource Plans. The utility shall use
appropriate combinations of candidate demand-side resources and supply-
side resources to develop a set of alternative resource plans, each of which
is designed to achieve one (1) or more of the planning objectives identified
in 4 CSR 240-22.010(2}). Demand-side resources are the demand-side
candidate resource options and portfolios developed in 4 CSR 240-
22.050(6). Supply-side resources are the supply-side candidate resource
options developed in 4 CSR 240-22.040(4). The goal is to develop a set of
alternative plans based on substantively different mixes of supply-side
resources and demand-side resources and variations in the timing of
resource acquisition to assess their relative performance under expected
future conditions as well as their robustness under a broad range of future

conditions.

Alternative Resource Plans were developed using a combination of various
capacities of supply-side resources, demand-side resources, and various

resource addition timing.
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31 DEVELOPMENT OF ALTERNATIVE RESOURCE PLANS

(A) The utility shall develop, and describe and document, at least one (1)
alternative resource plan, and as many as may be needed to assess the
range of options for the choices and timing of resources, for each of the
following cases. Each of the alternative resource plans for cases pursuant
to paragraphs (3)(A)1.—(3)(A)5. shall provide resources to meet at least the
projected load growth and resource retirements over the planning period in

a manner specified by the case. The utility shall examine cases that—

1. Minimally comply with legal mandates for demand-side resources,
renewable energy resources, and other mandated energy resources. This
constitutes the compliance benchmark resource plan for planning

purposes;

All Alternative Resource Plans comply with the respective State renewable
energy mandates {(Missouri Renewable Energy Standard and Kansas Renewable
Energy Standard) and demand-side mandates excluding the Persistence DSM
found in alternative resource ptan KAADA. KCP&L is compliant with Missouri
RES requirements; the wind additions included in this filing are driven by Kansas

RES requirements.

A recap of the Renewable Energy Standard (RES) model supporting renewable

non-solar additions is provided in Table 1 below:
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Table 1: KCP&L Non-Solar Renewable Requirements

2017 1,604
2018 ke 1803 [
2019 1,598
20200 ol e ees i 20% 0k
2021 1,591

L P02 b gl T b
2023 1,592
D024 1898 0
2025 1,606
2026 L 1616 1 20
2027 1,627

Lo Q028 0 F 46400 1 o20% b
2029 1,695
20300 ¢ oaeT
2031 1,687
2033 1,723
2034 b yar o 20% b

2. Utilize only renewable energy resources, up to the maximum potential
capability of renewable resources in each year of the planning horizon, if
that results in more renewable energy resources than the minimally
compliant plan. This constitutes the aggressive renewable energy resource

plan for planning purposes;
Alternative Resource Plan KAACW was developed to meet this rule.

3. Utilize only demand-side resources, up to the maximum achievable
potential of demand-side resources in each year of the planning horizon, if
that results in more demand-side resources than the minimally compliant
plan. This constitutes the aggressive demand-side resource plan for

planning purposes;

Any Alternative Resource Plan that has a leiter “A” as the fourth character is

utilized Maximum Achievable Potential DSM.
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4. In the event that legal mandates identify energy resources other than
renewable energy or demand-side resources, utilize only the other energy
resources, up to the maximum potential capability of the other energy
resources in each year of the planning horizon, if that results in more of the
other energy resources than the compliance benchmark resource plan. For
planning purposes, this constitutes the aggressive legally-mandated other

energy resource plan;
No other legal mandates have been identified.

5. Optimally comply with legal mandates for demand-side resources,
renewable energy resources, and other targeted energy resources. This
constitutes the optimal compliance resource plan, where every legal
mandate is at least minimally met, but some resources may be optimally

utilized at levels greater than the mandated minimums;

All Alternative Resource Plans comply with the renewable energy mandates
(Missouri RES) and demand-side mandates excluding the Persistence DSM
Alternative Resource Plan KAADA.

6. Any other plan specified by the commission as a special contemporary
issue pursuant to 4 CSR 240-22.080(4);

No Alternative Resource Plans were required to evaluate any special

contemporary issues.
7. Any other plan specified by commission order; and
There are no other plans specified by commission order.

8. Any additional alternative resource plans that the utility deems should be

analyzed.

KCP&L also considers it prudent resource planning to develop and analyze

alternative rescurce plans that are based upon KCP&L and GMO combining
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resources. Evaluating alternative resource plans on a joint planning basis can
provide a platform to determine if joint planning “serves the public interest” as
mandated in 4 CSR 240-22.010 Policy Objectives.

Alternative resource plans were developed using a combination of various
capacities of supply-side resources, demand-side resources and various
resource addition timing. The plan-naming convention utilized for the joint

planning Alternative Resource Plans developed is shown in Table 2 below:

Table 2: Joint Planning Alternative Resource Plan Naming Convention

NAMING CONVENTION FOR ALTERNATIVE RESOURCE PLANS
FOR THE 2015 GPE TRIENNIAL IRP

Befinitions: 5.3 - Sibley -3

RAP - Realistic Achiavable Potential M-2 - Montrose-2 C¥ - Combustion Turbine
MAP - Maximum Achievable Potential M-3 - Montrose-3 CL - Cambined Cycle

Various joint company Alternative Resource Plans were derived and an overview
of each is provided in the tables below. It should be noted that each joint
planning Alternative Resource Plan assumes cease burning coal at Montrose
Units 1, 2, and 3, and Sibley Units 1 and 2.

Volume 6: Integrated Resource Plan and Risk Analysis 10




Table 3: Overview of Joint Planning Alternative Resource Plans

‘Burning Coal-
Sibley-1 2019
sibley-2 2019 Solor: wind:
; Lake Road 4/6 Convert to Gas ' 2016 - 350 MW
CAEFA Option F Montrose-1 2016 220‘?: 'fz":q“\; 2017 -560 mw | 207 MW CTin 2031
Montrose-2 2019 2019 - 50 MW
Montrose-3 2019
Sibley-1 2019
Sibley-2 2018 Solar: Wind:
) Lake Road 4/6 2020 : 2016 -350 MW | 207 MW CT in 2029
CBBFA Option F Montrose-1 2016 22062155 'fz’;va 2017 - 560 MW | 207 MW CT in 2033
Montrose-2 2021 2019-50 MW
Muontrose-3 2021
Sibley-1 2019
Siblay-2 2019 solar: Wind:
Lake Road 4/6 2020 : 2016-350 MW | 207 MW CT in 2020
i 2016-
CBCFA Option F Montrose-1 2016 2;2: 182':’::“ 2017 - 560 MW | 207 MW CT in 2033
Montrose-2 2019 2019 - 50 MW
Montrose-3 2019
Sibley-1 2019
Sibley-2 2019 Wind:
Solar; 207 MW Exi i
) Lake Road 4/ 2020 r 2016- 350 Mw |20 Existing CC in
CBCFC Option Montrose t 2046 006-8MW | oW 2016
Montrose.2 201 2026-12mw | Dt | 207 MW CTin 2033
Montrose-3 2019
sibley-1 2019
sibley-2 2018
¥ Wind: 207 MW Existing €Cin
Sibley-3 2020 Solar: 2016 - 350 MW 2016
CLDFC Option F L::::t‘::f:i & ;gi: 22:;: 'f;:ﬂ“:’v 2017 -560 MW | 414 MW CTin 2020
Mot ro1s 2019-50 MW | 207 MW CTin 2034
Montrose-3 2019
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Table 4: Overview of Joint Alternative Resource Plans (continued)

Sibley-1 2019
Sibley-2 2019 Solar: Wind: 207 MW CTin 2019
A Lake Road 4/6 2020 . 2016 -350 MW | 207 MW CTin 2026
CBCCA | OptionC |y ntrose-1 2016 22002’;5 '182':\:“;‘; 2017 - 560 MW | 207 MW CTin 2030
Montrose-2 2019 . 2019 -50 MW | 207 MW CTin 2034
Montrose-3 2013
Sibley-1 2019 207 MW Existing CC
sibley-2 2019 ot Wind: a0t
. Lake Road 4/6 2020 oar: 2016 - 350 MW
CBCCC Option C 2016 - 8 MW 207 MW CTin 2026
Montrose-1 2016 2026 - 12 MW 2017 - 560 MW 207 MW CT 1 2030
Montrose-2 2019 i 2019-s50mw |2 T I" 2034
Montrose-3 2019 n
Sibley-1 2019
Sibley-2 2019 ) 207 MW Existing CC
Wind: .
Sibley-3 2020 Solar: 2016 - 350 MW in 20156
cepee Option C Lake Road 4/6 2020 2016-8 MW 2017 - 560 MW 414 MW CTin 2020
Montrose-1 2016 2026 - 12 MW 207 MW CT in 2027
2019 - 50 MW .
Montrose-2 2018 207 MW CTin 2031
Montrose-3 2019

All plans assuming joint planning were each subjected to similar analysis as the

integrated analysis for each of the stand-alone company plans. The resulting

expected value NPVRR for each of the joint planning Alternative Resource Plans

is detailed in the table below.

29,1530

29,181.08

29,216.81

29,274.40

w0 ]~ o wn e fw ol

| 2908186 | a7

Volume 6: Integrated Resource Plan and Risk Analysis

Table 5: Joint Planning Alternative Resource Plan Results

12




(B) The alternative resource plans developed at this stage of the analysis
shall not include load-building programs, which shall be analyzed as
required by 4 CSR 240-22.070(5).

No load-building programs have been included as a resource in any alternative

resource plan.

(C) The utility shall include in its development of alternative resource plans

the impact of—
1. The potential retirement or life extension of existing generation plants;

KCP&L modeled ceasing burning coal at Montrose Unit 1 by 2017, and Montrose
Units 2 and 3 by 2022 or by 2020. An Alternative Resource Plan which included

retiring LaCygne Unit 2 was also evaluated.

2. The addition of equipment and other retrofits on generation plants to

meet environmental requirements; and

Retrofits and other actions potentially expected to comply with currently proposed
environmental regulations and assumed compliance dates are modeled for

KCP&L’s remaining coal units. The following table provides current assumptions
regarding these expected environmental regulations and the retrofits and actions

being presumed to meet compliance.
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(Expected).

ACI, ESP

(PM NAAQS)

Mercury and Air Toxics Standards {MATS) | Merc:rcyl, PM, April, 2016 Judicial review ongoing. improvements,
Low Chiovine Coal. |
Ozone National Ambient Air Quality Under revision by EPA, final
SNCR
Standards {O; NAAQS) NO, (2021) rule October 2015
M Nati i i fi Final rule issued - KC area
P ational Ambient Air Quality Standards PM, S0, NO, (2023) ina u SCR {on all units)

in attainment

50, National Ambient Air Quality Standards

Final Rule issued - KC area

Scrubber/BH

Effiuent Guidelines

Constituents

{2018-2023)

(S0, NAAQS) S0, (2020-2023} attamment/nonattam_ment (on alf units)
currentlv undetermined _
Clean Water Act 316(b} (2016-2020) Final rule issued, judicial Fish Friendly
(Fish tmpingment) review ongoing Screens
Clean Water Act 316(b) i (2020) Final rule issued, judicial Cooling Towers
(Fish Entrainment) review ongoing
. . . Cooling Towers
Clean Water Act 316(a) (2015-2024) KCP&L in discussion with (river unit i
{Thermal Discharge) ) ) MONR/EPA rrver units eartier,
_ e lake units later)
Wastewater

Final Rule September 2015

Cease Wet Sluicing|

Coai Combustion Residual (CCR)

Ash/Water

(2018-2019)

Final Rule December 2014

Cease Wet
Sluicing/Increased
Pust Controls
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3. The conclusion of any currently implemented demand-side resources,
Alternative Resource Plan KAADA was developed to evaluate this rule.

(D} The utility shall provide a description of each alternative resource plan
including the type and size of each demand-side resource and supply-side
resource addition and a listing of the sequence and schedule for the end of

life of existing resources and for the acquisition of each new resource.

Alternative Resource Plans were developed using a combination of various
capacities of supply-side resources, demand-side resources, retrofit and
resource addition quantities and timing differences. The plan-naming convention
utilized for KCP&L’s Alternative Resource Plans deveioped is shown in Table 7

below:

Table 7: Alternative Resource Plan Naming Convention
Definitions:
RAP - Realistic Achievable Potential ME-2 - Montrose-2 CT - Combustion Turbine
MAP - Maximurn Achievable Potential M-3 - Montrose-3 CC « Combined Cycle

In total, fifteen Alternative Resource Plans were developed for the integrated
resource analysis. The following tables provide an overview of the Alternative
Resource Plans. Note that wind and solar additions shown are based on
nameplate capacity. Each individual plan is shown in Table 12 through Table 26

below.
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verview of Alternative Resource Plans

Ontion A Montrose-1 2016 Solar: Wind:
KAAAA pMAP Montrose-2 2021 2016 -3 MW 2016 - 350 MW n/n
Montrose-3 2021 2026 -7 MW 2017 - 300 MW
. Montrose-1 2016 Solar: Wind:
Option A -
KAAAC MAP Montrose-2 2021 2016 -3 MW 2016 -350 MW | n/n
Montrose-3 2021 2026 -7 MW 2017 - 400 MW
Montrose 1 2016 .
] Solar: Wind:
Option A - -
KAAAD MAP Convert to NG: 2016 -3 MW 2016 - 350 MW n/n
Montrose-2 2019 2026 -7 MW 2017 - 300 MW
Montrose-3
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Option B Montrose-1 2016 Solar: Wind:
KAABA pRAP Montrose-2 2021 2016-3 MW 2016 - 350 MW n/n
Montrose-3 2021 2026 -7 MW 2017 - 300 MW
Ontion B Montrose-1 2016 Solar: Wind:
KAABC P RAP Montrase-2 2021 2016 -3 MW 2016 - 350 MW n/n
Montrose-3 2021 2026 -7 MW 2017 - 400 MW
Montrose 1 2016
Obtion B Solar: Wind:
KAABD P aap | ConverttoNG: 2016-3MW | 2016 -350 MW n/n
Montrose-2 2019 2026 -7 MW 2017 - 300 MW
Montrose-3
Option B Mantrose-1 2016 Solar: Wind:
KCCBA P RAP Montrose-2 2019 2016 -3 MW 2016 - 350 MW n/n
Montrose-3 2019 2026 -7 MW 2017 - 300 MW
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Table 10: Overview of Alternative Resource Plans (continued

Montrose-1 2016 Solar: Wind:

KAACA QOption C Montrose-2 2021 2016 -3 MW 2016 - 350 MW 207 MW CT in 2029
Montrose-3 2021 2026 -7 MW 2017 - 300 MW
Montrose-1 2016 Solar Win:

KAACB Option Montrose-2 2021 2016 -3 MW 2016 - 350 MW 200 MW CCin 2029
Mantrose-3 2021 2026 -7 MW 2017 - 300 MW
Montrose-1 2016 Salar; Wind:

KAACC Option C Montrose-2 2021 2016 -3 MW 2016 - 350 MW 207 MW CY in 2030
Montrose-3 2021 2026 -7 MW 2017 - 400 MW
M 20

ontrose 1 16 Solar: Wind:

KAACD Option C Convert to NG: 2016 - 3 MW 2016 - 350 MW n/n
Montrose-2 2019 2026 -7 MW 2017 - 300 MW
Montrose-3
Montrose-1 2016 Solar: Wind:

KAACW OptionC Montrose-2 2021 2015 -3 MW 2016 - 350 MW 670 MW Wind in 2029
Montrose-3 2021 2026 -7 MW 2017 - 300 MW
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Table 11: Overview of Alternative Resource P

ns (continued)

Montrose-1 2016 .
LaCygne-2 2019 Solar: Wind: 414 MW CT in 2021
KBBCA Option C Monfose ) Y021 2016-3MW | 2016-350MW | o O
-7TM .
Montrose.3 Y091 2026-7MW | 2017 -300 MW
Montrose-1 2016 Solar; Wind;
KCCCA OptionC | Montrose-2 2019 2016-3 MW | 2016-350 MW | 207 MW CTin 2029
Montrose-3 2019 2026 -7 MW 2017 - 300 MW
Oution D Montrose-1 2016 Solar; Wind: 207 MW CT in 2021
kaaDA | Ssi"t Montrose-2 2021 2016-3MW | 2016-350MW | 207 MW CTin 2025
CSISIENte | Montrose-3 2021 2026-7MW | 2017-300 MW | 207 MW CTin2031
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These individual plans are shown in the following tables:

Table 12: Alternative Resource Plan KAAAA

2015 |
2016
2017
2019
2022
2023
024 ]
2025
2027
Tao |
2029
20300 |
2931
2032
2033
2038 |

Plan KAAAA assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2021,
respectively. DSM: A Resource additions (if needed): CT’s
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Table 13: Alternative Resource Plan KAAAC

2015
S 20160 i
2017
2019
oz0200 |
2021
L2022
2023
3094
2025
2027
. 2028 |
2029 _
o030
2031
2032
2033
9034

ololelejeisio|oiolale

olojololalo|elels

Plan KAAAC assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2021,
respectively. DSM: A Additional wind, and resource additions (if needed): CT's

Volume 6: Integrated Resource Plan and Risk Analysis 21




KAAAD

29 4572
Copigsgool 3 b dge o T a3y

300 | 337 | 4432

| 4442
] st 1 1 s

1005 4442
o149 L e
1281 4457 |

2015 35 |
2017 410
oo2018 1 oom97 |
2019 786
20 954 |
2021 | 1106
o2 L e |
2023 1385

o jolololo ool
[=2]
o
[+2)

Plan KAAAD assumes M-1 ceases burning coal in 2016 and M-2 and M-3 are converted to
NG in 2021. DSM: A Resource additions (if needed): CT’s
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Table 15: Alternative Resource Plan KAABA

2015

4572

oogs0 0 b g o

2017

4432

T s |

S 4432 i

Plan KAABA assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2021,
respectively. DSM: B Resource additions (if needed}: CT’s
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lolojolalelolololoio|elole |l

Plan KAABC assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2021,
respectively. DSM: B Additional wind, and resource additions (if needed): CT’s
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Table 17: Alternative Resource Plan KAABD

2015

I 30 | 3 | 78

2017

o018 |

2019

o020

2021

2023

e |

2025

2026

2027

028

2029

2031

| 0%

2033

o038 |

lelololeloio|p|oloijoiololo|ololololalole]

Plan KAABD assumes M-1 ceases burning coal in 2016 and M-2 and M-3 are converfed to

NG in 2021. DSM: B Resource additions (if needed): CT'’s
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Table 18: Alternative Resource Plan KCCBA

ololololo

Q

slojsie|diololoclale

Plan KCCBA assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2019,
respectively. DSM: B. Resource additions (if needed): CT’s.
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Table 19: Alternative Resource Plan KAACA

2015
Tt |
2017
T |
2019

300 — 108 _ 4432

3
L0024

2027
o028 |
2029
" 030
2031
032 b 0 g
2033
2038

slelolojelololo|olololelo]o

Plan KAACA assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2021,
respectively. DSM: C Resource additions (if needed): CT's
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2015
2017
2018 |
2019 _
2021
2022 s
2023
2024 4 o
2025
oo |
2027
o028
2029 _ |
9030 bl
2031
2032
2033
© 2034

clojolololole|elolele

Pian KAACB assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2021,
respectively, DSM: C Resource additions (if needed}: CC’s
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Table 21: Alternative Resource Plan KAACC

2015

2016 | 0

2017

400

2019

2021

L2022

2023

7 %094 |

2025

Do |

2027

2029

colojc|olojo|oloiolociololalole

2031

2032 |

2033

ojola|o

Plan KAACC assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2021,
respectively. DSM: C Additional wind, and resource additions (if needed}: CT's
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KAACD

2015
" o016 |
2017
2018 |
2018
o020
2021
D022 i
2023
2025
20260
2027
L2008
2029
L2030
2031
032 4
: 2033
038 ]

;f}fBSO;ﬁ;ﬁ 1ﬁ¢f:giw?{ﬁf.752:;:.
300

olololejolololelalo|elolololaloisle|ole

Plan KAACD assumes M-1 ceases burning coal in 2016 and M-2 and M-3 are converted to
NG in 2021. DSM: C. Resource additions (if needed): CT's.
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Table 23: Alternative Resource Plan KAACW

2015

29

S350 o3

=

2017

103

_300 _ _

2019

139

020 b

2021

206

022l

T % 7 ae

2023

238

2025

234

7028 |

2029

2030

670

2031

o032 |

2033

2034

ololojojolololoic|ofololelololo|olelale

Plan KAACW assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2021,
respectively. DSM: C. Resource additions (if needed): Wind Only
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Table 24: Alternative Resource Plan KBBCA

300 ' 103_ _ _4432

139 329 413

o

S
e
&

N
&
£
Pt
NF

Plan KBBCA assumes M-1, LC-2, and M-2 and M-3 cease burning coal in 2016, 2019, and
2021, respectively. DSM: C Resource additions (if needed): CT’s.
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Table 25: Alternative Resource Plan KCCCA

Tl s w0 e
300 | 103 | Ad32

slololelolololalslols|o|e o

20 [ 1 ] s 1| amss

0
L 0

0
0

Plan KCCCA assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2019,
respectively. DSM: C. Resource additions (if needed). CT’s.
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2015

2017

o018 |

300 |

2019

2000}

ololololole

2021

207

L 15522';::5_* o

2023

0%

2025

0%

2027

2029

L2080

2031

032

207

2033

olololololojoloiolololole|elsic|olele

ciojo

Pian KAADA assumes M-1, and M-2 and M-3 cease burning coal in 2016 and 2021,

respectively. DSM: D Resource additions (if needed): CTs.
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SECTION 4: ANALYSIS OF RESOURCE PLAN
(4) Analysis of Alternative Resource Plans.

The utility shall describe and document its assessment of the relative
performance of the alternative resource plans by calculating for each plan
the value of each performance measure specified pursuant to section (2).
This calculation shall assume values for uncertain factors that are judged
by utility decision makers to be most likely. The analysis shall cover a
planning horizon of at least twenty (20} years and shall be carried out on a
year by year basis in order to assess the annual and cumulative impacts of
alternative resource plans. The analysis shall be based on the assumption
that rates will be adjusted annually, in a manner that is consistent with
Missouri law. The analysis shall treat supply-side and demand-side
resources on a logically-consistent and economically-equivalent basis,
such that the same types or categories of costs, benefits, and risks shall be
considered and such that these factors shall be quantified at a similar level
of detail and precision for all resource types. The utility shall provide the

following information:

(A) A summary tabulation that shows the performance of each alternative
resource plan as measured by each of the measures specified in section (2)

of this rule;

The expected value of each plan’s performance measures is provided below:
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Table 27: Expected Value Plan Performance Measures ** Highly
Confidential **

(B) For each alternative resource plan, a plot of each of the following over

the planning horizon:

1. The combined impact of all demand-side resources on the base-case

forecast of summer and winter peak demands;

The combined impact of all demand-side resources on the base-case forecast of
summer and winter peak demands is shown in the following three charts. Note
that Option D is Persistence DSM and therefore does not have any impact on

Peak Demand.
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pact - DSM Option A “* Highly Confidential **

Chart 2: Demand Side Impact - DSM Option B** Highl Con.fidetial >
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Chart 3: Demand Side Impact - DSM O

ion C ** Highly Confidential **
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2. The composition, by program and demand-side rate, of the capacity provided by demand-side resources;

The following three charts illustrate the combined capacity supplied by the three levels of DSM programs associated with
the Alternative Resource Plans. It should be noted that Option D is Persistence DSM and is included in each of the three
DSM levels.

Volume 6: Integrated Resource Plan and Risk Analysis 39




el

CIt% Com

—

BCHP @i Custom Rebates 8 Cl Prescriptive Rebates

& C) New Construction & small Business Direct Install # Bullding Operator Certification

# Home Perf. with ENERGY STAR 2 1| Weatherization @ Efficient Products

B Multifamily Rebate # Cool Homes B Appliance Turn-in

NERGY STAR Homes

B Energy Reports # Energy Education

interruptible Tariffs B Direct Load Controt B Pricing w/o Enabling Tachnology

Pricing w/ Enabling Technology Other DR

Volume 6: Integrated Resource Plan and Risk Analysis




e et e

-

Chart 5: Capacity C

B

i
‘Afﬁ%% -

#CHP

#Cl New Construction

#@Home Perf. with ENERGY STAR

£ Muitifarily Rebate

E:Energy Reports

Interruptible Tariffs

Pricing w/ Enabling Technology

8 Cl Custom Rebates

# Small Business Direct tnstall
L Weatherization

& Cool Homes

# Energy Educaiion

Direct Load Controt

Other BR

i

omposition - DSM Option B
Sieies e s sennn e

R

R e 2
S

P Febe
.

& ¢ Prescriptive Rebates

% Building Operator Certification

@ Eefficient Products

& Appliance Turp-n

f#ENERGY STAR Homes

£ Pricing w/o Enabling Technology

Volume 6: Integrated Resource Plan and Risk Analysis

41



¢ tion C

mposition — DSM

& Home Lighting Rebate

BHome Energy Report

#whole House Efficiency

# Income-Eligible Weatherization

#: Business Energy Efficiency Rebate - Standard

% Strategic Energy Management

# Online Building Energy Audit

Commercial Programmable Thermaostat

# Home Appliance Recycling Rabate
2 Online Home Erergy Audit

# Income-Eligible Multi-Famiby

# Residential Programmable Thermostat

# Business Energy Efficiency Rebate - Custom

& Block Bidding

B Small Business Direct Install

£ Demand Response incentive

Volume 6: Integrated Resource Plan and Risk Analysis

42



3. The composition, by supply-side resource, of the capacity supplied to
the transmission grid provided by supply-side resources. Existing supply-

side resources may be shown as a single resource;

The following charts provide the supply-side resource composition for each

Alternative Resource Plan.

R

C%art 7: A!ternatlve Resource Plan KAAAA Ca acit

S
.
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Chart 8. Alternatwe Resource Plan KAAAC Cagac1t¥

T e s

Ch rt 9: Alternative Resource Plan KAQAD | Capacny ;

ARG e S Winwm R fﬁﬁ%t"‘"w\\f"“ RO
.

Volume 6: Integrated Resource Plan and Risk Analysis 44




ce Plan KAABA -

R

Chart 10: Alternative Resour
e e Ry e o

S

T

Ca acit

cit

,

Volume 8: Integrated Resource Plan and Risk Analysis

45




Chart 12 Altemat:ve _Resource P!an KAABD CaPacit
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Chart 15 Aiternattve Resource Plan KAA\?B C%;?iamty
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Chart 16: Alternative Resource Plan KAACC - Capacity
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Chart 18: 7Alternat:ve Resource Plan KAACW - Ca acity
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4. The combined impact of all demand-side resources on the base-case

forecast of annual energy requirements;

The following three charts illustrate the combined energy supplied by the three
levels of DSM programs associated with the alternative resource plans. 1t should
be noted that Option D is Persistence DSM and therefore does not have any

impact on Peak Demand.

Chart 22: Annual Ener y Impact — DSM Option A
. . . .
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Chart 23: Annual Energy iImpact — D§M Option B
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5. The composition, by program and demand-side rate, of the annual energy provided by demand-side resources;

The following three charts illustrate the combined energy supplied by the three levels of DSM programs associated with

the Alternative Resource Plans. It shouid be noted that Option D is Persistence DSM and is included in each of the three
DSM levels.
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Chart 27: Energy Composition — DSM Option C
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6. The composition, by supply-side resource, of the annual energy supplied
fo the transmission grid, less losses, provided by supply-side resources.

Existing supply-side resources may be shown as a single resource;

The following charts detail the expected-value composition by supply-side
resource of all energy generated by the assets and supplied to the transmission
grid included in each plan. No allowances are developed for “losses” as it is not

possible to determine the exact source of energy for a particular lost megawatt-

hour of energy.

Chart 28: Annual Generatlon KAAAA
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Chart 31: Annual Generation KAABA
i % EEi S SR ey AT A
e

S & s
e Bl o

e

= 5 % %@“"}’i\; ¥ e .

e

o " i
L L S

Volume 6: Integrated Resource Plan and Risk Analysis 59




Volume 6: Integrated Resource Plan and Risk Analysis 60




ual
G

Chart 36: Annual Generation KAACB
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ghart 37 Annual Genera;_lon KAACC
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Chart 39 Annual Gen_eratlon KAAWCW
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Chart 41: Annual Generat:on KCCCA
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7. Annual emissions of each environmental pollutant identified pursuant to

4 CSR 240-22.040(2)(B),

The following charts detail the expected value of annual emissions in each

Alternative Resource Plan.

s

Chart 43 Aﬁnrpal Emiss!ons KAAAA V
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Chart 48_ Ann‘ua!_Emlssmns KAABD
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Chart 50: Annual Emlssmns KAACA

Chart 51: Annual Emlsswns KAACB
.?\‘«;@'g@gﬁ :\\% S - g

Volume 6: Integrated Resource Plan and Risk Analysis 69




i

Chart 53 Annual Emzss;ons KAACD
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Chart 56: Annual Emuss;ons KAADA
EEEE

Chart 57: Annual Emsssmns KCCCA
@f%*‘ R :

i i 55 ! gy
i - g\g 3@»% \?Ai?.{m\,.

] ‘ﬁ?“"*\?@mm&@w%“ .

Volume 6: Integrated Resource Plan and Risk Analysis 72




8. Annual probable environmental costs; and

The following table shows the annual probable environmental cost of each plan

on an expected value basis.

Chart 58: Probable Environmental Costs
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9. Public and highly-confidential forms of the capacity balance spreadsheets completed in the specified format;

The following tables provide the KCP&L forecast of capacity balance for the next 20 years for each of the Alternative Resource Plans

discussed elsewhere in this document.
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Table 28: Capacity Forecast - Alternative Resource Plan KAAAA **Highly Confidential**
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Table 29: Capacity Forecast - Alternative Resource Plan KAAAC **Hig Confidential**
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Table 30: Capacity Forecast - Alternative Resource Plan KAAAD **Highly Confidential™
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Table 31: Capacity Forecast - Alternative Resource Plan KAABA **Highly Confidential**
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Table 32: Capacity Forecast - Alternative Resource Plan KAABC **Highly Confidential**
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Table 33: Capacity Forecast - Alternative Resource Plan KAABD **Highly Confidential**

Volume 6: integrated Resource Plan and Risk Analysis




Table 34: Capacity Forecast - Alternative Resource Plan KCCBA **Highly Confidential**
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Table 35: Capacity Forecast - Alternative Resource Plan KAACA **Highly Confidential**
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Table 36: Capacity Forecast - Alternative Resource Plan KAACB **Highly Confidential*™

Volume 6: Integrated Resource Plan and Risk Analysis




Table 37: Capacity Forecast - Alternative Resource Plan KAACC **Highly Confidential**
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Table 38: Capacity Forecast - Alternative Resource Plan KAACD **Highly Confidential™
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Table 39: Capacity For i e Plan KAACW **Hig Confidential**
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Table 40: Capacity Forecast - Alternative Resource Plan KBBCA **Highly Confidential™
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Table 41: Capacity Forecast - Alternative Resource Plan KCCCA **Highly Confidential**
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Table 42: Capacity Forecast - Alternative Resource Plan KAADA **Hig Confidential*™* _
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(C) The analysis of economic impact of alternative resource plans,
calculated with and without utility financial incentives for demand-side
resources, shall provide comparative estimates for each year of the

planning horizon—

Each year of the planning period, all alternative plans are simulated with DSM
expensed in the year spent. Summary results for this analysis are provided in

the following Section.
1. For the following performance measures for each year:
A. Estimated annual revenue requirement;

B. Estimated annual average rates and percenfage increase in the average

rate from the prior year; and
C. Estimated company financial ratios and credit metrics; and

The following tables detail performance measures of each Alternative Resource
Plan, with and without incentive payments for DSM expenditures on an expected

value basis,
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Table 43: Economic Impact of Alternative Resource Plan KAAAA **Highly
Confidential **

Table 44: Economic Impact of Alternative Resource Plan KAAAC ** Highly
Confidential **
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Table 45: Economic Impact of Alternative Resource Plan KAAAD ** Highly
Confidential **

Table 46: Economic Impact of Alternative Resource Plan KAABA ** Highly
Confidential **
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Table 47: Economic Impact of Alternative Resource Plan KAABC ** Highly
Confidential **

Table 48: Economic Impact of Alternative Resource Plan KAABD ** Highly
Confidential _
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Table 49: Economic Impact of Alternative Resource Plan KCCBA ** Highly
Confidential **

Table 50: Economic Impact of Alternative Resource Plan KAACA ** Highly
Confidential **
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Table 51: Economic Impact of Alternative Resource Plan KAACB ** Highly
Confidential ™

Table 52: Economic Impact of Alternative Resource Plan KAACC ** Highly
Confidential ** __
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Table 53: Economic Impact of Alternative Resource Plan KAACD ** Highly
Confidential **

Table 54: Economic impact of Alternative Resource Plan KAACW ** Highly
Confidential ™ _
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Table 55: Economic impact of Alternative Resource Plan KBBCA ** Highly
Confidential **

Table 56: Economic impact of Alternative Resource Plan KCCCA ** Highly
Confidential ™

Volume 6: Integrated Resource Plan and Risk Analysis




Table 57: Economic Impact of Alternative Resource Plan KAADA ** Highly
Confidential **
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2. If the estimated company financial ratios in subparagraph {(4)(C)1.C. are
below investment grade in any year of the planning horizon, a description
of any changes in legal mandates and cost recovery mechanisms
necessary for the utility to maintain an investment grade credit rating in
each year of the planning horizon and the resulting performance measures
in subparagraphs (4)(C)1.A.—(4)(C)1.C. of the alternative resource plans that
are associated with the necessary changes in legal mandates and cost

recovery mechanisms.

The expected values of alternative plan performance ratios do not materially
change below current conditions. The expectations would be that the investment
rating of the company is not at risk from the choice of any particular alternative

resource plan.

(D} A discussion of how the impacts of rate changes on future electric
loads were modeled and how the appropriate estimates of price elasticity

were obfained;

Rate calculation is performed in this analysis on a perfect rate making basis.
Total revenue requirement is calculated which requires exogenous load
forecast(s) as an input. In other words, rates are an output of the perfect rate

making process.

Where rate elasticity is used in the IRP process is in the development of the load
forecast. This is documented in the response to rule 22.030(7)}(A)1 in Volume 3

of this filing.

(E) A discussion of the incremental costs of implementing more renewable
energy resources than required to comply with renewable energy legal

mandates;

Rule 060(3){A)2 requires the company to study a larger build of renewable
resources beyond the current Missouri RES requirement. To meet this

requirement and review the potential impact of a proposal to increase RES

Volume 6: Integrated Resource Plan and Risk Analysis

99




reguirements in Missouri, the company included a plan which increased the
renewable portfolio for the company and is described in detail in Section 3 of this

volume.

The results of this analysis are detailed throughout this Volume and in Volume 7.
A summary review shows that increasing the amount of wind in the current

company portfolio generally increases the NPVRR of the alternative resource

plan.

(F) A discussion of the incremental costs of implementing more energy
efficiency resources than required to comply with energy efficiency legal

mandates;

At the current time, there is no specifically target legal mandate for energy
efficiency. However this analysis reviews different levels of energy efficiency.
These alternative plans are included in the integrated analysis results presented

elsewhere in this Volume.

(G) A discussion of the incremental costs of implementing more energy
resources than required to comply with any other energy resource legal

mandates; and

At this time no other legal resource mandates exist. None are contemplated in

this analysis.

(H} A description of the computer models used in the analysis of alternative

resource plans.

The MIDAS™ model provides hourly chronological dispatch of all system
generating assets including unit commitment logic that simulation the actual
operation of the utility system resources. The model contains all unit operating
variables required to simulate the units. These variables include but are not

limited to, heat rates, fuel costs, variable operation and maintenance costs, sulfur
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dioxide emission allowance costs, scheduled maintenance outages, forced and

de rate outages rates each on a per unit basis.

The model can also simulate capacity and energy purchases from or sales to a
market in either a firm transaction or as a spot market transaction. In the case of
market based transactions, all can be conducted with the impact of
environmental credits factored in. The level of purchases or sales can also be
limited to any range desired. For this IRP, the Company has limited the ability to
purchase firm sales to a level consistent with the company’s current operating

methods and market conditions.

This model met all conditions of previous rule 22.070 (7) (B), and was used for alt

previous IRP integrated analysis filings.
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SECTION 5: UNCERTAIN FACTORS

(5) The utility shall describe and document its selection of the uncertain
factors that are critical to the performance of the alternative resource

plans. The utility shall consider at least the following uncertain factors:

The company began developing a list of potential critical uncertain factors to
consider in the alternative resource plans by including items required per Rule 4
CSR 240-22.060(5). In addition, the selection of critical uncertain factors
considered previously filed IRP stipulations and agreements, the order from the
Contemporary Issues process in Case EO-2015-0041, and internal company
management concerns. The following table shows the consolidated list of

uncertain factors considered by the company.

Table 58: Uncertain Factors

~ UNCERTAINFACTOR RULE |Di TSTATE|TESTSTATES
I.oad G rowth 0805 {A) L HIGH, tow
intersst Rates'Credit Market Conditions Josolsie)l  mib | wigHlow
{ egal Mandate Changes DEOISHLY STANDARD
Relatve Fuet Prices . ey
Batarat Gas MiD HIGH, LOW
ocoal o oo o b E o omin | wieH low
Siting and Permitﬁﬁg Costs O60{5}{E} MID HIGH, LOW
Construcon CapitalCosts = gsms;gr; s HiIgH oW
Purchased Power Costs B0 HG MiD Hlﬁi«! mw
Emisson Allowance Markets - lesolsyyl 10
co2 ﬁ NONE MARKETEXESTS
o802 o o b gy b IS OW
HOX MID HIGH, LOW
FixedOBM . Josos)iyf  mMiD |  HIGHlOW .
Expected F orced Gatage Rate {EF OR) 060{5}{1} MID HIGH, LOW
DSH Load Impadls oo a e hoesemdl 0 oM L G oW
DSk Utitity Marke»nng & Delwe;y Costs O60(5){L} MiD HIGH, LOW
#arket Import/Export Limits bl e b Ry OHEH TOW

The Company compiled information concerning the risks listed in 22.060 (5) from
subject matter experts within the company. The experis were requested to

provide mid, high and low scenario forecasts for their particular risk.
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The company utilized the Ventyx System Optimizer Model™[CapEx™] to provide
a preliminary test of each state of the uncertain factors. CapEx™ is a linear
program based model that chooses the least-cost expansion plan given a known
load growth and other fixed market factors. Once a load growth forecast and
market is defined, the model is aliowed to pick from the available supply, DSM

and retirement options to develop the least-cost expansion plan.

The company executed test runs for each sensitivity to determine if the resulting
teast-cost expansion plan constituted different choices of DSM, supply or
retirements. If the model did not materially change its expansion plan by
changing sensitivity, that factor was not deemed to be a Critical Uncertain Factor.
However, if the model chose different options, such as different technologies or
foregoing DSM programs, then that factor would be deemed a Critical Uncertain

Factor and was incorporated within the Risk Analysis Decision Tree.

(A) The range of future load growth represented by the low-case and high-

case load forecasts;

The high, mid and low load growth cases compliant with and described in Rule
22.030 (7) and 22.030(8) were used in the CapEx™ model. The CapEx™
results demonstrated that load growth is a critical uncertain factor. Load growth

sensitivity was passed onto the integrated analysis.

(B) Future interest rate levels and other credit market conditions that can

affect the utility’s cost of capital and access to capital;

The company tested high and low long term cost of capital to model the
sensitivity of CapEx™ plans to changes in these factors. When the adjusted cost
of capital rates were input into the CapEx™ model, no material changes occurred
to the optimal expansion plan. Therefore the cost of capital was not deemed to

be a critical uncertain factor and not included in the integrated analysis.

{C) Future changes in legal mandates;
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Future changes to legal mandates would include the potential of a Federal
Renewable Energy Standard. For the purposes of modeling, the company
assumed the federal requirements would be similar to the Missouri Renewable
Energy Standard (RES) requirements except that they would apply on a national
level. The Federal standard would not require the Company to acquire additional
renewable resources beyond the requirements of the Missouri rules. However,
the entire country would be required to acquire additional renewable resources
causing an adjustment to power market prices. When adjusted market prices
were input into the CapEx™ model, no material changes occurred to the optimal
expansion plan. Therefore the Federal renewable standard was not deemed to

be a critical uncertain factor and not included in the integrated analysis.
(D) Relative real fuel prices;

NATURAL GAS PRICES

High and low natural gas price forecast scenarios were developed as inputs into
the CapEx™ model. The optimized expansion plans for the high and low cases
are sufficiently different to require adding natural gas price risk as a critical
uncertain factor. Natural gas price forecast development is detailed in Volume 4,

Supply-Side Analysis.
COAL PRICES

High and low delivered coal price forecast scenario was modeled in CapkEx™.
No material changes were identified in the model's optimal expansion plans.
This risk was not included in the integrated analysis. Coal price forecast

development is detailed in Volume 4, Supply-Side Analysis.

(E) Siting and permitting costs and schedules for new generation and
generation-related transmission facilities for the utility, for a regional

transmission organization, and/or other transmission systems;
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Siting and permitting costs are incorporated into the cost of construction risk
detailed in 22.060 (5) (F).

(F) Construction costs and schedules for new generation and generation-
related transmission facilities for the utility, for a regional transmission

organization, and/or other transmission systems;

The company determined high and low construction cost estimates for each
supply technology that passed the preliminary screening process and was moved
into the integrated resource analysis. These high and low construction costs
scenarios were modeled in CapkEx™. The resulting optimal expansion plans did
not materially change for either the high or the low construction cost estimates.
Construction cost was not identified as a critical uncertain factor, and this risk

was not included in the integrated analysis.

Construction cost risks vary by technology. Detailed information for each of the

resource options identified can be viewed in Volume 4.

{G) Purchased power availability, terms, cost, optionality, and other

benefits;

High and low purchased power availability was simulated with a high and low
cost for the capacity terms of the contracts. High and low purchased power
availability scenarios were modeled in CapEx™. No material changes were
identified in the model's optimal expansion plans. Purchased power availability
was not identified as a critical uncertain factor. This risk was not included in the

integrated analysis.

(H) Price of emission allowances, including at a minimum sulfur dioxide,

carbon dioxide, and nitrogen oxides;

SO, credit price forecast development is detailed in Volume 4, Supply-Side
Analysis. High and low SO, credit price forecasts were simulated in the CapEx™

model. Resulting optimal expansion plans did not change as this cost was
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varied. SO, credit prices are not considered a critical resource factor and were

not used as part of the integrated analysis.

NOyx credit price forecast development is detailed in Volume 4, Supply-Side
Analysis. High and low NOx credit price forecasts were simulated in the CapEx™
model. Resulting optimal expansion plans did not change as this cost was
varied. NOx credit prices are not considered a critical resource factor and were

not used as part of the integrated analysis.

CO, credit price forecast development is detailed in Volume 4, Supply-Side
Analysis. The default assumption is that there will be no CO; emissions credit
market over the 20-year integrated resource planning period. The impact of
including a cost for a CO; emission credits market was tested in the CapkEx™
model. The resulting optimal expansion plan showed sensitivity to having a CO,
emissions credit market. Therefore, CO, credit prices were included in the

integrated analysis as a critical uncertain factor.

(1) Fixed operation and maintenance costs for new and existing generation

facilities;

High and low Fixed O&M costs were simulated in the CapEx™ model. Resulting
optimal expansion plans did not change as this cost was varied. Therefore, fixed
O&M costs were not considered a critical resource factor and were not used as

part of the integrated analysis.

(J) Equivalent or full- and partial-forced outage rates for new and existing

generation facilities;

High and low equivalent forced outage rates were simulated in the CapEx™
model. Resulting optimal expansion plans did not change as this factor was
varied. Therefore, equivalent forced outage rates were not considered a critical

resource factor and were not used as part of the integrated analysis.

(K) Future load impacts of demand-side programs and demand-side rates:
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High and low load impacts of DSM were simulated in the CapEx™ model.
Resulting optimal expansion plans did not materially change as this factor was
varied. Therefore, load impacts of DSM were not considered a critical resource

factor and were not used as part of the integrated analysis.

(L) Utility marketing and delivery costs for demand-side programs and

demand-side rates; and

High and iow marketing costs of DSM were simulated in the CapEx™ model.
Resulting optimal expansion plans did not change as this factor was varied.
Therefore, marketing costs of DSM were not considered a critical resource factor

and were not used as part of the integrated analysis.

(M) Any other uncertain factors that the utility determines may be critical

to the performance of alternative resource plans.

The MIDAS ™ Model assumes interregional transfers of power are possible and
power is allowed to flow freely in the model to help lower overall system costs
and reduce the resultant market clearing price for wholesale power. The
constraint of this power flow was simulated in the CapEx™ model fo determine if
a reduction in transfers of power would impact the expansion plan. The resulting
optimal expansion plans did not materially change as this factor was varied.
Therefore, interregional transfers of power were not considered a critical

resource factor and were not used as part of the integrated analysis.
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SECTION 6: CRITICAL UNCERTAIN FACTORS ASSESSMENT

(6) The utility shall describe and document its assessment of the impacts
and interrelationships of critical uncertain factors on the expected
performance of each of the alternative resource plans developed pursuant
to 4 CSR 240-22.060(3) and analyze the risks associated with alternative
resource plans. This assessment shall explicitly describe and document
the probabilities that utility decision makers assign to each critical

uncertain factor.,

To summarize the results described in Section 5 above, the company determined
three risks to be critical uncertain factors that would be used in the risk
sensitivities of the integrated analysis; load growth, natural gas prices and CO»
credit prices. These risks, and the associated probabilities used to model this IRP
Filing are represented in this figure 1 below. The probabilities for both load and
natural gas are the same as used on all filings since the last triennial filing in
2012 - with Mid 50% and High and Low states at 25% weighted probabilities. For
CO2, the decision states are now modeled as a 40% probability there will be a
CO2 credit market and 60% probability that no CO2 credit market will exist. The
weighted endpoint probability is the product these three weighted probabilities
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Figure 1: Decision Tree Probabilities

oo |~ oo Lol -

In order to assess the full range of risks, each possible combination of covariant
risk is simulated. Subject matter experts within the company have assigned risk
distributions to each of the three drivers. These risks are used to develop an
overall distribution of risk using every combination of risk factors. A cumulative
risk distribution is then derived from the joint probability calculation of each

scenario component risk that defines the scenario.

The Company has used all combinations of identified risk drivers in its analysis.
This includes scenarios that exhibited both strong positive and strong negative
correlations among risk drivers. By using regression methods, the Company
tested the effects of all extreme risk drivers and the cases of strong positive and
strong negative correlations. The results of the regression studies are

conclusive. Even if strong correlations existed in the long run [either positive or
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negative], they have no statistically significant impact on plan performance

results.

Results of the company correlation study are presented in the following table of

regression results.

Table 59: Regression Study Results

Regression Statistics
Multiple R 0.89
R Square 0.80
Adjustad R Square 0.79
Standard Error 581.16
Observations 270.00
df 55 MS F

Regression 8 346,259,187.48 43,282,398.43 128.15
Residual 261  88,153,035.45  337.751.09
Total 269 434,412,222.92

Coefficients Standard Frror t Stat P-value
intercept 18,584.52 114.61 162.16 0.00
COo2 1,889.68 86.63 21.81 0.00
HGas {832.55) 156.18 {5.33) 0.00
LGas 488.53 136.98 3.57 0.00
HLoad 304.19 136.98 222 0.03
LLoad {242.61) 136.98 {(1.77) 0.08
Load/Gas(+) 47.30 167.77 0.28 0.78
Load/Gas(-) {(48.18) 167.77 (0.28) 0.77
GAS/CO2 336.62 150.06 2.24 0.03
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SECTION 7: CRITICAL UNCERTAIN FACTOR PROBABILITIES

(7) The utility decision-makers shall assign a probability pursuant to
section (5) of this rule to each uncertain factor deemed critical by the
utility. The utility shall compute the cumulative probability distribution of
the values of each performance measure specified pursuant fo 4 CSR 240-
22.060(2). Both the expected performance and the risks of each alternative
resource plan shall be quantified. The utility shall describe and document

its risk assessment of each alternative resource plan.

Each risk factor has a probability distribution developed by the company subject
matter expert. These probability distributions have been combined to produce

overall joint probabilities for critical factor combinations.

(A) The expected performance of each resource plan shall be measured by

the statistical expectation of the value of each performance measure.

Table 60: Expected Value Plan Performance Measures ** Highly
__Confide ai o

(B} The risk associated with each resource plan shall be characterized by
some measure of the dispersion of the probability distribution for each
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performance measure, such as the standard deviation or the values

associated with specified percentiles of the distribution.

Table 61: Standard Deviation Plan Performance Measures ** Highly
Confidential **

Note: Several performance measures are not affected by the individual scenario

risk and therefore exhibits no standard deviation.
(C) The utility shall provide—

1. A discussion of the method the utility used to determine the cumulative
probability—

For the overall risk analysis, the company assumed independence of the three
critical uncertain factors for this long term analysis. The individual scenarios
utilized a joint probability of the probabilistic occurrence of each risk component
that defined the scenario. This method and its statistical performance is

described in Section 6 of this Volume.
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A. An explanation of how the critical uncertain factors were identified, how
the ranges of potential outcomes for each uncertain factor were

determined, and how the probabilities for each outcome were derived; and

The method for determining whether or not a risk was an uncertain factor is
detailed in Section § of this Volume. The risk distribution for the load forecast
and natural gas forecast was determined by the company subject matter expert.

The risk distribution for CO, was vetted and set by the KCP&L executive team.

B. Analyses supporting the utility’s choice of ranges and probabilities for

the uncertain factors;

Supporting documentation for the choice of probabilistic range is in Volume 3 for

the load growth risk and Volume 4 for Natural Gas and CO; credit price risk.

2. Plots of the cumulative probability distribution of each distinct

performance measure for each alternative resource plan;

Chart 59: Cumulative Probability - NPVRR

e KAAAR, <o KAAAC o KARAD = KAABA en-KAABC o KAABD -~ KAACA e KAACE
- KAACC ——KAACD ~~~-KAACW -~—KAADA ~-KBBCA ~~~KCCCA -~--KCCBA :
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Chart 60: Cumulative Probability - PEC

&

e KAARA ——KAAAC «ws KAAAD ——KAABA ~—KAABL - KAABD ——KAACA +KAACE
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—-KAACD —~-KAACW —KAADA KHBCA -~ KCCBA - KGECA

Values for all other performance measures do not vary enough over the range of

scenarios to allow for graphical display.

3. For each performance measure, a table that shows the expected value

and the risk of each alternative resource plan; and
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Table 62: Expected Value Plan Performance Measures ** Highly Confidential **
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Table 63: Standard Deviation Plan Performance Measures ** Highly Confidential ** |

Note: Several performance measures are not affected by the individual scenario risk and therefore exhibits no standard

deviation.
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4. A plot of the expected level of annual unserved hours for each

alternative resource plan over the planning horizon.

There was no unserved energy in any of the alternative resource plans.
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