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KANSAS CITY, KANSAS, BOARD OF PUBLIC UTILITIES
INTEGRATED RESOURCE PLAN --- 2019

L INTRODUCTION

The Kansas City Board of Public Utilities’ 2019 Electric Integrated Resource Plan (IRP) is a
long-term strategic plan used to guide resource acquisition, conservation and demand-side
management (DSM) decisions. The IRP process combines technical analysis and public
participation to ensure low cost reliable electric supply. Integrated resource planning is a
process that considers demand-side options in addition to traditional supply-side options to
meet the electric power needs of the electrical system. Integrated resource planning is a
continual process that focuses on seeking and evaluating opportunities for demand and
energy savings in addition to evaluating traditional supply side resources. It is an on-going
and evolutionary process calling for a re-analysis of utility system plans as conditions, prices,
costs, technologies, and power requirements change. The integrated resource planning
process anticipates the future and considers the many uncertainties a utility faces. An
objective of integrated resource planning is to find the lowest cost solution that supplies
customers the amount and quality of electric service desired while at the same time
supporting the utility’s long term financial health. Solid, long-term integrated resource
planning takes into account price elasticity of demand, reliability, and quality of service.

Under an agreement with WAPA, the Board of Public Utilities of Kansas City, Kansas (BPU) is
required by law to file an Integrated Resource Plan (IRP) with the Western Area Power
Administration (WAPA), an Agency of the U.S. Department of Energy, and update the plan
every five years. The BPU is also required to submit annual progress reports on the status of
its IRP. In return, the BPU receives an annual allocation of approximately 4.8 megawatis
(MW) of capacity and about 14,900 megawatt-hours (MWH) of hydroelectric power.
Receiving this power is a valuable benefit to BPU. This document is the BPU's 2019
Integrated Resource Plan report and documents the integrated resource planning the BPU
currently has in place.

il BENEFITS OF IRP PLANNING ,

There are multiple benefits which can be derived from integrated resource planning. A good
practical plan manages risks and seeks to minimize long-run costs. It also encourages energy
conservation and the use of renewable energy resources and promotes the use of lower cost
and more abundant fuels. Furthermore, it provides a forum for diverse interests and
disciplines to communicate and develop a common goal and select an acceptable resource
option.

These benefits are derived from the change of focus in planning, where studies and reviews
search for ways to improve energy utilization and marginal revenues, and to reduce costs.
Some of these benefits to the BPU have been that it has:

1. Deferred new generation capacity additions. In general, aided in stabilizing
rates and keeping costs down for customers.

2. Assisted in improving the Ulility's system load factor allowing better
utilization of generating equipment,




3. Increased the use of more efficient generating equipment thus lowering the
cost per unit of power generated.

4. Reduced energy use in certain situations by encouraging the use of more
efficient appliances and building additions. Consequently, this has
decreased load growth in peak periods, while at the same time increased
off peak energy uses.

5. Assisted in improving public relations.
6. Aided in energy conservation.

.  BPUELECTRIC UTILITY OVERVIEW

The Kansas City Board of Public Utilities (BPU) water department was originally created in
1909, and its electric utility was operational in 1912, with the utility officially being established
in 1929. The purpose of the utility, then and to this day, is to provide the highest quality
electric and water services at the lowest possible cost. Today the publicly owned utility serves
approximately 65,000 electric and 51,000 water customers, primarily in Wyandotte County,
Kansas. The mission of the utility and its employees is “to focus on the needs of our
customers, to improve the quality of life in our community while promoting safe, reliable and
sustainable utilities. BPU is a publicly owned administrative agency of the Unified Government
of Wyandotte County/Kansas City, Kansas, and is self-governed by an elected six-member
board of directors.

The electric utility serves 155.9 square miles of Wyandotte County with its current facilities
consisting of three self-owned power stations, one joint-owned combined cycle, 33
substations and approximately 3,000 miles of electrical lines. The four power stations contain
generators with the following approximate capacities:

Nearman Creek Power Station — capacity 326 MW

Quindaro Power Station — capacity 250 MW

Kaw Power Station — capacity 98 MW (currently cold standby)

Dogwood — own 17% of 650 MW capacity unit

Transmission systems consist of 161 kV and 69 kV transmission lines. The 161 kV system is
configured in two loops, establishing a “figure eight” over the entire service territory.
Interconnection between the 161 kV and 69 kV systems is made at four locations. Highest
peak demand was recorded on August 9, 2006, at 529 MW. Electrical lines interconnect to
four Kansas City Power & Light (KCPL) locations and one Westar Energy location. KCPL and
Westar are currently in the process of merging operations and thus moving forward all tie
points will be with one organization, Evergy.

Thanks to the Western Area Power Administration (WAPA), the Board of Public Utilities of
Kansas City, Kansas was among the first municipally owned systems to undertake integrated
resource planning. WAPA provided the initial exposure of integrated resource planning to the
BPU, and from the beginning WAPA staff has provided invaluable assistance in implementing
this program. This planning process continues today. As conditions and technologies
change, existing programs are modified and new studies are performed and incorporated into
updates of BPU electric power resource plans.




The initial IRP by BPU was completed in 1989. The cost of that IRP was shared between
WAPA and BPU with BPU receiving over $100,000 to prepare the study. The Energy Policy
Act requiring an IRP was adopted in 1992.

V. LOAD ANALYSIS & FORECAST

The Board of Public Utilities updates its electric load forecast on an ongoing basis. Short—
term peak demand energy forecasts are developed for use in revenue forecasting and
budgeting. Long—term energy and peak demand forecasts are developed for use in longer
term system planning such as to assess the long-term energy and demand requirements of
the BPU and for use in performing analyses of various capacity and/or energy purchase
options.

A. Methodology

BPU's forecasting method is a bottom-up approach developed by aggregating customer class
specific forecasts. Developing customer class specific forecasts allows for the ability to get a
refined estimate of total system demand. The estimates for the individual customer classes
are aggregated to develop the estimate for the entire system as a whole. In using this method,
the forecast for the system as a whole is typically more accurate since it allows for careful
consideration of the change in demand for each of the customer classes and then combining
these carefully considered estimates rather than merely making one large system forecast
estimate which may not as thoroughly consider all of the factors causing both the change in
number of customers in each class and the use per customer of each individual customer
class.

B. Major Customer Class Historical and Forecast Demand
The individual historical data and forecasts for industrial, commercial, and residential energy
consumption are aggregated in the table below:
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Large Customer Class Data (kWh)
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The major customer classes’ aggregate number is added to the smaller customer classes’
energy forecasts. The smaller customer classes are: schools, local government, highway
lighting, BPU interdepartmental and borderline customers as well as metered and un-metered
city government. Borderline customers’ demand is served by BPU through a neighboring
utility’s distribution system. The customers are billed through the neighboring utility’s billing
system and BPU is paid by the neighboring utility. The table of historical and forecasted data
of the small customer class data appears below:
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Smaller Customer Class Data (kWh)
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Below are a series of graphs showcasing the comparison between the BPU system and that

of the
similar

state and national utilization on a percentage basis. Some classes showcase very
correlation while others vary quite distinctly.
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C. Losses

Losses are estimated based on component losses for transmission, primary, and secondary
loads. These loss estimates are applied by customer class as annotated below.

Table 3
Losses
Transmission Primary Secondary
Customer Class 0.44% 2.39% 4.38%

Tndustrial X

Commercial X X X
Residential X X X
Schools X X X
Hiway Lighting X X X
County X X X
Metered City of KCK X X X
Unmetered City of KCK | X X X
BPU Inter-Departmental X X X
Borderline - X X

Nearman Participating X

viholesale X

D. Peak System Demand
Peak system demand is calculated based on linear regression trend modeling of the historical
peak plotted against the associated system net for the years 1995 through 2018. Figure 1
contains a plot of the system annual net energy and system annual peak demand. The black
line in Figure 1 shows the historical trend line relationship between system annual net energy
and system annual peak demand.
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E. Forecast Results

The system load forecast developed by the BPU is shown in Table 5. The forecast includes
sales to BPU's retail customers, borderline, city, and the BPU.




Table 5

i,oad Forecas

2000 494 2465 081% 57%
2001 498 2449 -D65% 56%
2002 479 2482  1.33% 59%
2003 530 2470| -D.49% 54%
2004 490 2501 124% S
2005 501 2611 421% 59%
2006 528 2639 106% 57%
2007 517 2578 -2.37% 57%
2008 4932 2,513 -2.59% 58%
2009 471 2376] -577% 58%
2010 SO1 25300 609% 589
2011 502 2,465 -264% 56%
2012 495 2425 -165% 56%
2013 454 2350 -3.19% 50%
2014 459 24100 2.49% £0%
3015 485 2408 -0.08% 57%
2016 480 2432 099% 58%
2047 494 2352 -3.40% 549%
2018 456 2535 7.22% 58%
2019 457 2438| -397% 57%
2020 488 1418| -D.80% §7%
2021 485 3803| -D.68% 57%
7022 485 2403 001% 57%
2023 485 2407 -D.03% 57%
2024 485 24020 -D.03% 57%
2025 485 2401 -003% 57%
2026 484 2400 -0.03% 57%
2027 483 2400| -0.03% 57%
2028 483 2399 -003% 57%
2029 481 2398 -0o%|  57%
2030 480 2398 -002% 57%
2031 478 2397 -002% 57%
2052 &75 2397| -002% 58%
2033 474 2396 -0.02% 58%

BPU’'s base energy requirements are expected to modestly decline over the next
decade as on-site energy efficiency programs continue to drive further reductions in
overall energy demand.

V. CURRENT RESOURCE SUMMARY

The BPU’s existing power supply resources are made of a diverse collection of thermal and
renewable or green generating assets including 43 MW of hydro capacity purchased from the
Southwestern Power Administration (SWPA) and the Western Area Power Administration
(WAPA), 250 MW of wind capacity purchased from the Smoky Hills, Alexander, and Cimarron




Bend wind farms, 7 MW of run-of-river hydro off Bowersock, 3 MW of Landfill gas generation
purchased from Oak Grove, and a 1 MW solar facility located at the Nearman Station.

BPU's thermal generating plants include Nearman 1, a 250 MW pulverized coal unit
operational in 1981, located at the Nearman Station. Also installed at the Nearman Station is
CT 4, a 75 MW GE 7EA simple cycle natural gas combustion turbine commissioned in 20086.
The Quindaro Station consists of a 72 MW dual fuel steam turbine, Quindaro Unit 1,
commissioned in 1966; and a 76 MW dual fuel steam turbine, Quindaro Unit 2, commissioned
in 1971.

The Quindaro Station also includes two simple cycle combustion turbines, CT 2 and CT 3 with
accredited capacities of 49 and 50 MW, respectively. The online dates for these generators -
were 1974 and 1977. CT 2 and CT3 both utilize fuel oil for generation.

In addition BPU also purchased a 17% stake in Dogwood in May 2012. The Dogwood plant
which became operational in February 2002 is a 650 MW natural gas-fired, combined-cycle
electric generation facility consisting of one power train in a 2 x 1 configuration with Siemens
Westinghouse 501F D2 Gas Turbines, a Toshiba HRSG, and one Toshiba steam turbine
generator. The Dogwood facility is located in Cass County, Missouri, near the town of
Pleasant Hill. Westar is currently responsible for handling all market related activities on the
unit.

The BPU system also includes the inactive Kaw Station with three coal and/or gas fired steam
generating units placed online between 1955 and 1962. All three units are in cold standby
and would require extensive capital investment for equipment replacements and additions to
be available as reliable generation resources in the future.

The BPU is currently in the process of ceasing operations at Quindaro Unit 1 and Quindaro
Unit 2 in 2019 due to a number of factors. Although the BPU will maintain the stated capacity
through the summer season of 2019 those units are not expected to provide capacity to the
system in 2020. Despite the cessation of operations at those facilities the BPU does not
expect to require any additional capacity resources in the immediate future.

Currently, BPU anticipates retiring CT2 and CT3 in December 2027 respectively when they
reach 53 and 50 years of age respectively, but those retirement dates are still fluid and will
depend on the financial metrics associated with those units versus alternative technologies.
Table 6 contains a summary of the operating characteristics of the existing active BPU
generators.

Table 6
Summary Operating Characteristics of Existing Active BPU Generators

Nearman 1 Coal Steam 1981 250 120
Quindaro ST1 Coal/ Gas 1966 72 64
Quindaro ST2 Coal / Gas 1971 77 48
Quindaro GT2 OicT 1974 49 10
Quindaro GT3 olizeq) 1977 50 9
Nearman CT4 Gas CT 2006 76 48

Dogwood Gas CC 2002 650 150

"YCOD = Commercial Operation Date.

10




@ Minimum and Maximum Output Capacities reflect the minimum and maximum continuous rating of the
8eneraior, in MW, at the conditions which it is expected to operate.
! Dogwood is a 650 MW joint owned unit with the BPU owning a 17% stake in the unit.

In addition to the active generators operated, the BPU also has a number of long-term
Purchase Power agreements (PPA) in place. All long-term PPAs currently in place contribute
to the diversity of the power supplied, and therefore the energy curves associated with that
type of energy, are green energy sources, and provide a hedge against carbon fuel price and
wholesale energy volatility as well as future environmental regulations.

A. Wind Power Energy

In the IRP of August 2005 two recommendations were made relating to wind power. The first
recommendation was an evaluation of purchasing commercial wind power energy. Toward
that end, the BPU entered into a 20 year Renewable Energy Purchase Agreement and began
receiving wind generated energy from Smoky Hills Wind Farm in early 2008. BPU has been a
leader of Kansas municipals with regard to purchasing Kansas wind energy. Smoky Hills
made up approximately 5% of BPU's 2018 system peak demand, based on nameplate
capacity; and approximately 3.4% of BPU's 2018 system load. BPU chose to enter into wind
energy at this level to gain experience with the issues related to the variability of wind, wind
forecasts, and other related wind integration issues. BPU is currently not required by any
regulatory agency or mandate to purchase renewable energy; however, BPU management is
committed to continuously exploring methods and alternatives to reduce the carbon footprint
of the organization while providing our customers with an energy portfolio that meets their
reliability needs while providing a lasting reduction in greenhouse gas emissions.

The second recommendation was to evaluate the potential for local wind driven turbines.
BPU concluded based on research of both wind options that a commercial scale wind facility
was preferable over local community wind because of its lower cost due to wind location and
economies of scale. A concern about entering into an agreement to purchase wind energy
from a commercial wind facility remote from BPU's service territory was whether the
transmission system had the capacity to get the energy to BPU. Therefore, as part of the
evaluation of the economics of the wind energy purchase SPP performed an analysis to
evaluate the potential for curtailment of flows originating at Smoky Hills and sinking in the KC
area. The result of this analysis was that it did not expect the energy flow from Smoky Hills to
BPU be curtailed a significant percent of the time.

Since the addition of Smoky Hills, the BPU has been active in obtaining additional and varied
renewable resources to complement the existing fleet but also to hedge fuel price volatility and
regulatory risk. In addition to Smoky Hills, the BPU purchased an additional 25 MW of wind
capacity off the Alexander wind farm from Own Energy, with a commercial operation date of
2015.

In addition to the acquisition of Alexander the BPU further cemented its commitment to
Kansas wind through the acquisition of 200 MW of wind energy from Tradewind Energy. The
Cimarron Bend wind facility began operations in 2017 and is expected to produce
approximately 865,000 MWh annually.

In 2018 BPU’s wind facilities produced approximately 1.1 million MWh or approximately 42%

of BPU's total system net. All three wind facilities feature a fixed 20 year contractual energy
rate which allows the utility a great deal of cost certainty over the life of the contract.

"




B. Landfill Gas Generation

The 2003 Master Plan recommended evaluation of Landfill Gas Generation as a renewable
energy source but was narrowly focused on the potential for landfill gas generation at a local
landfill. In 2009, BPU was approached by a project developer who had secured a source of
gas at a private landfill in Arcadia, Kansas managed by Waste Corporation of Kansas. After
considerable due diligence and contract negotiation BPU entered into a Renewable Energy
Purchase Agreement with the developer, Oak Grove Power Producers, LLC. Beginning March
1, 2010 the Land Fill Gas generator began production with a 1.6 MW Caterpillar G3520. In
December 2013 the BPU began receiving an additional 1.4 MW of generation from the
Arcadia, Kansas landfill, with a total of 3.55 MW coming online in 2014. The LFG generation is
expected to be available approximately 90% of the time and is expected to be able to produce
its maximum MW output 90% of the time it's available. These figures make it one of the most
reliable and dependable base load generation types available.

The negotiated capacity cost for the Arcadia, Kansas landfill gas capacity was comparable,
but slightly less than, the annual capital carry costs for a scrubbed new coal plant on a $/kW-
yr basis based on Table 8.2 of the U.S. Energy Information Administration’s Annual Energy
Outlook 2010 as a reference for overnight construction costs. The negotiated energy cost for
generation from the Arcadia, Kansas landfill site, was also slightly less than the energy price
forecasted by Ventyx in their semi-annual Power Reference Case Electricity & Fuel Price
Qutlook, on a long-term levelized cost basis. Energy deliveries started in March of 2010.

The Oak Grove Landfill Gas Energy purchase agreement is for a period of 20 years. The
purchase agreement affords BPU a renewable energy resource without the variability of wind
and solar. The methane gas produced in a landfill is a potent greenhouse gas, about 21 times
more so than carbon dioxide, so the gases produced in a landfill must be collected and flared
off or used to produce heat or electricity preventing the methane from migrating into the
atmosphere where it contributes to local smog and global climate change. Using LFG to
produce electricity results in beneficial use of the LFG as well as an opportunity to obtain base
load generation without the carbon production from fossil fuel combustion. The LFG
generation is expected to produce enough power for about 1,000 homes with an annual
reduction of GHG attributable to this project of approximately 1,400 passenger cars.

C. Hydro Generation

The BPU has existing contracts in place with three hydro entities, Southwest Power
Administration, Western Area Power Administration, and Bowersock. Hydro generation and
especially government hydro works as a cost effective alternative to base load fossil fuel
generation. Government based hydro is extremely reliable and can be scheduled in much the
same way as alternative generation types due to the size and scope of hydro facilities.

12




Southwestern Power Administration is one of four power marketing administrations within the
U.S. Department of Energy whose role is to market and transmit electricity from 24 U.S. Army
Corps of Engineers multipurpose dams. By law, Southwestern’s power is marketed and
delivered primarily to public bodies such as rural electric cooperatives and municipal utilities.
The BPU’s contract entitles it to 38.6 MW of capacity.

Western Area Power Administration is also one of the four power marketing administrations
within the U.S. Department of Energy whose role is to market and transmit wholesale
electricity from multi-use water projects. The service area encompasses a 15-state region of
the central and western U.S. and consists of 57 hydropower plants, with an installed of
capacity of 10,504 MW. The BPU’s contract entitles it to 4.8 MW of capacity.

In November 2010, the BPU entered into a contract with the Bowersock Mills and Power
Company (BMPC) to purchase the capacity and energy off an existing 2.15 MW run of the
river hydroelectric facility on the Kansas River in Lawrence, KS and 4.70 MW of capacity from
an expansion of Bowersock’s existing hydroelectric facilities. The Bowersock agreement is to
provide up to 7 MW of power for a period of 25 years. Bowersock is a low-impact hydro facility
and has been supplying electricity to Northeast Kansas on a limited basis since 1905. The
dam is owned by Bowersock but maintained by the city of Lawrence, which depends on the
dam to pool water for its Kaw River Water Treatment plant. As part of the agreement,
Bowersock undertook a plant expansion project, building an additional powerhouse on its
existing site while tripling the overall energy production capability. The project is expected to
maintain Bowersock’s current status as a “low-impact” hydropower plant. The Bowersock
hydro purchase provides BPU with a renewable energy source without the variability of wind
and solar, additional base generation without the carbon production, and hydro energy from
the facility for 25 years. The project is expected to produce 33,000 MWh per year of energy
(the equivalent of 188 railcars of coal), enough to supply electricity to 3,300 Wyandotte County
homes. Moreover, the project will reduce overall CO2 emissions by more than 44,000 tons.

BPU performed an analysis on the economic feasibility of purchasing energy from the facility
that led to the agreement. The expansion will include four turbines that will more than double
the amount of electricity produced from the existing plant. Production costs simulations using
the ProSym production cost model were used to determine the economics of the hydro
generation purchase proposal. The analysis was performed for a combination of future
scenarios that assumed two different natural gas price forecasts, and with and without CO2
emission reduction mandates over a 25 year period. The analysis showed a net positive
benefit to BPU, assuming equal likelihood of each scenario.

D. Solar Generation

The BPU began incorporating solar into its portfolio in September of 2017 with the
incorporation of the 1 MW BPU Community Solar Farm. The solar facility is expected to
produce approximately 1.7 GWh annually moving forward. The 1 MW solar facility is a behind
the meter generation source located at the Nearman Creek generation facility and was
designed to provide solar benefits to those customers who desired greener energy sources for
those customers who could not or chose not to place solar at their residence, The design of
the program was to provide the benefits of location sourced generation while reducing the risk
and maintenance associated with those types of sources.

The program was initially only open to residential customers however has recently been
opened up to all customer classes with each customer and customer class capable of taking a
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certain portion of their power from the solar facility. Although the solar facility is under a 25
year purchase power agreement customers are only required to commit to 12 months of
service and the BPU is willing to re-acquire those solar panels for a set price based on the
number of months remaining in the program, therefore providing customers the ability to go
green without the long-term commitment.

V. CURRENT DEMAND SIDE PROGRAMS

Screening of demand-side options began at BPU with the first IRP in 1989. Subsequently,
XENERGY, INC. of Austin, Texas performed a detail screening and market assessment in
1993. This screening analysis became the implementation guide for many of the programs in
place today.

Future Energy Efficiency and Demand Side Management programs are evaluated on a
number of factors. The BPU utilizes several standard cost effectiveness test results, including
Utility Cost Test, Total Resource Cost Test, Ratepayer Impact Measure Test, and Societal
Test. Moreover, these test results are provided for various weather conditions, including
weather normal, and under a number of wholesale market conditions. In addition to the
standard qualification factors considered the BPU continues to explore new programs and
roles based on technology, customer preference and environmental stewardship.

The programs described in this section are a continuation of those started either as a result of
IRP or were started earlier as an effort to minimize cost and increase energy efficiency. They
continue to be effective and generally require less attention and resources and thus are
documented as IRP Programs.

A. System Load Factor Benefits

IRP planning and the programs implemented there under contribute to the system load factor
[a quotient of energy used (kWh) divided by the product of peak load (kW) and the number of
hours in the year]. Generally speaking, an improvement in system load factor is desirable
because it allows for more efficient use of existing equipment and lowers the per unit fuel cost.

An improvement in system load factor occurs when the increase in system energy is greater
than the increase in system peak. An improvement in load factor can be due to any number
of things, such as: energy management programs that control on-peak use; greater efficiency
-in appliances; more energy efficient residential, commercial and industrial building additions;
increased off-peak use; the addition of large industrial loads with non-coincident peaks or high
load factors; and weather factors. Programs implemented since the inception of the
integrated resource planning process have aided in obtaining an improved load factor.

Improvements in load factor associated with integrated resource planning result from the fact
that some of the programs implemented have increased off-peak use while others have
encouraged conservation or the use of more efficient appliances at the time of peak loads.
The result is that less fuel is used per kWh generated while at the same time there is an
increase in the use of more abundant and less costly fuels — coal versus natural gas. Greater
use of more abundant and less costly fuels is primarily due to the reduction of the use of
energy in peak periods (because of the increased efficiency of appliances being connected).
Reductions in peak demand and use also save in the purchase of off-system power.

In addition to system load factor benefits various programs have the ability to contribute to the

overall reliability of the system as well as reducing the overall environmental conditions that
are present when peaking units are dispatched.
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Table 7
System Load Factor
Kansas City, Kansas Board of Public Utilities

2000

System | System

494 2,465 57%
2001 496 2,449 56%
2002 479 2,482 59%
2003 520 2,470 54%
2004 490 2,501 58%
2005 501 2,611 59%
2006 529 2,639 57%
2007 512 2,578 57%
2008 492 2,513 58%
2009 471 2,376 58%
2010 501 2,530 58%
2011 502 2,465 56%
2012 495 2,425 56%
2013 454 2,350 59%
2014 459 2,410 60%
2015 485 2,408 57%
2016 480 2,432 58%
2017 494 2,352 54%
2018 496 2,535 58%

Charting the above data yields the graph shown on Figure 2 on the following page. This
graph shows a positive load factor trend line that is gradually increasing. This chart also

shows variation associated with weather and other factors.
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Figure 2
System Load Factor
Kansas City, Kansas Board of Public Utilities
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The apparent random variations in the load factor from year to year are due to a multitude of
factors with the predominant reasons being shifting load dynamics and weather variations.
The general trend of improvement is due to the success of many of the programs undertaken
by BPU. Some of the major contributors to this net change in system load factor have been
the following:
1. Electric heat pump and all electric home rebate program,
2. Changes in the electric rate structure lowering winter rates thus
encouraging winter use and increasing summer rates making energy
management programs economically viable.

3. Changes in the standards of the signal light and street light replacement
program,
4. Implementation of construction standards emphasizing higher efficiency,

A discussion and documentation of these programs follows.

B. Heat Pump and Hot Water Heater Rebate Programs

This program began in 2001 and continues today. The program is designed for both
residential and commercial customers such that rebates are given to customers or builders
who install or retro-fit energy efficient heat pumps or hot water heaters. The amount of
rebates given to residential and commercial customers is provided on the BPU website,
www.BPU.com. The BPU partners with the Energy Star Program and rebates are consistent
with Energy Star recommendations.
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The Heat Pump and Hot Water Heater Rebate Program is intended to incentivize residential
and commercial customers into installing highly efficient electric devices into their homes and
businesses therefore allowing those customers to improve the efficiency of those appliances
and thereby reducing the amount of energy being consumed in those applications especially
during those times when energy and demand is at its highest. It also provides numerous
benefits to the electrical system as a whole in a number of ways. These programs work to
smooth energy consumption across the year to provide a much more efficient load profile,
they also reduce overall demand and energy consumption during those high demand periods
that would likely require peaking resources to serve that incremental load, and lastly by
trimming the incremental peak it also helps extend the timeline and requirements associated
with acquiring additional peaking generation to serve that load. :

The BPU program continues to drive demand for highly efficient electrical appliances
especially from the residential development community. With the push to a cleaner resource
mix and further electrification within the residential and commercial sector it is anticipated that
more consumers will consider the program and share in its benefits.

Table 8 summarizes the incremental gains of the rebate program over the last 4 years.

Table 8
Rebate Program Energy Savings
Kansas City, Kansas Board of Public Utilities

Energy Savings 2015 2016 2017 2018
incremental Annual MWh Savings 330 MWh 1564 MWh  |348 MWh 1203 MWh
incremental Peak MW Demand Savings (1.0MW 1.3 MW 0.78MW 10,41 MW

C. Utility Learning Center

The BPU established an on-site Ultility Learning Center to assist customers in the area of
energy efficiency. Under this program customers are able to meet with trained energy
efficiency staff to review their bills and consumption patterns within the Energy Engage portal
while also providing them energy efficiency methods that may be useful and cost effective
measures within their residence or business.

This program hopes to alert customers to the tools and technologies that are currently
available and how to best use those technologies to track and manage their consumption. It
also provides simple cost effective techniques to improve energy usage within their home or
business through DIY videos or instructions.

D. Reactive Adjustment Rider

Customers with low power factors impose a burden on the electrical system causing a utility to
increase its generation, transmission, distribution, transformer capacities and energy
generation. Power factors are functions of real power (kW) and the apparent power (kVA) a
utility must supply to the customer. For any given-metered load in kW, the lower the power
factor, the greater the amount of power (kKVA) a utility must generate and deliver to the
customer, For example, in order to supply a load of 100 kW having a power factor of 85% the
utility would have to generate and deliver approximately 117.6 kVA. An 85% power factor
would require equipment with 17.6% more capacity to meet this demand. Further, since
system losses vary as the square of the amperage required to serve the load, there is at the
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same time a 36% increase in system losses. BPU rates are designed to permit a customer to
have a power factor equal to or greater than 90%. Customers with power factors less than
90% are penalized.

In August 2003 the power factor penalty provision was revised because the rate structure did
not adequately address the cost of low power factors and customers in this category
continued to impose a burden on the system. A customer with a low power factor can correct
its power factor by installing corrective equipment or modifying the use of its equipment.
When this new reactive adjustment penalty provision was enacted customers were notified of
the change and given a six (6) month grace period in which to take corrective action.

Currently customers are notified if they have a low power factor and given an opportunity to
correct the problem. If corrective action is not taken within a reasonable period of time then a
penalty is added to their bill. The penalty is the difference between 90% and the actual power
factor applied to the total customer’s monthly electric billing. For example, if a customer has a
power factor of 80% then a penalty of 10% is applied to the bill (30% - 80%).

The BPU continues to review rate design and charges under the context of power factor to
ensure that those customers that drive additional cost on the system are paying for their share
of utilization of the system. Power factor data much like many other customer specific details
are adequately analyzed to determine their true cost to ensure subsidization between
customers is remediated as much as possible.

E. Net Metering

In May 2009, Kansas passed the Net Metering and Easy Connection Act which is applicable
to Investor Owned Utilities (IOU's) only. The BPU, as a municipal utility, was not subject to
that regulation, but developed and adopted net metering and connection standards for Large,
Medium, and Small Commercial and Residential customers to enable customer owned
renewable generation sources. Although regulations surrounding net metering are now
required the BPU was actively participating in net metering and providing customers a means
to self-generate well before required to do so. Due to the falling prices surrounding solar PV
and the robustness of the BPU net metering program the BPU has seen substantial growth
over the past five years. In 2014 the BPU had 4 customers on the net metering program, as of
the end of 2018 the BPU had a total of 39 net metering customers, a ten-fold growth rate over
just the past five years. The BPU continues to monitor regulations and studies from around the
country to ensure that the organization is actively pursuing best practices in self-generation
while attempting to ensure limited cross-subsidization.

F. Smart Meters

Over the past several years the BPU implemented AMI smart metering technology to all BPU
customers. The goal of the Advanced Metering Infrastructure is to improve customer service,
lower the BPU's expense structure, and to provide consumers with the ability to monitor and
drive efficiencies within their own system. Some of the benefits of AMI technology include
immediate leak detection, reducing the need to access a customer’s premises, and a real-time
viewing of electric and water usage. The new meters are more accurate, and less prone to
failure, and eliminate the potential for reader error that existed with the older electro-
mechanical meters. In 2015 the BPU rolled out the Energy Engage Portal which allowed
customers the ability to access their own individualized data regarding energy and water
usage. The AMI smart meters are just another tool that consumers can use that will have a
direct impact on their usage and in turn their bill. The BPU continues to explore ways in which
to make the data more accessible and more useful to both the customer and the utility.

18




G. FlexPay Program

In August 2017 the BPU rolled out a new payment method called the FlexPay program. The
FlexPay program was designed to allow customers more flexibility in the manner in which they
view and manage their energy needs as well as when and what payments are made. FlexPay
is a program which allows the customer to monitor their electricity and water usage on an as
needed basis. This program allows the customer to receive service with no deposit or late
fees while providing the customer the ability to view their account balance, daily usage,
payment history and more through an App or an online portal. There are currently nearly
1,100 participants in the program with that number continuing to climb.

Vil. FUTURE RESOURCE REQUIREMENTS SUMMARY

The graph below in Figure 3 shows the BPU future resource requirements based on current
demand and supply forecasts. BPU currently has sufficient capacity to meet the forecast
demand through the 2033 evaluation period. Load dynamics will be a major contributor to the
future system capacity requirements. Based on the current base case scenario peak load is
expected to be flat to slightly lower over the evaluation period as energy efficiency continues
to reduce load across the various customer segments.

Figure 3
BPU System Balance of Loads and Resources
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The BPU base case scenario does not recognize any expected changes within the current
generation fleet outside of the retirement of the Quindaro Steam units in 2019 and the
expiration of the Smoky Hills wind purchase power agreement in 2027. The BPU however
recognizes that generation pricing, policies, and regulatory requirements are in constant flux
and therefore continue to evaluate the cost of new generation both at the point of inception as
well as the expected levelized cost over the life of the resource in context with expected
market pricing as well as load dynamics and volatility.

The BPU expressly looked out five years for this IRP. The reasons include:
« BPU does not inherently require new resources within this time period.
» The planning horizon for new supply side resources is relatively short in nature based
on the expected resource additions under consideration.
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» Resource pricing and efficiencies are expected to continue to see material
improvements moving forward.

» The nature of the electric industry is in a period of flux with the levels, locations, and
types of generation being added to the grid both locally and regionally.

¢ The environmental regulatory landscape is evolving and may have a significant impact
on various types of supply side resources.

» The political policies and incentives are evolving to adapt to new technologies.

Based on the above thoughts the BPU continues to monitor the cost and technologies in the
market and how those may impact the organization over the long-term.

Vill.. FUTURE RESOURCE OPTION SUMMARY

BPU’s integrated resource planning is a continuous process and the selection of programs to
apply scarce resources is a dynamic process. One manifestation of the dynamic nature of this
planning is that as programs mature (reach a point of diminishing returns) new initiatives are
undertaken, which produce better marginal results. With this dynamic nature of the IRP
process, it is not to say that existing programs are discontinued, but are simply allowed to
continue (either with or without madification), but are de-emphasized with regard to the use of
scarce resources. The new initiatives which appear to be fruitful are implemented with
sufficient resources so as to make them effective. Once a program is implemented, then
planning goes on to evaluate other options. In the process of developing plans, BPU
management personnel are always looking for initiatives which will produce the greatest result
with the least long-run investment and expense.

Studies done under the IRP umbrella have produced programs that have yielded cost
reductions, increased the use of more efficient generating units, enhanced conservation, and
improved net revenues. In general these activities have helped hold down rates. Studies have
been made which have focused upon increasing the use of renewable or “green” resources as
well as improving energy conservation. An example of an energy conserving program is the
Street Lighting and Signal Light Replacement Program where more efficient lamps are being
utilized to replace older less efficient lamps while providing the same or greater level of
lumens to the area or signal brightness.

Initial efforts by the BPU were aimed at improved energy utilization (increased off peak energy
use). The more recent plan focuses on assisting customers through energy efficiency
measures, as well as long-term green energy initiatives, which act as a hedge against carbon
based generation volatility.

Resource options considered viable are screened through cost analysis and penetration
studies. Resource options for meeting the power requirements of a system are traditionally
screened through a power-supply evaluation program. The equipment to be evaluated for
supply-side resource is first screened by an assessment of what options are available and
most likely viable. In integrated resource planning demand-side options are also considered.
The viable candidates are then placed into the mix of power-supply options for total resource
evaluation. This evaluation will indicate what mix of programs should provide the lowest long
term cost and will be pursued. The overall evaluation is typically done through the use of a
long-term chronological production cost power supply modeling

Resource planning at the Kansas City Board of Public Utilities (BPU) is an ongoing process.
As opportunities for acquiring additional resources are presented, the BPU performs studies
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and analysis, and then decides how to proceed depending on the results of the analysis. The
BPU has completed a great deal of analysis over the years to ensure the BPU and its
customer base are well insulated from volatility through energy source diversification and
hedging while also preparing for inevitable shifts in demand based on population, industry,
and technology changes. The following chronicles many of these studies.

In 2006, BPU commissioned a study for an independent review and update of the 2003
Kansas City Board of Public Utilities Electric System Master Plan. A conclusion of the study
was that the most economical next new unit for BPU to meet projected demand is a nominal
235 MW pulverized coal unit. Subsequent to the completion of the 2006 Planning Study, in
the first half of 2007, in a landmark case, the U.S. Supreme Court ruled that carbon dioxide
and other global warming pollutants can be regulated under the Clean Air Act. The court also
ruled that the EPA cannot refuse to regulate these pollutants for political reasons. In the first
challenge since the ruling, the Sierra Club and Earthjustice petitioned the state of Kansas not
to issue a permit for expansion of a coal-fired power plant proposed in Western Kansas unless
it requires substantial controls for carbon dioxide. Subsequently, Secretary of the Kansas
Department of Health and Environment, Roderick Bremby made an announcement in fall
2007 denying the air quality permit for Sunflower Electric Power Corporation's Holcomb
Expansion. Bremby's decision was based on his opinion that additional carbon dioxide in the
atmosphere presents a "substantial endangerment" to the public health of Kansans. Current
EPA and Kansas regulations did not consider carbon dioxide a pollutant. The Secretary's
decision set aside KDHE professional staff's recommendation to issue the permit and
disregarded the extensive and exhaustive work completed by the KDHE technical staff to
ensure that public health and the environment were protected, public concerns were
addressed, and strict state and federal laws were followed.

A consequence of the Bremby decision was concern about the ability to permit a coal fired
plant in the state of Kansas. Therefore, in 2008 the Kansas City Board of Public Utilities
(BPU) performed a Ten Year Power Supply Plan study which considered natural gas fueled
generation future resources capable of meeting the BPU’s need for firm generating capacity.
One conclusion of the study was that it was less costly to continue to operate Q1 through
2017 rather than to retire it and replace it with a similar amount of combustion turbine based
capacity. Of the expansion plans considered, the plans that convert new or existing simple
cycle combustion turbines to combined cycle combustion turbines are consistently the most
expensive plans because the production cost savings associated with the efficiency of a
combined cycle configuration compared to a simple cycle configuration are not sufficient to
offset the combined cycle’s incremental capital cost. In the least cost plan, BPU could meet
its additional load growth with the addition of a 43 MW LMG6000 type aero-derivative
combustion turbine in 2011. The second least-cost plan also assumed Q1 remained in
service and that two smaller (21 MW) LM2500 type combustion turbines were added for
growth, one in 2011 and one in 2015. In the third least cost plan, a 75 MW Frame 7EA
combustion turbine could be added in 2011.

In 2009, after the completion of the 2008 10-yr Power Supply Plan study, BPU was able to
obtain firm transmission service on its SWPA Hydro purchases through the SPP aggregate
study process. The ability to obtain firm transmission service from the SWPA Hydro capacity
provided 39 MW of accredited capacity to the BPU. Obtaining this capacity moved BPU'’s
need for additional capacity to the year 2016. Therefore allowing BPU the ability to defer
capital costs associated with the anticipated generation need.

The following is additional documentation of many of the studies and analysis performed.
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A. Electric Master Plan Review and Power Market Assessment

In 2006, BPU commissioned a study for an independent review and update of the 2003
Kansas City Board of Public Utilities Electric System Master Plan. The study was conducted
in parallel with a base load generation siting study designed to identify the most feasible site
for new base load generation available to the BPU system. A wholesale power market
assessment designed to identify neighboring utilities needing additional generation with the
common goal of the acquisition of additional generating capacity and energy to meet the
needs of a growing service area was performed as a component of this study. The benefits
identified in partnering with other utilities are twofold:

* Reduced costs to BPU customers from excess capacity that typically exists in the
years immediately following the addition of the next major new generation resource,
and

» Potentially significant economies-of-scale associated with the construction of
generators larger than would be required to meet BPU’s demand alone.

By conducting siting and market assessment studies concurrent with the Master Plan update,
the BPU ensured that the costs of new generation resources considered reflect site specific
conditions and cost-effective generator unit sizing. The concurrent studies also preserved the
lead time required to design, permit, and construct new coal fueled generation for commercial
operation in 2012 consistent with what the 2003 Master Plan indicated was needed.

This independent Master Plan review and update of 2006 addressed the future power supply
needs of the BPU's native load customers, plus the wholesale power sales commitments
under existing contracts through 2021-2022. The study also considered age and ability of the
existing BPU generators to continue providing the level of economic and reliable service they
have provided over the past 35 or more years. The period of study was the 25-year period
2006 through 2030.

The Master Plan review included the following elements:

« Forecast Need for Power--A review of previous BPU electric load and generating
capacity requirement forecasts, a forecast of the capabilities and costs of existing BPU
generators and power purchases, and a forecast of the timing and size of additional
generating capacity needs.

» Characterization of New Power Supply Resources--Descriptions of the new power
supply resources available to the BPU including conventional and renewable supply-
side generation options, demand-side management programs designed to reduce the
demand for power and possibly delay the need for new generation, and purchased
power.

« Supply Side and Demand Side Resource Screening--A qualitative comparison of
alternative resources with regard to their applicability to the BPU system along with a
lifecycle cost comparison of the applicable options.

¢ Financial Comparison of Alternative Power Supply Plans--The identification of
alternative plans to meet 2006-2030 generating capacity and energy needs and the
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comparison of these plans on a comparative revenue requirement basis. Includes
associated risk and contingency analyses.

» Bilateral Power Market Description--A description of the potential availability of base
load purchased power to be acquired in lieu of construction of a new BPU resource,
and a description of the initial responses to a bridge power solicitation.

A conclusion of the study was that the most economical next new unit for BPU to meet the
projected demand is a nominal 235 MW pulverized coal unit. The Executive Summary from
that report is included in Appendix E.

B. 2008 Ten Year Power Supply Plan, updated 12/2012 (The Gas Plan) -
Subsequent to the 2006 Master Plan review and update, in late 2008, the Kansas City Board
of Public Utilities (BPU) completed a Ten Year Power Supply Plan study. The 10-year power
supply study considered natural gas fueled generation resources capable of meeting the
BPU's need for firm generating capacity. The need for capacity was identified as the
difference between forecast peak demand plus reserve requirements and the capacities of
existing power supply resources. The study recognized the expected outputs of existing BPU
generators and that the economics of the Quindaro Units’ continued operation is a function of
potential future environmental regulations, including the Regional Haze Rule and the ozone
non-attainment conditions in the Kansas City metropolitan area. The study period was the 10-
year period beginning 2008 through 2017. That study identified a need for between 35 and
107 MW of additional firm capacity by 2017, dependent upon whether or not BPU continued to
operate Quindaro Unit 1 (Q1). The study consisted of the comparison of ten alternative
generation expansion plans. Each plan was based on the use of simple cycle combustion
turbines and/or combined cycle units burning natural gas as the primary fuel.

The study objective was to find the power supply plan that minimized overall costs to BPU
customers during the ten-year study period under a range of plausible future conditions. The
initial set of plan comparisons assumed forecasts of expected fuel prices, power purchase and
sales price, load growth, sulfur dioxide (S0O2) allowance prices and carbon dioxide (C0O2)
allowance prices. In addition, sensitivity analyses were conducted to compare the costs to
customers under the following conditions:

» Gain of a large (28 MW) customer, at a load factor similar to the BPU system load
factor.

» Loss of a large (28 MW) customer, at a load factor similar to the system load factor.

 High natural gas and electric market prices.

* A high cost for CO2 emissions either as a result of a cap & trade program or the
application of a carbon tax.

* No purchases of economy energy from the market reflecting an extreme case of
transmission congestion.

One conclusion of the study was that it was consistently less costly to continue to operate Q1
through 2017 rather than to retire it and replace it with a similar amount of combustion turbine
based capacity. Q1 was assumed to be required to be retrofit with a selective catalytic
reduction (SCR) system for nitrogen oxide (NOx) control in order to continue operating
through the study period. Of the expansion plans considered, the plans that convert new or
existing simple cycle combustion turbines to combined cycle combustion turbines are
consistently the most expensive plans because the production cost savings associated with
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the efficiency of a combined cycle configuration compared to a simple cycle configuration are
not sufficient to offset the combined cycle’s incremental capital cost during the 10 year
planning period. In the least cost plan, BPU could meet the additional load growth with the
addition of a 43 MW LM6000 type aero-derivative combustion turbine in 2011. The second
least-cost plan also assumed Q1 remains in service and that two smaller (21 MW) LM2500
type combustion turbines were added for growth, one in 2011 and one in 2015. In the third
least cost plan, a 75 MW Frame 7EA combustion turbine could be added in 2011.

Because the NPV costs of the three least-cost plans calling for the addition of an LM6000
turbine, two LM2500 turbines or a 7EA turbine were so close, BPU selected the 7EA plan as
the basis of the rate impact analysis in order to accommodate what is likely to be the most
capital intensive of the least-cost plans and to allow BPU to maintain needed flexibility in
procuring turbines.

C. 2008 - 2009 Kansas Municipal Generation Planning

The BPU participated in a joint resource planning study with Kansas Municipal Utilities (KMU),
Kansas Public Power (KPP), and Kansas Municipal Energy Agency (KMEA) to determine a
viable power supply plan that meets the power supply needs of all the participants at a cost
that is more cost-effective than if the participants develop individual plans.

Power supply data was compiled and analyzed for the KMU membership as a whole as well
as an approach to the individual agency power supply needs of KMEA, KPP and Kansas City
BPU.

D. 2011 Environmental Regulatory Uncertainty Report

In July 2011, Black and Veatch was commissioned to perform a study related to the current
and future environmental regulatory climate and how those regulations may affect BPU
generation and the utility industry as a whole. The study focused on regulations associated
with air quality, solid waste, as well as potentially new water mandates and how these new or
potential mandates would affect the current fleet of generation at the BPU.

The study was divided into the near term (2012 - 2014) and the long term (2015 and beyond)
compliance planning to ensure the BPU was taking all necessary steps to be prepared for
regulatory changes. In the near term CSAPR or the Cross State Air Pollution Regulations
were analyzed, with an expected compliance date of January 1, 2012. Within the CSAPR
analysis several alternatives were analyzed including air quality controls on Nearman1,
Quindaro1, and Quindaro2, the discontinuation of coal on Quindaro1 and Quindaro?2,
additional purchase power scenarios including that of the Dogwood combined cycle plant, as
well as a discussion related to allowances and the pricing structure that may be established to
handle those regulations.

In the long term analysis Black and Veatch reviewed a number of current and potential
mandates. Long term compliance planning involved utility MACT or Maximum Achievable
Control Technology which anticipated a compliance date of January 1, 2015, the maturing of
CSAPR regulations, as well as NAAQS or National Ambient Air Quality Standards which were
still pending at the time of the analysis. All potential and upcoming regulations were expected
to have moderate to meaningful impacts on the generation side of the BPU and would
continue to require continuous monitoring to ensure the BPU is doing everything possible to
be compliant under current regulations as well as adapt plans to better position the utility
going forward.
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E. 2016 Clean Power Plan Study

In 2016 the BPU partnered with the Electric Power Research Institute (EPRI) to analyze the
effects and options of various scenarios under the proposed U.S. Environmental Protection
Agency’'s Clean Power Plan (CPP). As part of that analysis EPRI and the BPU evaluated
various compliance pathway choices for implementing that plan and the implications of
Kansas’ options in preparing a CPP required state plan. As part of this review the analysis
specifically assessed the mass and rate based pathways under a range of sensitivities.
EPRI's U.S. Regional Economy, Greenhouse Gas, and Energy (US-REGEN) model was
utilized to compare the various scenarios against the business as usual case. As part of this
review the analysis suggested that business as usual within the state of Kansas would be
insufficient to meet the required targets and thus various actions would be required to meet
the proposed requirements. The analysis indicated that strong cases could be made for both
mass and rate based pathways, though neither dominated in all scenarios.

Since the conclusion of the study the CPP underwent a series of reviews at the U.S. EPA as
well as being stayed at the D.C. Circuit of Appeals. As of now the CPP is not expected to
move forward in a manner consistent with the original proposal.

Although the CPP is not expected to have a material impact on generation requirements
moving forward the BPU does expect other regulatory matters to come up in the coming years
that will materially impact generation sources and output levels with the newest proposal in
the pipeline being the Affordable Clean Energy (ACE) rule, although this plan has yet to be
effectively published and therefore is expected to receive substantial review prior to
implementation.

IX. PROPOSED FUTURE INITIATIVES

A. General

The Integrated Resource Plan is intended to act as a comprehensive decision support tool
and road map for the BPU’s objective of providing reliable and least-cost electric service to all
of its customers while addressing the substantial risks and uncertainties inherent in the
electric utility business. Today's utilities are facing even greater challenges than ever before
with likely more challenges and opportunities on the horizon. The analysis and decisions that
culminate within the IRP will likely make lasting and substantial advancements in the
development of the utility and therefore to its customers. As such BPU is constantly evaluating
its options with respect to capacity and or energy additions or modifications in light of the
numerous changes within the industry as well as those changes that may affect the industry
from a far.

The challenges facing new generation are significant and any deferral or reduction of capacity
additions may have worthwhile dividends. BPU will continue to systematically challenge
capacity addition decisions using available data on proven renewable and energy efficiency
alternatives as well as conventional supply side alternatives.

X. ACTION PLAN

The BPU is devoting considerable resources to the programs either operating or being
considered as a part of Integrated Resource Planning. The existing programs are yielding
beneficial results. These programs are aiding in holding down rates, conserving energy,
improving use of power generating equipment, and reducing the use of limited and more
costly fossil fuels.
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The BPU is going to continue to analyze the effectiveness of the current programs while
continuing to search for additional programs both at the utility level as well as at the customer
level. As technology continues to evolve more and more opportunities will become available
that allow consumers to make smarter energy choices while also allowing the BPU to make
more efficient choices, therefore saving everyone money. All the current ongoing programs
are expected to continue over the next year. Future programs are being evaluated and if
considered worthy of consideration will be evaluated to determine its cost effectiveness.

Results of the current supply side analysis indicate that the BPU will likely not require
additional supply side resources over the next five years. Since the anticipated need for new
supply-side resources is greater than five years out, there is sufficient time for the BPU to
diligently consider all the options before committing to any action at the current time.
Changes to the EPA power plant emission regulations, policies affecting carbon dioxide output
levels, or even changes within the economic structure of various generation types will likely
influence BPU power supply decisions. Although the BPU does not have immediate plans for
additional generation, as either the opportunity or need for additional generation or purchases
avails, the BPU will evaluate and consider the opportunities.

Although the BPU does not have immediate need for additional supply-side resources, the
BPU will continue to evaluate opportunities for additional supply-side and demand-side
resources for environmental and economic benefit. If the resources are of benefit to the BPU
and its customers, the resources will be thoroughly analyzed and if the qualifications are met
will be integrated into the existing resource mix towards meeting current and future needs.

Xl PUBLIC PARTICIPATION

Communication with its customers has always been a hallmark of the BPU. The IRP is both
an art and a science and is an attempt to quantify and qualify the best possible scenarios for
the utility and the community it serves. As part of this process the BPU is committed to openly
dlscussmg the IRP and all that it entails with those in and of the community to ensure that the
voice of the community is heard while providing insight into the process.

In keeping with this tradition and the Federal Regulations, 10 CFR Part 905.11, governing the
public participation requirements in developing BPU's IRP, the BPU is initiating this public
process starting with this publication of the IRP:

1. Publication in Draft format posted with a downloadable link at the BPU web site,
www.BPU.com, with paper or electronic copies available for the public upon request.
Requests should be submitted to:

Electric Supply Planning

Kansas City Board of Public Utilities
Electric Supply Administration Office
PO Box 2409

Kansas City, KS 66102

Attention: Andrew Ferris

Or by e-mail at:

aferris@bpu.com
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Upon posting, a notice will be published in the utilities current Publication of Record for
official notices. This notice will open a 30 day public comment period and announce
the date and time of the public meeting. At the meeting, BPU staff will explain the IRP
process, present information in the IRP and receive comments from the public.

At the completion of the public comment period the BPU will have 30 days to
incorporate the comments into the report with a full copy of all comments included in
the appendix of the IRP.

Upon the publication of the IRP the elected members of the Board will have 30 days to
approve the Integrated Resource Plan - Final Copy. Approval of the document
constitutes the passing of a Board Resolution authorizing the General Manager to
certify the submittal to Western Area Power Administration that the IRP meets all
requirements set forth in 10 CFR Part 905 applicable to the Board of Public Utilities of
Kansas City, Kansas.

An executed copy of the Board Resolution and one bound copy of the Integrated
Resource Plan will be mailed to WAPA at their current address for legal notices. An
electronic copy of the IRP will be made available to WAPA for publication on their web
site and the current copy of BPU’'s WAPA-approved IRP will be maintained on BPU'’s
web site during the term of our agreement with WAPA to meet the requirements of
current regulations governing WAPA IRP customer transparency.
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KANSAS CITY BOARD OF PUBLIC UTILITIES

OFFICE OF MARKETING & CORPORATE COMMUNICATIONS
5440 Minnesota Avenue

Kansas City, KS 66101

Contact: David Mehthaff Date: July 19, 2019
Chief Communications Officer
Phone: {913} 573-9173 For Immediate Release

E-mail: dmeblhaff@bpu.com

Web site: weww. Dpu.com

Facebook: www. facebook.comfkekbpu

Twitter: http://twitter.com/kckbpu

YouTube: hitps:/feeww voutube . com/user/kekbou

BPU Takes Public Comment on 2019 Integrated Resource Plan

(KANSAS CITY, Ks.} — The Kansas City Board of Public Utilities {BPU)J, in
accordance with Federal Regulation, 10 CFR, Part 905.11, is taking public comment and
making available for review its draft 2019 Integrated Resource Plan {IRP}.

Integrated Resource Planning {(IRP) is a process that involves consideration of
demand-side options in addition to traditional supply-side options in meeting the
power needs of an electrical system. Such planning focuses on the need to seek and
evaluate opportunities for savings of demand and energy in addition to evaluating
traditional supply resources. it is an on-going planning process that is updated as
conditions, price costs, technologies and power requirements change. The object of
such planning is to find a least cost solution which will supply customers the amount




and quality of electric service they desire while at the same time promoting the
utility’s long term financial health.

BPU is required by law to file an Integrated Resource Plan (IRP) with Western
Area Power Administration, an agency of the U.S. Department of Energy (WAPA), and
update the plan every five years. As part of this requirement, BPU must also submit
annual progress reports and the status of its IRP. The report being made available is
the draft BPU’s 2019 IRP.

Public comments on BPU’s draft 2019 IRP will be accepted for 30 days from
notice of this publication. Comments can be forwarded to the Settlement Analyst,
Andrew Ferris using any of the contact methods which appear below.

- more -

Paper print copies of the draft 2019 IRP are available to the public by request. To
receive a print copy, please contact:

SPP Settlement Analyst

Board of Public Utilities 312 N. 65" Street
Kansas City, KS 66102

Attn: Andrew Ferris

Electronic copies are available by submitting requests to aferris@bpu.com, and are
also available on BPU's website at the following
http: / fwww.bpu.com/Portals/0/pdf/integratedResourcePlan. pdf link.

For additional questions regarding the draft 2019 IRP, please contact Andrew Ferris,
(913} 573-6838,

No public comments were received during the open comment period.




RESOLUTION No. 5242

RESOLUTION APPROVING THE 2019 INTEGRATED RESOURCE PLAN
OF THE KANSAS CITY BOARD OF PUBLIC UTILITIES AN ADMINISTRATIVE
AGENCY OF THE UNIFIED GOVERNMENT OF WYANDOTTE COUNTY/KANSAS
CITY KANSAS PERTAINING TO
PLANNING FOR NEW ENERGY SOURCES

WHEREAS, the Kansas City Board of Public Utilities (the "BPU") an
administrative agency of the Unified Government of Wyandotte County/Kansas City
("Unified Government"), has prepared a 2019 Integrated Resource Plan in accordance
with Department of Energy Regulations at 10 CFR Part 905, Subpart B for submittal to
the Western Area Power Administration in accordance with the regulations; and

WHEREAS, the BPU reviewed the 2019 Integrated Resource Plan at its work
session meeting on July 18, 2019; and

WHEREAS, the BPU has considered all matters it deemed necessary or appropriate to
enable it to review, evaluate and reach an informed conclusion as to completeness and
approval of the 2019 Integrated Resource Plan as supplemented and has determined that the
2019 Integrated Resource Plan as supplemented is complete to and in the best interests of the
BPU.

BE IT RESOLVED BY THE KANSAS CITY BOARD OF PUBLIC UTILITIES AS
FOLLOWS:

1. The 2014 Integrated Resource Plan as supplemented is determined complete
and is approved for submittal to the Western Area Power Administration pursuant to
Department of Energy Regulations at 10 CFR Part 905, Subpart B, and provides for the
overall direction of activities related to providing adequate and reliable electric service;
and further

2. William Johnson, General Manager of the BPU and Jerry Ohmes as Manager of Electric
Supply of the BPU are authorized and directed to execute such planning activities as are
necessary to provide reliable electric energy supply consistent with the 2014 Integrated
Resource Plan as supplemented.

Passed by the Kansas City Board of Public Utilities this September 4., 2019,
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KANSAS CITY, KANSAS, BOARD OF PUBLIC UTILITIES
LOAD FORECAST

BPU SYSTEM LOAD FORECAST

Introduction
The Board of Public Utilities updates its electric load forecast on an ongoing basis. Short—
term peak demand energy forecasts are developed for use in revenue forecasting and
budgeting. Long~term energy and peak demand forecasts are developed for use in longer
term system planning such as to assess the long-term energy and demand requirements
of the BPU and for use in performing analyses of various capacity and/or energy purchase
options.

Methodology

BPU's forecasting method is a bottom-up approach developed by aggregating customer
class specific forecasts. Developing customer class specific forecasts allows for the ability
to get a refined estimate of total system demand. The estimates for the individual
customer classes are aggregated to develop the estimate for the entire system as a whole.
In using this method, the forecast for the system as a whole is typically more accurate
since it allows for careful consideration of the change in demand for each of the customer
classes and then combining these carefully considered estimates rather than merely
making one large system forecast estimate which may not as thoroughly consider all of the
factors causing both the change in number of customers in each class and the use per
customer of each individual customer class.

Customer class-specific forecast models of the energy requirements were developed by
comparing a linear regression technique with the outputs of the Smart forecasting
software. Individual energy sales forecast models were prepared for each of the three
largest customer classes, which are industrial, commercial, and residential. The forecast
models are based on historical and projected future customer class—specific energy
requirements. Below are graphs and output of the industrial, commercial, and residential
class data. No future major industrial customers have been added beyond the existing
known customers.

Forecast Results
The individual historical data and forecasts for industrial, commercial, and residential
energy consumption are shown graphically in Figures 1 through 3 below.




Figure 1
Industrial Forecast
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Figure 2
Commercial Forecast
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Figure 3
Residential Forecast
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Major Customer Class Historical and Forecast Demand

The individual historical data and forecasts for industrial, commercial, and residential
energy consumption are aggregated in Table 1 below. Aggregated into the Commercial
customer class forecast is a forecast of the demand of the developing Village West
shopping and entertainment area that was started in 2002. The Village West development
includes the International Speedway, the Sporting Kansas City soccer stadium, the
Schlitterbahn waterpark, the Cerner complex, the Legends shopping center, dining and
entertainment establishments, large retail establishments, and lodging facilities. It is
experiencing continued growth in commercial, retail and entertainment venues, as well as
a U.S. soccer training and development center. The estimates below are attempting to
account for the impact on electric demand through the final phases of the development of
the Village West District in western Wyandotte County.




Table 1
Historical and Forecast Annual Major Customer Class Data (MWh

| Percent Percent Percent | Major Customer | Percent
Year INDUSTRIAL Change COMMERCIAL Change RESIDENTIAL Change | Classes Summed | Change
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The major customer classes’ aggregate number is added to the smaller customer classes’
energy forecasts. The smaller customer classes are: schools, local government, highway
lighting, and metered and un-metered city government, BPU interdepartmental and
borderline customers. Borderline customers’ demand is served by BPU through a
neighboring utility's distribution system. The customers are billed through the neighboring
utility’s billing system and BPU is paid by the neighboring utility. The table of historical and
forecasted data of the small customer class data appears below:




“Smaller Customer Class Data
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E. Losses

Losses are estimated based on component losses for transmission, primary, and
These loss estimates are applied by customer class as annotated

secondary loads.

below.

Table 3

LOSSES




F.

Losses
Transmission  Primary  Secondary
Customer Class 0.44% 2.39% 4.38%
Industrial X ‘
Commercial X X X
Village West X X X
Residential X X X
Schools \ ) & X X
Hiway Lighting . X X X
Sy X X X
- Metered City of KCK X X X
Unmetered City of KCK X X X
BPU Inter-Departmental X X X
Borderline S X X
Nearman Participating X
Wholesale X

Peak System Demand

Peak system demand is calculated based on linear regression trend modeling of the
historical peak plotted against the associated system net for the years 1995 through 2018,
Figure 4 contains a plot of the system annual net energy and system annual peak
demand. The black line in Figure 4 shows the historical trend fine relationship between
system annual net energy and system annual peak demand.

Figure 4
System Net to System Peak Relationship
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In addition to its retail load responsibilities, the BPU had wholesale power supply
contracts with Columbia, MO and the Kansas Municipal Energy Agency (KMEA)
based on their participation in BPU's Nearman Unit No. 1. The contract with Columbia,
MO was terminated effective April 2013 and resulted in an additional capacity of 20
MW. The KMEA contract expired as of December 31, 2015 and yielded another 37.5
MW of capacity. The additional capacity was necessary to help offset the expected
retirement of the Quindaro steam units as well as CT1. and is expected capacity
shortfalls from the retirement of some of the existing CTs. Forecasted Energy sales to
KMEA for the remainder of the contract were based on expected unit availability and
anticipated SPP pricing. Recent Nearman participating historical data and forecast
energy appears in the table below; .

Table 4
NEARMAN PARTICIPATING ENERGY
Nearman
Participating Enerpy

{kWh} Columbia
2007 434,356,000 275,885,000 158,471,000
2008 398,063,000 247,828,000 150,235,000
2009 296,477,000 149,658,000 146,819,000
2010 296,136,000 145,316,000 150,820,000
2011 277,681,000 131,451,000 146,230,000
2012 101,330,000 50,210,000 51,120,000
2013 93,308,000 86,013,000 7,295,000
2014 111,874,000 111,874,000 -
2015 20,179,000 20,179,000 -

The aggregate peak for Nearman Participants was 58MW, which is the sum of the KMEA and

Columbia contract amounts. The historical energy varies from year to year.

G. Forecast Results

The system load forecast developed by the BPU is shown in Table 5. The forecast
includes sales to BPU’s retail customers, borderline, city, and BPU interdepartmental as
well as any system losses that are incurred.




Table 5
Load Forecast

2000 404l 2,465 57%
2001 496| 2,449 56%
2002 a79| 2,482 59%
2003 520 2,470 54%
2004 490 2,501 58%
2005 501 2,611 59%
2006 529| 2,639 57%
2007 512| 2,578 57%
2008 492| 2,513 58%
2009 4711 2,376 58%
2010 501] 2,530 58%
2011 502| 2,465 56%
2012 495| 2,425 56%
2013 4s4] 2,350 59%
2014 459 2,410 60%
2015 485| 2,408 57%
2016 480 2,432 58%
2017 494 2,352 54%
2018 496| 2,535 58%
2019 492 2438 57%
2020 488 2419 57%
2021 485 2403 57%
2022 485 2403 57%
2023 485 2402 57%
2024 485 2402 57%
2025 485 2401 57%
2026 484 2400 57%
2027 483 . 2400 57%
2028 482 2399 57%
2029 481 2398 57%
2030 480 2398 57%
2031 478 2397 57%
2032 475 2397 58%
2033 474 2396 58%

BPU’s base energy requirements are projected to shrink at an average annual rate of about
0.037% per year over the fifteen year forecast.




Monthly historical data from 2000 through 2018 was used to allocate energy and peak for
each month. A percentage of average monthly system net is used to spread forecasted
energy between months in all forecasted years. A percentage of average monthly peak
compared to the average annual peak is used to determine monthly peak in all forecasted
years. The data tables and graphs appear below:

Figure 5
BPU Historical Monthly Energy
BPU Historical Monthly Energy
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Figure 6
BPU Historical Monthly Peak (MW)

BPU Historical Monthly Peak [MW)
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Executive
Summary

This report summarizes analysis by the Electric Power
Research Institute (EPRI) to evaluate compliance pathway
choices for implementing the U.S. Environmental Protection
Agency’s Clean Power Plan (CPP) in Kansas. This EPRI
analysis looked at the implications of Kansas’ options in
preparing a CPP-required state plan and specifically assessed
mass- and rate-based pathways under a range of sensitivities.

EPRI’s U.S. Regional Economy, Greenhouse Gas, and Energy
(US-REGEN) model was used to compare CPP compliance
results to an appropriate reference scenario (i.e., without the
CPP) to understand tradeoffs between planning options. In
addition to rate and mass paths, the analysis considers
alternate trading scenarios to understand how reliance on in-
state measures versus participation in multi-state emissions
trading markets could influence outcomes.

Model results show that Kansas’ business-as-usual generation
mix without the CPP would likely be out of compliance with
mass and rate targets (Figures 3-4 and 3-5), which means that
additional measures (e.g., changes to the fleet, allowance
purchases, or emission rate credit purchases) would likely be
necessary to close this gap.

The analysis suggests that strong cases can be made for both
mass- and rate-based pathways, though neither path
dominates under all possible futures. Results are driven
principally by the comparative incentives of building new
natural gas combined cycle (NGCC) units relative to wind.
When gas prices are low, new NGCC units may be built under
reference conditions, which would likely make existing-mass
(implemented as per the proposed Federal Plan in this
analysis) a lower cost CPP pathway for Kansas. When gas
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prices are high and/or wind
costs are low, the economics
of new wind capacity in
Kansas are favorable even
without the CPP due to the
state’s high resource
potential. Exports under
these conditions increase
considerably, and the
subcategory-rate pathway
would align more closely
with these investments,

Regardless of gas prices, planned wind capacity installations in
Kansas through 2018 help with rate-based compliance and
give additional lead time before incremental CPP-related
investments have to be made.

Depending on how uncertainties resolve, the primary elements
of CPP compliance for Kansas could include:

» Lowering coal-based in-state generation through
retirements and/or lower utilization (Figure 5-4 and 5-
5)

¢ Constructing new natural gas combined cycle or wind
capacity to comply with the state’s chosen mass or rate
pathway (Figures 5-3 and 6-3)

s Trading CO, allowances or emission rate credits if
mass- or rate-based pathways are chosen by the state,
respectively (Figures 5-7 and 6-4)

Another robust finding is that promoting multi-state credit
trading lowers compliance costs for Kansas compared with
“island” scenarios, which implement only in-state mitigation
measures (i.e., actions within the state’s borders). The
magnitude of this cost reduction from access to national
markets (Tables 6-3 and 6-4) and impact on in-state capacity
investments (Figures 5-3 and 6-3) depend on pathway
selections in other states. Despite its potential role in cost
containment, inter-state CPP market participation involves
tradeoffs with increased uncertainty about the pace of market
development, liquidity, volatility, and exposure to forces
external to the state of Kansas.
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Potential impacts of rate-
and mass-based compliance
plans vary based on assumed
market conditions like
natural gas prices, CPP
pathway choices in other
states, wind costs,
transmission, and coal
retirements (Figure 6-11).
Given uncertainty about
these factors, which are
largely independent from
pathway decisions, the
option to amend pathway
selection as more
information becomes
available could help to limit
compliance costs.
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Although this analysis offers insights for state-level CPP
decision-making, model approximations and incomplete
system dynamics suggest that the analysis should not be
interpreted as a definitive determination of CPP planning for
Kansas. The impacts of the CPP vary widely on a state-by-state
basis and depend on factors like current and anticipated state-
level policies, planned retirements of existing assets, and
decisions in neighboring states. These factors can affect
insights and least-cost strategies. Each state’s preferred
portfolio of compliance measures and actual deployment could
depend on a broad range of considerations beyond the scope of
this economic modeling and analysis, including local
incentives, other policy goals, risk tolerance, and other factors
(e.g., policy, legal cases, permitting, and uncertainty).
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Section 1: Introduction

This report summarizes analysis by the Electric Power Research Institute
(EPRI) of the comparative costs, investment implications, and other
impacts of compliance pathway choices for implementing the U.S.
Environmental Protection Agency’s Clean Power Plan (CPP) in Kansas.
The report is intended to provide insight into Kansas’ possible options in
preparing its CPP state plan. The analysis was conducted with funding
from a consortium of Kansas utilities, including Sunflower Electric Power
Corporation and Kansas City Board of Public Utilities.

The U.S. Environmental Protection Agency’s Clean Power Plan

The U.S. Environmental Protection Agency (EPA) released its Carbon
Pollution Emission Guidelines for Existing Stationary Sources: Electric
Utility Generating Units, also known as the Clean Power Plan, on August
3,2015.!

Promulgated under Section 111(d) of the Clean Air Act (CAA), the CPP
would require states to create plans explaining how they would comply
with state-specific carbon dioxide (CQ.) emission reduction mandates for
existing fossil-fueled electric generating units.

The state plans specify the form and extent of CO, emission reduction
requirements for affected units. The EPA identifies six compliance
pathways for states, three of which are based on emission rates (i.e.,
emissions per generated electricity) and the others on mass-based
emission caps. The CPP provides flexibility for states to develop other
compliance approaches, which are subject to EPA approval. In addition to
pathway selection, a second decision for states is to determine the degree
of participation in multi-state trading programs of CPP allowances or
emission rate credits as a complement to in-state mitigation measures.

On February 9, 2016, the Supreme Court issued a stay on CPP
implementation while the lower courts review pending legal challenges.
The impact of the stay on CPP requirements and timetables was uncertain
at the time of this report’s preparation.

* The Final Rule was published in the Federal Register on October 23, 2015 (80 FR 64661).
EPRI's summary and interpretation of the CPP is'provided here as background and is not
legal advice.
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EPRI's in-house electric
sector model (US-REGEN)
captures detailed CPP-
related cholces and
economic tradeoffs.

Motivations for the State-Level Analysis of Clean Power Plan
Compliance Options for Kansas

The flexibility of alternate CPP pathways could help states manage
compliance costs; however, these options are accompanied by detailed
provisions and state-specific considerations requiring careful deliberation
and analysis. Some of the factors that can impact a state’s compliance
strategy are influenced by decisions outside of the state or by
circumstances beyond an individual state’s ability to control. The
challenge for state planners is knowing how these choices could impact
implementation decisions, compliance costs, environmental integrity,
reliability and other short- and long-term outcomes in an uncertain
world.

Since 2012, EPRI's Program 103 (Analysis of Environmental Policy
Design, Implementation, and Company Strategy) has been creating the
tools needed for its members and the public to understand potential CPP
impacts on utility assets and operations, and to create cost-effective
compliance strategies.

Program 103 and EPRI’s Energy and Environmental Analysis group have
supported the continual development and refinement of the U.S. Regional
Economy, Greenhouse Gas, and Energy (US-REGEN) model. Among
other applications, US-REGEN offers a flexible and customizable platform
for assessing impacts of technological developments and policies like the
CPP on the electric power sector, providing insights into how alternate
pathway choices and multi-state trading markets may influence electricity
generation, investments, power system operations, emissions, and costs.
Datasets have been created and updated to characterize electricity
generation technologies and their costs, renewable energy resources, and
specifics of CPP options at the state level .

Research under EPRI’s Program 103 has concentrated on national and
regional implications of the Clean Power Plan. In 2015, a supplemental
project was offered providing US-REGEN analyses on in-depth
consideration of CPP implementation at the state level, including the
study in Kansas discussed in this report.

2 See Appendix A for additional information about the US-REGEN miodel and references
to model documentation,
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Section 2: Analysis Approach

M._..._

This analysis uses the
electric sector only version
of US-REGEN for detailed,
state-level analysis of
investments and dispatch.

The analysis strategy in this report is to compare CPP policy and
uncertainty scenarios to an appropriate reference case (i.e., without the
Clean Power Plan) to provide insight about the implications of different
CPP pathways for Kansas. The US-REGEN model offers an analytical
testbed for conducting controlled experiments to investigate differences
across scenarios.

EPRI's US-REGEN Model Structure, Assumptions, and Data

The Electric Power Research Institute developed and maintained the U.S.
Regional Economy, Greenhouse Gas, and Energy (US-REGEN) model.
US-REGEN combines detailed power sector capacity planning and
dispatch for the Lower 48 U.S. states with a dynamic computable general
equilibrium (CGE) model of the rest of the economy.? The two models are
solved iteratively to allow policy impacts on the electric sector to account
for economic responses (and vice versa), which means US-REGEN can
assess a wide range of energy and environmental policies. The analysis in
this report uses the electric-sector model only.

The electric-sector model simultaneously determines a cost-minimizing
solution for all 48 states subject to technical and policy-related
constraints. US-REGEN’s spatial and temporal detail provides possible
resource adequacy for each state and captures market dynamics not only
for electricity markets but also for CPP-related multi-state trading of
allowances (for mass-complying states) and emission rate credits (for
rate-complying states).

Model outputs are intended to represent critical details of asset
investment, power systems operations, and environmental compliance
options. However, it is important to interpret these results keeping in
mind that they are not meant to be predictions of future states-of-the-
world. Primary decision-relevant insights are driven by changes across
scenarios in “what-if” analyses under many different sensitivities, not by
absolute levels in particular scenarios.

3 The CGE model of the U.S, economy includes representations of the residential,
commercial, industrial, transportation, and fuels-processing sectors.
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The analysis-focuses on
the “subcategory rate” and
“existing mass only” Clean
Power Plan compliance
pathways for Kansas.

Although analysis in this report provides many state-level insights for
CPP decision-making, model approximations and incomplete system
dynamics suggest that it should not be construed as a definitive
determination of planning for Kansas.

¢ Actual deployment may depend on many additional factors, such
as local incentives, regulatory developments, other policy, judicial
outcomes, permitting, and other uncertainties.

¢ The modeling of the “Existing Mass” CPP pathway (discussed in
the next section) is based on the proposed Federal Plan, which
provides guidelines for managing “leakage” when new units are
not covered under a mass-based state plan. These EPA guidelines
could change in the final Federal Plan, and such modifications
could shift incentives for asset investment, dispatch, and
retirement moving forward.

¢ EPRI's US-REGEN model captures many areas of power-sector
planning in detail, but computational constraints place important
limitations on the degree of detail in specific states. For instance,
the model does not account for unit-commitment-related costs or
constraints, intra-state transmission constraints (though inter-
state transmission and investment are included), or gas
distribution to individual units. These model omissions could
impact the representation of potential CPP compliance measures
(e.g., the model likely overstates the potential for coal-to-gas re-
dispatch relative to a production-cost model due to gas
distribution).

Detailed discussions of US-REGEN's data, structure, assumptions, and
limitations regarding technological, economic, and policy-related
variables are provided in Appendix A of this report.#

Analysis Structure

The analysis in this report concentrates on Kansas’ state-level decisions to
understand the implications of alternate CPP pathways. The four primary
paths considered include two rate-based (“Subcategory Rate” and “State
Rate”) and two mass-based (“Existing Mass” and “Full Mass”) pathways,
as illustrated in Figure 2-1. Preliminary analysis suggested that the study
should focus on the subcategory rate (hereafter referred to as the “rate”
path) and mass cap for existing units only (hereafter referred to as the
“mass” or “existing mass” path).

4 Further detail and examples of model applications can be found in US-REGEN Model
Documentation 2014, EPRI Technical Update #3002004693 (available online at
http://eea.epri.com/models.html).
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| Steam units target of 1,305 Ib/MWh, NGCC
units target of 771 Ih/MWh (2030)

| Steam and NGCC units target equal to the
state rate

Existing and New Steam and NGCC units emit
less than the state mass target + the new
source complement target

Existing and Steam and NGCC units emit less
than the state mass target
Figure 2-1

Diagram of Clean Power Plan compliance pathways considered in the analysis

The analysis aims to inform decisions about possible pathway selections
for Kansas. The foundation for the decision is comparative costs between
these pathways, though other identified criteria are also qualitatively
discussed in the report. The analysis investigates the relative costs of rate
and mass paths under a range of sensitivities due to persistent
uncertainties about the future (e.g., fuel prices, asset lifetimes, renewables
costs), as discussed in the next subsection,

The flexible compliance options for states under the CPP complicates
decision-making and evaluating impacts of alternates, requiring
optimization and economic modeling tools to understand these tradeoffs
and impacts in a consistent framework. Such evaluations should be
conducted on a state-by-state basis given different targets, existing fleets,
and compliance options. Regional heterogeneity implies that there may
not be a dominant CPP path for all states, and the interdependence of
states’ actions (which are affected by CPP and power-sector-planning
choices elsewhere) means that decisions must be evaluated concurrently.
The US-REGEN modeling framework captures interactions between
states and their simultaneous optimizing behavior subject to CPP targets.
This unique structure allows US-REGEN to represent market interactions
for electricity, renewable energy certificates, CO, allowances, and
emission rate credits to assess economic impacts and trading possibilities
of policies like the CPP.

Cost comparisons in the report refer to electric-sector-only cost impacts
and, unless otherwise noted, include:

o All capital and operating costs
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e

CPP compliance costs are
incremental electric-sector
costs above the reference
(*no CPP") scenario. All
values are expressed in
real 2010 doliar terms.

e Cost of new transmission plus maintenance, which are equally split
between states on the line

» Net payments for CPP credits and allowances

¢ Regulatory costs (e.g., alternative compliance payments for renewable
portfolio standards, etc.)

¢ Cost of imported electricity, priced at the marginal wholesale price of
the exporting state (minus the cost of exported electricity)

All costs are expressed in 2010 dollar terms, discounted back to 2010 ata
five percent discount rate. Note that cost comparisons on this basis differ
from impacts on consumer electricity prices/rates.

CPP costs are defined as the incremental electric-sector costs above those
incurred in the corresponding reference case, which makes it critical to
define the reference scenario carefully and to present results explicitly (as
discussed in Section 3).

It is worth reiterating that the goal of this project is not to predict the
future by forecasting values of specific variables but to gain insight about
the strengths and shortcomings of different pathways based on relative
costs. Not only are costs intrinsically uncertain, but the Supreme Court
stay creates further cost uncertainty due to potential changes in the
regulatory landscape in yet unknown ways.

Many caveats about the uses and limitations of economic models should
be kept in mind when interpreting results from this analysis. Models like
US-REGEN are by necessity numerical abstractions of the complex
economic and energy systems they represent. As such, they may contain
approximation errors, incomplete system dynamics, and data quality
issues. When viewing results, it is important to keep in mind that insights
come from running a variety of scenarios, comparing the results, and
asking “what-if” questions.

Scenario Descriptions

Section 3 summarizes reference case assumptions, results, and CPP
compliance. Section 4 investigates CPP compliance for Kansas under so-
called “island” conditions (i.e., where compliance is achieved using only
in-state resources).5 Section 5 looks at the potential role of trading
emissions allowances in mass compliance settings or emission rate credits
(ERCs) in rate settings, which are exported or imported from other states
to reduce compliance costs. The sensitivity of these results to a number of
key assumptions is discussed in Section 6, including:

5 Model implementation of the CPP in subsequent sensitivities does not assume allowance
banking or represent details of the optional Clean Energy Incentive Program.
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Alternate natural gas price paths
Alternate costs of new wind capacity (both higher and lower costs)

Transmission additions between Kansas and Indiana (Grain Belt
Express)

Possible post-2030 U.S. CO. cap
Lower coal lifetimes of 70 years

Negative load growth
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Section 3: Reference Scenario

This section focuses on model results for the reference scenario, which
assesses how electricity generation in Kansas might evolve between 2015
and 2050 without the Clean Power Plan. The analysis strategy is to
compare CPP compliance results in subsequent sections to an appropriate
reference to understand the tradeoffs between Kansas’ CPP planning
options. As discussed in Section 2, the reference scenario is intended to be
realistic but is not a forecast of the future. Given this framing, insights are
driven by relative changes across scenarios.

Assumptions for the Reference Scenario

Reference scenario results come from running US-REGEN for all of the
Lower 48 states in the contiguous United States. The model is calibrated
to each state’s 2015 generation mix and simultaneously solves the cost-
minimizing capacity, dispatch, and transmission expansion problems
through 2050.

Key assumptions in the reference scenario include:

¢ Fuel prices and load growth come from the Energy Information
Administration’s 2015 Annual Energy Outlook (AEO)

o Load growth includes existing (i.e., legacy) energy efficiency
programs, which assumes that states continue their current
programs at average 2010—2014 rates and that this efficiency
qualifies for ERC credit when a state selects a rate-based CPP
compliance pathway®

o Reference fuel price paths over time come from the EIA’s AEO
2015 high estimated ultimate recovery (i.e., low price) case”

s The fleet database for all states was most recently updated in
December 2015 through the ABB Velocity Suite, which includes all

6 Legacy EE data come from Form EIA-861. Although these resources may be substantial
for some states, these legacy programs do not play a role in Kansas.

7 See Section 6 for results with higher natural gas prices. Appendix A (Figure A-4)
discusses how these assumptions compare with the recently released price trajectories
from EIA’s AEO 2016,
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Without the Clean Power
Plan or additional policies,
new natural gas and wind
capacily are on the build
margin in many states.

announced retirements (though more recently announced nuclear
retirements were also added)

¢ Committed (i.e., announced) wind projects in Kansas through 2018
are included per SNL Energy data

¢ 20% renewable portfolio standard in Kansas

e Energy efficiency (EE) program costs are assumed to be $55/MWh,
which reflects the low estimate used by the U.S. EPA in their Clean
Power Plan economic analysis

¢ No forced retirements for existing coal units, though retirements for
economic reasons are possible; nuclear has 60-80 year lifetimes

¢ Technology costs come from the EPRI Generation Options report®
with recently updated solar and wind costs

» Existing policies include state renewable portfolio standards (RPSs),
the Regional Greenhouse Gas Initiative (RGGI), California’s AB 32,
and recent (2015) federal extensions of the Production Tax Credit
(PTC) and Investment Tax Credit (ITC)

e CAA § 111(b) CO. performance standards for fossil units are included
for new units

e The model captures transmission investments and power flows
between states but does not represent transmission or distribution
directly within state boundaries

Figure 3-1 shows electricity generation by technology across the U.S. in
the reference scenario. In the analysis, the PTC for wind accelerates
deployment rather than incenting incremental capacity additions in many
states.? Retirements of existing capacity and rising demand are met
primarily by new natural gas combined eycle (NGCC) units, which are on
the margin in many states under the reference case assumptions for gas
prices and technological costs.

8 Electric Power Research Institute. “Program on'Technology Innovation: Integrated
Generation Technology Options 2012.” Technical Update 1026656.

9 The reference scenario assumes net metering in California only, which leads to more
rooftop solar deployment compared with other states.
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Figure 3-1

Electricity generation (terawatt-hours) for the Lower 48 U.S. states under the

reference (i.e., no Clean Power Plan) scenario (2015-2050)

Generation, Capacity, and Emissions Results for Kansas without the
Clean Power Plan

Figure 3-2 presents results for Kansas’ electricity generation by
technology in the reference scenario. Note that 2015 generation is
calibrated to historical values using observed natural gas prices (with
prices returning to AEO 2015 paths in subsequent projection periods).
Existing coal units (dark blue) are Kansas’ largest generation resource in
2015, a trend that continues in future years when the CPP is not in place.
However, by 2050, fuel diversity increases in Kansas as new NGCC units
come online and new solar capacity is added to comply with the 20%
renewable mandate. Existing coal units are a low marginal cost resource
for dispatch, especially given low coal costs in the state. Wind and NGCC
units are the next largest resources by 2050. Low gas prices lead to new
NGCC units on the build margin to meet growing demand. Kansas’
existing nuclear generates just under 10 TWh annually and remains flat
throughout the time horizon.
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Without the Clean Power
Plan, Kansas’ flest mix is
dominated by existing coal,
wind, and some new
NGCC after 2030,
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Figure 3-2
Electricity generation (terawatt-hours) in Kansas by technology under the
reference (i.e., no Clean Power Plan) scenario (2015-2050)

In years where total generation exceeds the black line (i.e., representing
total load for Kansas), power is being exported from Kansas to
neighboring states.

Figure 3-3 shows that the reference scenario involves few new capacity
investments in Kansas before 2030 apart from early period wind
investments. Near-term market conditions are not conducive to deploying
capital in new generation in light of the stock of existing capacity with low
dispatch costs, slow demand growth, and substantial regulatory
uncertainty. New NGCC capacity comes online after 2030, as older wind
capacity retires. The lowest-cost capacity additions for Kansas are NGCC
units in the reference case.* Later sections will illustrate how the CPP will
guide choice of replacement capacity and possible early retirements.

1o Kansas’ existing gas turbine capacity is significant in Figure 3-3, but the low capacity
factors of these units is indicated by the low generation in Pigure 3-2.
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Figure 3-3
Electricity capacity (gigawatts) in Kansas by technology under the reference (i.e.,
no Clean Power Plan) scenario (2015-2050)

Reference Scenario Compliance with Clean Power Plan Targets

The choice of reference scenario assumptions may impact a state
preference for mass or rate CPP pathways based on a range of metrics.
Two metrics to compare model reference cases are:

1. The difference between CO, emissions (in short tons) from
covered units in the reference case and CPP state mass targets

2. The difference between ERCs (in TWh) demanded by covered
fossil units and the potential ERC supply from new renewables
and EE, nuclear uprates, and gas-shift ERCs

These comparisons indicate how close Kansas comes to meeting CPP

mass and rate targets in the reference case. Such metrics indicate the
extent and timing of additional efforts required to comply with the CPP.
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The business-as-usual
generation mix in Kansas is
out of compliance with the
Clean Power Plan mass
and rate targets.
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Figure 3-4

Comparison of CO; emissions from affected units in Kansas under reference
generation and EPA’s CPP existing (i.e., existing units only) and full mass targets
(i.e., with the new source complement)

Figure 3-4 shows CO. emissions from Kansas’ affected units under the
reference scenario. CPP mass caps for Kansas are superimposed to show
both the “existing” (i.e., existing units only) and “full” (i.e., existing units
with the new source complement) pathways. Even though emissions are
close to the initial target, 2030 emissions are approximately 7.2 million
short tons above the caps. This mass-based compliance “gap” increases
over time with greater coal generation and more new NGCC coming
online as the cap becomes more stringent, The existing-mass cap is likely
to be binding in later periods, which means that changes to the fleet or
allowance purchases are required to come into compliance.

A central question in future sections is whether Kansas can eliminate this
shortfall at lower cost (accounting for other considerations) by reducing
output from existing units and making other changes to the in-state fleet,
or by purchasing allowances on the market and relying more on its
existing EGUs.

In terms of subcategory-rate CPP pathway compliance, Figure 3-5 shows
the demand and supply of emission rate credits (ERCs). ERC demand
represents that (predominantly) coal units would be required to surrender
if they were to run at reference levels suggested in Figure 3-2 under a
subcategory-rate target. Supply represents ERCs generated if Kansas
chose a rate-based pathway with only reference case actions from Figure
3-2. The fraction of wind from installed capacity after 2012 generates
ERCs. Given the ratcheting rate target and coal generation, demand for
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ERCs grows over time. The rate targets are non-binding in 2024 and 2027
owing to the ERC-eligible wind capacity installations early on. Demand
exceeds supply for later compliance periods, and becomes larger in time
as rate targets for Kansas become more stringent.
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Figure 3-5

Demand and supply of emission rate credits in Kansas under reference case
generation under CPP subcategory (unit) rate targets

Overall, from a business-as-usual perspective (i.e., without the CPP),
Kansas likely requires additional action to adhere to the CPP guidelines.
New wind will help the state to meet goals, but planned additions would
not by themselves be sufficient, especially given coal output levels in
Kansas under reference conditions.

Figures 3-4 and 3-5 illustrate how expectation for the future of the coal
fleet and new ERC sources (e.g., wind, solar, and EE) are key parameters
governing how close Kansas is to CPP compliance. These comparisons
identify important areas for sensitivity analysis, as discussed in Section 6.

To meet the CPP targets, Kansas must perform a combination of the
following alternatives:

e Reduce coal output, by reducing capacity factors or retiring units

» Find additional sources of electricity: New NGCC, new renewables,
new EE, or import more power from other states
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¢ Utilize CPP market opportunities like purchasing CO, emissions
allowances (if Kansas pursues a mass-based pathway) or ERCs (if
a rate-based pathway is chosen)
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Section 4: Clean Power Plan Compliance
without Trading (“Island” Scenarios)

...

For Kansas and many
other states, the mass-
based CPP pathway relies
more heavily on new
NGCC investments and
rate-based on wind.

This section discusses CPP “island” compliance for Kansas, where the
state uses in-state compliance and mitigation alone with no trading of
ERCs (if a rate path is chosen) or CO, allowances (if Kansas selects a mass
path). Although Kansas still trades electricity with adjacent states, inter-
state power flows are locked at their reference levels to more fully isolate
compliance mechanisms.

Although this restriction on multi-state market participation is unrealistic
for many states, these scenarios can be insightful for decision-makers,
modelers, and policy-makers for three reasons. First, this boundary
scenario assesses resources and measures Kansas can take individually to
comply with the CPP without relying on allowance or credit trading. These
“island” scenarios provide a testbed for evaluating least-cost, in-state
resources. Second, “island” scenarios elucidate Kansas’ possible fallback
options should it decide not to engage in trading, which are complements
to the trading scenarios in Section 5. Finally, “island” scenarios provide
starting points for assessing the value of trade and sensitivities to
technological and regulatory uncertainties.

These scenarios restrict Kansas to select the same compliance pathway as
all other 47 contiguous states. Section 5 relaxes this assumption by
investigating trade with pathway “mixes” where different states select
different pathways. This section begins by analyzing the mass-based
implementation approach and then explores the rate path.

Results of Existing-Mass and Subcategory-Rate Clean Power Plan
Scenarios without Trade

For the existing-mass “island” compliance pathway (Figure 4-1),
compliance in Kansas is achieved primarily by lowering coal generation
and increasing new NGCC generation. New incremental wind builds come
online after 2030 as old turbines age out and the output-based set-aside
(OBS) incents more renewable generation; however, low gas prices
increase the opportunity costs of developing more wind. By 2030, 1.3 GW
of new NGCC is built (compared with no additions in the reference) and
3.1 GW new wind (3.1 in the reference). 840 MW coal capacity retires
between 2015 and 2030 in Kansas under the existing-mass island
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compliance pathway. Annual coal generation decreases in 2030 from 28.2
TWh in the reference case to 19.2 TWh.
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Figure 4-1
Electricity generation by technology in Kansas under reference (i.e., no CPP) and
existing-mass island compliance scenarios

Figure 4-2 compares allowance prices under the existing-mass island
scenario (top) and ERC prices under the subcategory-rate island scenario
(bottom). For both island scenarios, Kansas’ marginal compliance costs
are far from the highest (some states are high in one metric but small in
another) and lowest (the CPP constraints are not binding in some states
in 2030). These prices reflect the stringency of the targets and cost of
Kansas’ compliance options relative to other states.
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Coal generation in Kansas
decreases under mass-
and rate-based CPP
compliance, especially
when frade is restricted.
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Maps of 2030 state allowance and ERC prices under existing-mass island
compliance (top) and subcategory-rate island compliance (bottom)

For the subecategory-rate island compliance pathway (Figure 4-3), Kansas’
cost-minimizing compliance strategy would rely heavily on new wind
builds. Compared with the mass-based compliance pathway, the rate path
entails more new wind capacity and less NGCC. These low-carbon
resources keep more coal generation in the portfolio in 2030, as no coal
capacity retires in this scenario and generation is only slightly lower than
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2015 values (24.3 TWh annually in 2030 compared to 28.2 TWh in the
reference). New NGCC capacity and generation are lower for the rate
pathway than the reference scenario or the mass-based approach.
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Figure 4-3
Electricity generation by technology in Kansas under reference (i.e., no CPP) and
subcategory-rate-island compliance scenarios

Table 4-1 shows how ERCs surrendered exactly equal those created in-
state under island rate compliance. ERC demand is primarily from steam
units, and zero-carbon ERCs come from wind. As shown in Figure 3-5, the
3.1 GW of new wind built in the reference suggest that Kansas likely will
not have to undertake additional measures to comply with the CPP rate-
based targets. This is reflected in the $0/MWh ERC price in 2024 and
2027 in Table 4-1.

Table 4-1
Emission rate credit (ERC) balance and ERC prices for Kansas under
subcategory-rate island compliance

ERC Demand ‘

(TWh) 14.1 14.1 17.1 18.8 19.6 18.9 19.5
ERC Supply (TWh) 141 14.1 17.1 18.8 19.6 18.9 19.5
ERC Price

($/MWh) 50 SO 512.6 $5.6 54.8 $5.3 54.3

< 44>




W

The rate CPP pathway
provides Kansas more time
to observe market
developments before
making capacity
deployment decisions.

Comparing investment decisions under rate and mass pathways also
indicates the timing of when commitments have to be made. Based on the
pace of investments, it may be useful to understand which plan potentially
gives states more time to observe the resolution of uncertainty about
policy choices elsewhere and compliance provisions before making
irreversible capital allocation decisions.

Given uncertainty about a range of factors (which are explored in the
sensitivity analyses in Section 6), the option to amend pathway selection
as more information becomes available (i.e., the flexibility for a state to
switch compliance pathways from mass to rate or vice versa) would help
to limit compliance costs.

Figure 4-4 illustrates how investments under mass compliance must start
earlier and requires greater capacity installations than the mass pathway
for Kansas. For the existing-mass pathway, incremental additions beyond
the reference scenario come online in 2024 and consist largely of NGCC
capacity. In contrast, island rate compliance for Kansas mostly consists of
new wind additions that begin around 2030.

Mass Existing (Kansas) Rate Subcategory (Kansas)

& Solar

& Wind

& Hydro / Geo
# Nuclear

% Gas Turbine
i NGCC

2021 2024 2027 2030

2021 2024 2027

Figure 4-4

Comparison of cumulative capacity additions and retirements (gigawatts) in
Kansas over time under existing-mass island compliance (left) and subcategory-
rate island compliance (right)

The earlier and more extensive investments under mass compliance
under “island” conditions make this pathway slightly costlier for Kansas.
The present value of investment through 2030 is $6.18 billion under
existing-mass and $6.15 billion under subcategory-rate. Ultimately, the
accelerated wind investment helps with rate compliance. Investments that
are already being made for planned projected align with rate-based
compliance and give additional lead time before incremental CPP-related
investments have to be made toward 2030.
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Time-series data for emission rate credit and allowance prices over time
are presented in Section 5, which compares island results with their
values under different trade assumptions.

In summary, an “island” compliance environment where Kansas must rely
only on in-state resources without market participation suggests that the
subcategory-rate path provides more lead time than its mass-based
counterpart to observe market developments before committing to a non-
market path to compliance. Investment costs and total compliance costs
are higher for the mass pathway, as discussed in Sections 5 and 6.
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Section 5: Clean Power Plan Compliance
with Inter-State Trading

M—u—-

Trade of CO» allowances or
emission rate credits may
lower compliance costs but
come at the expense of
increased relignce on
uncertain markets.

The “island” compliance results in the previous section assumed Kansas
relied on in-state compliance measures alone and did not participate in
multi-state emissions trading markets. Emissions trading—through
allowances when Kansas selects a mass pathway and ERCs under rate—
creates opportunities to lower overall compliance costs.

National or regional markets are potential “backstop” options and
strategic cost-containment mechanisms for CPP compliance. However,
their size and depth are subject to significant uncertainty, and the use of
these options creates tradeoffs between potentially lower costs (or lower
price volatility) and reliance on markets. Therefore, increased allowance
trading raises questions about recourse options if market are slow to
develop, if liquidity problems arise, and if exposure to other regulatory
shocks increases.

This section explores these questions and has three specific objectives:

1. To investigate the compliance balance between in-state
investments and markets for allowances/ERCs

2. To understand how different “mixes” of compliance pathway
selections in other states influence market outcomes for Kansas

3. To demonstrate opportunities to reduce cost through trade

Description of Scenarios and Trading Mixes

This section presents results for state plans that allow inter-state trading
of ERCs or allowances in the case of rate-based or mass-based compliance
pathways, respectively. Like the island scenarios, in-depth analyses are
performed for the subcategory rate (denoted “RU”) and the existing mass
(denoted “MX”) pathways.

Trading scenarios were developed using two “mixes” of alternative market
outcomes to represent uncertainty about the selection of compliance
pathways by individual states. These mixes are labeled “Mix1” and “Mix
2HP” for this analysis.
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i
Trading "mixes” represent
potential developments of
emission frading markets
with alternate pathway
selections for states.

All mixes assume California and the Regional Greenhouse Gas Initiative
(RGGI) states choose the full-mass pathway (i.e., with the new source
complement), that California does not trade with other states, and that
the RGGI states trade only within RGGI. All mixes assume that states with
pending new nuclear units (i.e., Georgia, South Carolina, and Tennessee)
choose the subcategory-rate pathway.

The mixes differ in how the rest of the states choose between the
subcategory-rate and existing-mass pathways. Figure 5-1 shows maps
documenting these selections.

e Mix 1: The first mix uses the above assumptions about full-mass
states (California and RGGI) and subcategory-rate (states with
new nuclear). All other states adopt existing-mass pathways. This
scenario represents minimal adoption of rate programs among
states and places a lower bound on participation.

e Mix 2 High Plains (HP): The second mix takes Mix 1 and adds
seven other states to subcategory-rate trading: Colorado, Iowa,
Wisconsin, North Dakota, South Dakota, Nebraska, and
Oklahoma. These states were selected owing to previous EPRI
analysis indicating this pathway could be economically attractive
for these states under some states-of-the-world. This result is
driven by the comparative attractiveness of new wind in the
reference case due to state-specific resources and costs relative to
other alternatives.

Note that it is not immediately obvious whether adding additional states
to a rate-based trading market will increase or decrease market-clearing
ERC prices. The addition of ERC compliance obligations is accompanied
by new ERC supply resources, which are brought simultaneously into the
trading system. For instance, if states with low ERC demand and high
ERC supply join a rate markets, prices will fall (all else equal), whereas
prices will rise if states with high ERC demand and low ERC supply join.
These dynamics make it important to use modeling frameworks like US-
REGEN to understand the implications of alternate pathway selections.
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Figure 5-1
Maps of Clean Power Plan state compliance pathway assignments: Mix1 (top)
and Mix2HP (bottom)

Generation and Investment Results for Kansas with Trading

Figure 5-2 shows the market-clearing allowance and ERC prices for each
state under Mix2HP.¢

1t Associated market-clearing prices for each mix are discussed in the next section.
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Figure 5-2

Map of “Mix2HP” CPP state compliance pathway assignments and emissions
trading prices in 2030 calculated by EPRI's US-REGEN model (top) and net
exports in 2030 (bottom)

Comparing investments across the two patchwork trading mixes and
“island” compliance scenarios suggests how robust near-term decisions
may be under a range of potential futures. According to Figure 5-3,
investments through 2030 show variation across the assumed policy

2 The mumber superimposed on each state is the emission trading price calculated by US-
REGEN. For mass-based states, this is an emission-allowance price, denominated in
$/short ton CO.. For rate-based states, this is an ERC price, denominated in $/megawatt-
hour of zero-emission generation (or avoided generation in the case of energy efficiency).
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R
Kansas’ compliance
without trade generally
entails greater in-state
capacily investments than
scenarios with market
participation,

[
Karisas' compliance with
frading involves the
combined use of in-state
measures and market
purchases of credits.

compliance selection and trading environment. Island compliance
generally entails the most significant in-state capacity investments, but
not in all cases. Note how the reference case capacity additions include
almost 3 GW new wind, and the NGCC additions come through the
Riverton Unit 12 conversion to combined cycle.

The additional investments under island scenarios suggests that
potentially strandable investments can result from pursuing an
exclusively in-state compliance strategy. Excessive investments under any
scenario could later prove unnecessary if market opportunities emerge
and could prove costly. These dynamics have important implications for
the option value and timing of new investments and may be an incentive
to avoid irreversible capital outlays in the presence of uncertainty about
the future. The economic implications of these scenarios are discussed
later.

Cumulative Capacity Additions in 2030 {Kansas)

&
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4
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Istand Mixl Mix2HP
x NGCC ® Wind
Figure 5-3

Comparison of cumulative capacity investments (gigawatts) in Kansas through
2030 under existing-mass and subcategory-rate compliance under different
trading environments (reference shown on left)

Figure 5-4 shows 2030 generation in Kansas across these scenarios and
pathways. Many existing units in Kansas remain competitive throughout
the model's time horizon.’s The CPP amplifies pre-existing trends in the

13 Note that US-REGEN does not include all costs incurred by coal units as they age (e.g.,
unit commitment constraints are not included in this version of the model). Including
such costs could influence retirement and dispatch decisions.
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power sector like coal-to-gas fuel switching and wind deployment.
However, state decisions about CPP compliance paths and degree of
market participation provide opportunities to influence the generation
portfolio trajectory moving forward. Scenarios with inter-state allowance
trading typically involve greater reliance on importing electricity,
especially when Kansas adopts a mass pathway. Coal output is highest
when Kansas selects rate-based pathways.

0
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Figure 5-4

2030 electricity generation (terawdtt-hours) in Kansas by technology under
different trading environments and pathway selections

Figure 5-5 shows the installed capacities of Kansas’ coal assets over time.
For the reference scenario (black line in Figure 5-5), total coal capacity
remains constant over time, as the low operating costs of these units make
them economically competitive. The lines for mass- and rate-based CPP
compliance for all trading scenarios overlap with the reference values,
indicating that coal capacity for these classes does not change when the
CPP is in place. This is also true of the scenarios where Kansas selects a
rate-based pathway. Retirements only occur in mass-based island
compliance scenarios. In these two scenarios, retirements occur primarily
for the least efficient units and after 2030.
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Figure 5-5

Coal capacity (gigawalls) in Kansas by CPP compliance scenarios
Assessing of Economic Outcomes with and without Trading

Comparing market-clearing permit prices over time offers one metric for
evaluating CPP-related economic impacts. These marginal values reflect
the stringency of the targets and, specifically, the cost of Kansas’
compliance options relative to other states.” Figure 5-6 shows allowance
prices for mass-based paths (top) and ERC prices for rate-based (bottom).
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14 Note that ERC and CO, priees are useful metrics for comparisons in individual models,
as higher price indicates more expensive mitigation options. However, price comparisons
are invalid between models, since prices depend on a host of model-specific assumptions
(e:g., reference, trading, capacity, and state resource assumptions).
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Figure 5-6

Kansas allowance prices ($ per short ton, top) and ERC prices ($ per MWh,
bottom) over time for different trade assumptions

Prices under island compliance are typically higher than scenarios where
multi-state trade is possible. Market participation lowers costs for Kansas
but especially in early years of mass-based compliance owing to the
difficulty of meeting early targets.

Market prices for most states tend to differ more under rate compliance
than under mass compliance, reflecting less liquidity in the wider market
for ERCs. The lower volatility in ERC prices is caused largely by the
marginal mitigation option for compliance under rate- versus mass-based
pathways. For existing-mass, the marginal compliance option is largely
reducing coal generation and increasing generation from new NGCC
units. Although the price differential between coal and gas causes some
state-specific variation, these costs are largely the same between different
regions. For rate, the marginal compliance option varies across mixes,
and the cost of developing new wind, quality of existing resources, and
total wind deployment exhibit significant regional heterogeneity, which is
exacerbated by decreasing returns to scale. These dynamics underscore
the importance of modeling interactions between states in national
markets to capture trading possibilities using a model like US-REGEN
that captures simultaneous optimizing behavior by all states subject to
meeting CPP goals.

Note how the ERC prices are highest under Mix2HP trading due to higher
ERC demand under this trading mix. These higher values lead to greater
investment in wind capacity in Kansas relative to the other trading
pathways (Figure 5-3).

Figure 5-7 shows trade volumes for Kansas across these scenarios. Note
how the (cost-minimizing) net trade position for Kansas is different for
mass and rate compliance. When Kansas adopts a mass-based plan, the
state is a net importer of allowances, especially after 2030. However,
under a rate-based plan, Kansas is an exporter of ERCs for many periods.
The higher ERC prices in Mix2HP trading lead to higher in-state wind
investment and higher exports.
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Figure 5-7

Kansas allowance (million short tons, top) and ERC (TWh, bottom) trade volume
in net export terms over time for different trade assumptions

On a present value basis,'s compliance costs for the subcategory-rate
pathway are lower than the existing-mass pathway for island compliance
but higher for the trading scenarios, as shown in Table 5-1. Recall that the
definition of cost includes:

All capital and operating costs

Cost of new transmission (evenly apportioned between states on the
line) plus maintenance

Regulatory costs (e.g., alternative compliance payments for RPS, ete.)

Cost of imported electricity, priced at the marginal wholesale price of
the exporting state (minus the cost of exported electricity)

Net payments for Clean Power Plan credits/allowances

Table 5-1
Comparative incremental CPP policy costs to Kansas ($ billion) in present value
terms (2015-2050) and as a percentage of the reference costs

15 The US-REGEN model works in present value terms, discounted back to 2015ata
discount rate of five percent.
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T ——
Kansas' participation.in
inter-state trading lowers
Clean Power Plan costs
considerably regardiess of
whether a mass- or rate-
based pathway is chosen.

Island 0.32 079 1%l So%
Mix1 Trading 0.11  -0.06 0.5% -0.3%
Mix2HP Trading = 019 -013  08%  -0.5%

Examining the net present value of compliance costs is a useful
complement to the marginal value comparisons in Figure 5-6. These CPP
costs represent the sum of discounted incremental electric-sector costs
over time above those incurred in the reference (i.e., no CPP) scenario.

Some mass-based paths entail net negative compliance costs for Kansas.
These cases typically involve a greater reliance on electricity imports than
the reference scenario and take advantage of opportunities to bring in
power from neighboring states during periods with lower marginal
wholesale prices. This lowers investment and O&M costs under the mass-
based policy scenario, despite higher costs for importing allowances.

Another important takeaway is that encouraging trading lowers costs for
Kansas considerably compared with the “island” scenarios where trade is
more limited. This result holds for both rate and mass pathways, but the
magnitude of the cost reduction from trade depends on pathway
selections in other states.

Summary of Trading Scenarios for Kansas

Model results in this section indicate that encouraging trade lowers
compliance costs for Kansas compared with “island” scenarios. The
magnitude of this cost reduction from access to national markets and
impact on in-state capacity investments depend on state pathway
selections elsewhere. Despite its potential role in cost containment,
market participation involves a tradeoff with increased uncertainty about
the pace of market development, liquidity, volatility, and exposure to
forces external to the state of Kansas.

Scenarios with trade underscore how pursuing in-state compliance
strategies can increase the risk of stranded assets. As illustrated in Figure
5-3, CPP “island” scenarios entail greater capacity investments than the
reference case or trade scenarios. If these in-state assets are built in early
compliance periods and low-cost trading opportunities later become
available, the opportunity cost of the unneeded units could be high.

Although this analysis offers insights for state-level CPP decision-making,
model approximations and incomplete system dynamics suggest that it
should not be construed as a definitive determination of CPP planning for
Kansas. Each state’s preferred portfolio of compliance measures (e.g., in-
state actions and market participation) will be informed by a range of
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factors, including in-state compliance costs, risk tolerance, local
incentives, and assumptions about market liquidity and participation.
Actual deployment may depend on additional factors (e.g., policy,
permitting, and uncertainty) that fall outside of the scope of this economic
modeling and analysis.
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Section 6: Sensitivity Analyses

A series of sensitivity analyses was undertaken to explore how key
uncertainties affect the relative costs of Clean Power Plan compliance
under the rate versus mass pathways. In addition to the sensitivities of
CPP path choices in the previous section, six key uncertainties were
examined, including:

»

Alternate natural gas price paths

Alternate costs of new wind capacity (both higher and lower costs)
Transmission additions between Kansas and Indiana

Possible post-2030 U.S. CO, cap

Lower coal lifetimes of 70 years

Negative load growth

Some sensitivities were varied jointly (e.g., natural gas prices and wind
costs) to capture possible interactions between these assumptions. Table
6-1 summarizes the scenarios resulting from examining these
uncertainties with different combinations of mass and rate CPP
compliance (and alternate trading assumptions).
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Table 6-1
Master scenario list

Set Background Assumptions CPP Pathway
ROLC Policy GasPrice Wind Cost. Transm.  US.CO,Cap Cosl Life Load RU MX What we learn
1 Island Low Ref Ref None Ref Ref - »  Istate comparative advantage
2 Mix1 Low Ref Ref None Ref Ref Rate/mass comparisonin alt. realistic setiing
Mix2HP Low Ref Ref None Ref Ref
3 island High Ref Ref None Ref Ref ‘ ‘\3  {How alternate gas price paths affect
Mix1 High Ref Ref None Ref Ref 9 10 leomparative pathway choices
Mix2HP - High Ref None Ref Ref o ‘
Mix1 High Ref None Ref Ref
Mix2ZHP High Ref None Ref Ref
Mix1 High Ref None Ref Ref
Mix2HP Hig Ref None Ref Ref
4 Mixl None Ref Ref
Mix2HP None Ref Ref
Mixi Low Ref SN None Ref Ref
NixZHP Low Ref . Norie Ref Ref
Mixl High Ref None Ref Ref
Mix2HP High Ref None Ref Ref 2 - . . -
Mix1 low Ref Ref  B0%by2050  Ref Ref 33 34 limpactofa post-20301.5. CO; emissions cap
MixZHP Low Ref Ref  80%by 2050  Ref Ref - ; {80% by 2050) on pathway choices
Mix1 High Ref Ref  80%by 2050 Ref Ref
Mix2HP High Ref Ref 80% by 2050 Ref
Mix1 Low Ref Ref None 70 Ref 4 tmpact of 70:year coal lifetime
Mix2HP Low Ref Ref None 70 Ref | 43 .
Mix1 Low Ref Ref None Ref ~1% 46 Himpact of negative load growth
Mix2ZHP Low Ref Ref None Ref -1% 7

Notes: ROC =rest of country

istand = all states complyin isolation; no incremental power flows
RU = Subcategory {Unit) Rate

MX = Existing Mass (but with output-hased set-asides)

Low/High Wind Cost=-/+20% in wind costs

Sensitivity Analysis Descriptions and Results

Natural Gas Prices

Natural gas price uncertainty is represented through the “high price path”
shown in Figure 6-1. This path is set to match the U.S. Department of
Energy’s 2015 Annual Energy Outlook Reference path. Note that the “low
price path” shown in Figure 6-1 was used as the reference price in earlier
sections of this study. This path matches the AEO 2015 high estimated
ultimate recovery (HEUR) path but is still higher than NYMEX Henry

Hub prices.’

% Figure A-4 in Appendix A compares these price trajectories with the updated 2016
Annual Energy Qutlook natural gas price scenarios.
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High natural gas prices
lead to much higher wind
development in Kansas,
even in the reference case.
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Figure 6-1

Natural gas price paths over time (§ per MMBtu, real terms) for the low and high
gas price scenarios

The assumed trajectory of gas prices has important implications on the
capacity and generation mix for Kansas. Figure 6-2 compares Kansas’
generation under the reference case with low and high gas prices. The
high natural gas price path encourages more new wind in Kansas even
without the CPP. Exports also increase early in the time horizon as in-
state coal units increase output. After 2030, higher gas prices prevent new
NGCC deployment, and Kansas’ high-capacity-factor and low-cost wind
resources lead to significant investments in new wind generation (12.7
GW by 2050). Exports from Kansas to neighboring states with higher
wind costs also increase under high gas prices (32.8 TWh in 2050 versus
11.4 with low gas prices).

Note how the high-gas-price scenario is one of many potential drivers of
high wind development. Many insights about CPP pathways under these
scenarios are also applicable to other environments with significant wind
buildouts in Kansas.
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Figure 6-2
Electricity generation (terawatt-hours) by technology in Kansas under reference
(i.e., no CPP) scenarios with low gas prices (left) and high gas prices (right)

The new wind in the reference scenario means that Kansas is likely in
compliance with CPP rate targets beginning in 2035. However, some
fraction of this extensive capacity additions would have to be accelerated
to reach rate goals in 2030, which accounts for the additional investments
in Figure 6-3. When Kansas participates in ERC and allowance markets,
pathway decisions in other states have a larger impact on Kansas capacity
additions when gas prices are higher. Due to the state’s export potential,
some trading scenarios (e.g., those with higher installed wind) entail
greater capacity investment than the island compliance scenario.
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Figure 6-3

Curnulative capacity investments (gigawatts) in Kansas through 2030 under
mass and rate compliance under different trading environments (assuming high
natural gas prices)

Higher gas prices and wind capacity deployment also impact Kansas’
trading incentives in allowance and ERC markets when it chooses a mass
or rate path, respectively. When Kansas chooses mass, its net allowance
trade position narrows, as shown in Figure 6-4. The wind generation not
only leads to greater electricity exports, but it also creates more
allowances that Kansas uses in-state instead of relying as much on
allowance imports (as it does with lower gas prices in Figure 5-7). When
Kansas selects the rate pathway, it becomes a significant ERC exporter
after 2030.
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Figure 6-4
Kansas allowance {million short tons, top) and ERC (TWh, bottom) trade volume
in net export terms over time for different trade and gas price assumptions

Table 6-2 demonstrates how these alternate gas price scenarios influence
CPP compliance costs for Kansas. The economics of wind are more
attractive in the reference case, which means that the subcategory-rate
pathway minimizes cost for some scenarios with high gas prices.

Table 6-2
Comparative incremental CPP policy costs to Kansas ($ billion) in present value
terms (2015-2080) and as a percentage of the reference costs

Set Background Assumptions Policy Cost{$B) % Reference
ROC Policy Gas Price Wind Cost Transm, U.5.00,Cap Ceal Life Load RU MX RU MX
1 Island Low Ref Ref None Ref Ref | 0
2 Mix1 Low Ref Ref None Ref Ref
Mix2HP Low Ref Ref None Ref Ref
3 Istand Ref Ref None Ref Ref

Mix1 Ref Ref None Ref Ref

Mix2HP \ Ref Ref None Ref Ref

Mix1 Ref None Ref Ref

Mix2HP Ref None Ref Ref

Mixl Ref None Ref Ref

Mix2HP Ref None Ref Ref
Costs of Wind

In this sensitivity, the cost of wind energy is discounted by 20 percent so
that the installed cost of new capacity is $1,200/kW.7

Figure 6-5 shows how these lower wind costs impact lead to slightly
higher wind generation, especially after 2030. Table 6-3 indicates that,
although lower wind costs bring some new capacity online, natural gas
price assumptions have a larger impact on investments and CPP
compliance costs.

17.8olar cost decreases of 20% did not change the results and were not included.
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Figure 6-5
Electricity generation (terawatt-hiours) by techniology in Kansas under reference
(i.e., no CPP) scenarios with reference wind costs (left) and low costs (right)

Transmission Additions to Indiana (Grain Belt Express)

This sensitivity explores a scenario where transmission capacity can be
added between Kansas and Indiana in addition to its four adjacent
neighboring states.

When transmission capacity can be added between these states,
additional wind capacity is constructed in Kansas under the CPP
compliance scenarios. Figure 6-6 shows how cumulative additions
through 2030 are influenced by different gas prices, pathway choices in
Kansas, and transmission expansion. Price differentials between regions
creates a lucrative electricity export market for Kansas, especially when
Kansas chooses a rate pathway (and wind can generate excess ERCs to sell
on the market) and natural gas prices are higher (and other states find it
cheaper to meet load by importing electricity from Kansas rather than
building new in-state capacity).
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Figure 6-6

Cumulative capacity investments (gigawatts) in Kansas through 2030 under
mass and rate CPP compliance with Mix2HP trading under different gas prices
and fransmission sensitivities (reference transmission assumptions and a
sensitivity where Kansas-Indiana transmission can be added)

Post-2030 U.S. CO; Cap

This sensitivity considers a case where a post-2030 policy imposes a
power sector only CO. cap of 80% below 2005 levels by 2050 (beginning
with a 50% cap in 2035 and decreasing linearly to the 2050 target).

Figure 6-7 shows that a majority of new capacity additions occur after
2030. The anticipation of a certain and stringent cap after 2030 does not
considerably alter investments before 2030. Under low gas prices, fewer
than 5 GW new wind capacity is built regardless of whether a stringent
post-2030 cap on CO. emissions is anticipated. This result suggests that,
for Kansas, the CPP does not force appreciable deviations from what
would be useful later.
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Figure 6-7

Cumulative capacily installations in Kansas through 2030 (left) and 2050 (right)
under rate and mass CPP compliance without (“CPP’) and with a post-2030 CO,
cap (“80%"), assuming low natural gas prices

Due to Kansas” high-quality wind resources, stringent national CO,
targets involve significant wind build-outs in the state by 2050 and
electricity exports to neighboring regions. Figure 6-8 demonstrates how
Kansas’ 2050 generation could be very different under alternate
assumptions about post-2030 policies. The reference scenario generation
is relatively similar to the CPP scenarios in 2050, as the latter has slightly
higher wind and NGCC generation. In contrast, generation in Kansas
under a nationwide 80% cap is largely comprised of wind and existing
nuclear. Total generation under the 80% with low gas prices is
approximately 100 TWh by 2050, which is twice as high as in-state
demand. When high gas prices are assumed, wind generation in Kansas is
even higher, and total in-state generation is three to four times in-state
demand by 2050 (Figure 6-8).
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Figure 6-8
2050 electricity generation (terawatt-hours) in Kansas by technology under
different pathway selections, gas prices, and post-2030 policies
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This sensitivity assumes that all coal assets in Kansas retire after 70 years
instead of endogenously retiring units based on their economic

competitiveness. As shown in Figure 6-9, coal retirements lead to lower

generation after 2040 and greater deployment of NGCC capacity through
2050. This transition leads to slightly lower incremental CPP compliance
costs for both rate and mass pathways in Kansas.
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Figure 6-9

Electricity generation (terawatt-hours) by technology in Kansas under reference
(i.e., no CPP) scenarios with endogenous coal lifetimes (left) and exogenous 70-
year coal lifetimes (right)

Load Growth

Load growth in US-REGEN averages 0.54% through 2050, which is based
on 2015 Annual Energy Outlook values. This sensitivity scenario assumes
negative growth across the time horizon.

Figure 6-10 shows how reference generation under negative load growth
erodes incentives to build new in-state capacity, especially new NGCC
after 2030. However, incremental CPP compliance costs are roughly the
same for the rate and mass pathways as for the higher load growth
reference scenario (see Table 6-3 in the following subsection).
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Figure 6-10
Electricity generation (terawatt-hiours) by technology in Kansas under reference
(i.e., no CPP) scenarios with AEQ load growth (left) and negative growth (right)

Incremental Clean Power Plan Cost Comparisons across Scenarios

Given the previous conclusions, these sensitivities evaluate the robustness
of a mass- and rate-based plans for Kansas by comparing total CPP
compliance costs across all scenarios. Table 6-3 provides an overview of
the sensitivity results. The right-hand columns show the incremental
policy cost for the two pathways in absolute terms (in billion $, present
value through 2050) and as a percentage of the reference (i.e., no CPP)
cost. The column on the far right shows the cost-minimizing pathway.

Table 6-3
Comparative incremental CPP policy costs to Kansas ($ billion) in present value
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terms (2015-2050) and as a percentage of the reference costs under
subcategory-rate (RU) and existing-mass (MX) pathways

Set Background Assumptions Policy Cost (5B} % Reference
ROC Policy GasPrice Wind Cost  Transm. U5, C0O;Cap Coallife Load RU MX RU MX

1 Island Low Ref Ref None Ref Ref
2 Mix1 Low Ref Ref None Ref Ref
Mis2HP Low Ref Ref None Ref Ref

3 island Ref Ref None Ref Ref
Mix1 Ref Ref None Ref Ref
Mix2HP i Ref Ref None Ref Ref

Mix1 Ref None Ref Ref
Mix2HP Ref None Ref Ref

Mix1 Ref None Ref Ref

M 2HP Ref None Ref Ref

4 Mix1 None Ref Ref
Mix2HP Low None Ref Ref

Mix1 Low None Ref Ref
Mix2HP Low None Ref Ref

Mix1 High Ref None Ref Ref
Mix2Hp High Ref ~ None Ref Ref

Mix1 tow Ref 80% by 2050 Ref Ref
Mix2HP Low Ref 80% by 2050 Ref Ref

Mix1 High Ref Ref 80% by 2050 Ref Ref
Mix2HP High Ref Ref  BO%Why 2050  Ref Ref

Mix1 tow Ref Ref None 70 Ref
Mix2HP Low Ref Ref None 70 Ref

Mix1 Low Ref Ref None Ref -1%

Mix 2HP Low Ref Ref None Ref -1%

Table 6-3 indicates that existing-mass and subcategory-rate pathways can
minimize compliance costs for Kansas depending on the sensitivity.

Many mass-based sensitivities involve net negative compliance costs for
Kansas. These cases generally involve a greater reliance on electricity
imports than the reference (i.e., no CPP) scenario and take advantage of
opportunities to bring in power from neighboring states during hours
with lower marginal wholesale prices than the reference case. This lowers
investment and O&M costs under the mass-based policy scenario, despite
higher costs for importing allowances.

Figure 6-11 plots sensitivity results to illustrate relative costs of the mass-
or rate-based pathways. The dashed 45-degree isoquant line shows the
domain where the mass and rate pathways are of equal cost. Points falling
above this line indicate scenarios where the mass path is costlier, while
values falling below the line indicate that the rate path is costlier.

<6-13>»

RU
MX
MX
RU
RU
RU
RU
RU
RU
RU
MX
MX
RU
MX
RU
RU
MX
X
RU
RU
MX
MX
MX
MX




Existing Mass

incremental Compliance Costs for Kansas, Present Value 20152050 (billion §)

é $1.4 A v
2 Rate Pathway Lower Cost
1.2 1 A tsland -
51.0
A y
50.8 O Island “ 7
Reference
Wind Costs
$0~6 A A Transmission
Mass Pathway Lower Cost 80% US CO, Cap
P & 2
$0.4 o e L 7DVear conl
[::] Low Load
A A
$0'2& o 7 A High Gas Prices
L O LowGas Prices
50:0 ©
04 %02 .~ $00 © $8,2 $0.4  $06  $0.8  $10  $1.2  $14
s £ billion
-$0.2 o
-50.4
Subcategory Rate
Figure 6-11

Comparison of incremental compliance costs of the Clean Power Plan for
Kansas (billion $, present value through 2050) under existing-mass and
subcategory-rate compliance pathways under a range of scenarios

This figure demonstrates how scenarios where the mass path entails
higher compliance costs for Kansas can be significantly costlier. In the
limited scenarios where mass is lower cost, the cost advantage is small. In
contrast, the cost advantage of the rate pathway for Kansas is large under
many scenarios. Unlike other states, Kansas’ costs are influenced more
when it picks the mass pathway than the rate, which leads to more total
compliance cost variation associated with existing-mass.

When Kansas selects the mass path, costs range from -$0.2 to +$2.8
billion through 2050. Sensitivities that give rise to cheaper mass
compliance are ones with lower wind generation and net imports, which
leads to negative compliance costs.

Figure 6-11 indicates how trade can considerably lower compliance costs
for Kansas regardless of the selected pathway. Participating in permit
markets can potentially lower Kansas’ compliance costs by millions of
dollars (present value terms through 2050), though the magnitude
depends on Kansas’ selected pathway and compliance mixes elsewhere.
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Note that gas prices and wind costs are large drivers of outcomes, as
futures that incent high wind development in Kansas will make the rate
pathway comparably more attractive. However, if decision-makers are
reasonably confident that natural gas prices will not be high, then the
mass pathway likely minimizes cost for Kansas.

Table 6-4

Comparative incremental CPP policy costs to Kansas ($ billion) in present value
terms (2015-2030) and as a percentage of the reference costs under
subcategory-rate (RU) and existing-mass (MX) pathways

Set Background Assumptions Policy Cost {$B)
ROC Policy GasPrice Wind Cost Transm. US.C0O,Cap Coal Life

1 island Low Ref Ref None Ref
Mixd Low Ref Ref None Ref
Mix2HP Low Ref Ref None Ref

3 Island High Ref Ref None Ref
Mix1 High = Ref Ref None Ref
Mix2HP High Ref Ref None Ref

Mix1 High Ref None Ref
Mix2HP High Ref None Ref

Mix1 High Ref None Ref
Mix2ZHP High Ref None Ref

4 Mix1 Ref None Ref
Mix2Hp Low None Ref
Mix1 Low None Ref
Mix2HP Low Ref None Ref
Mix1 High Ref None Ref
Mix2HP High Ref  KSIN None Ref
Mix1 Low Ref 80% by 2050 Ref
Mix2ZHP Low Ref 80% by 2050 Ref
Mix1 High Ref 80% by 2050 Ref
Mix2HP High Ref 80% by 2050 Ref
Mix1 Low Ref Ref None 70
Mix2HP Low Ref Ref None 70
Mix1 Low Ref Ref None Ref
Mix2HP Low Ref Ref None Ref

Table 6-4 shows incremental compliance costs through 2030 (instead of
through 2050 like Table 6-3). The higher costs through 2030 for many
scenarios reflects the cost profile of capital investments over time. The
reference scenarios for Kansas often involve large expenditures after
2030, which mean that the incremental compliance costs of the CPP are
frequently higher in earlier periods.
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Section 7: Summary

B

Key Takeaway 1: Neither
the mass- nor rate-based
Clean Power Plan pathway
dominates for Kansas
across all scenarios.

The analysis by the Electric Power Research Institute investigates state-
level Clean Power Plan choices in Kansas. It focuses on existing-mass and
subcategory-rate CPP pathways with and without market participation
under a range of sensitivities.

EPRI’s US-REGEN model was used to compare CPP results to reference
scenarios (i.e., without the CPP) to understand tradeoffs between Kansas’
planning options. In addition to rate and mass pathways, the analysis
considers alternate trading scenarios to understand how reliance on in-
state measures versus participation in multi-state emissions trading
markets influence outcomes.

Kansas’ business-as-usual generation mix without the CPP would likely be
out of compliance with mass and rate targets for many periods and
scenarios (Figures 3-4 and 3-5), which means the state would have to take
additional measures (either changes to the fleet or purchases of
allowances/ERCs) to close this compliance gap. Regardless of gas prices,
planned wind capacity installations in Kansas through 2018 help with
rate-based compliance and give additional lead time before incremental
CPP-related investments have to be made toward 2030. Although these
new builds would aid compliance in early periods, additional effort would
be needed to reach later goals.

The analysis suggests that strong cases can be made for mass- and rate-
based pathways, though neither path dominates. Results are driven
strongly by the comparative incentives of building new natural gas
combined cycle (NGCC) units relative to wind. When gas prices are low,
new NGCC units may be built under reference conditions, which would
likely make existing-mass (implemented with leakage provisions per
the proposed federal plan) a lower cost CPP pathway for Kansas. This
conclusion is robust to key uncertainties (Figure 6-11), including pathway
selections elsewhere, more stringent post-2030 climate policies, existing
asset lifetimes, and load projections.

When gas prices are high and/or wind costs are low, the economics of new
wind capacity in Kansas are favorable even without the CPP due to the
state’s high resource potential. Exports under these conditions increase
considerably, and the subcategory-rate pathway would align more
closely with these investments.
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Key Takeaway 2:
Encouraging trading lowers
costs in Kansas
considerably compared
with strategies that rely on
in-state measures only.

Depending on how uncertainties resolve, the primary elements of CPP
compliance strategies for Kansas could include:

» Lowering coal in-state generation through retirements and/or
lower utilization (Figure 5-4 and 5-5)

e Constructing new natural gas combined cycle or wind capacity to
comply with the state’s chosen mass or rate pathway (Figures 5-3
and 6-3)

e Trading CO2 allowances or emission rate credits if mass- or rate-
based pathways are chosen by the state, respectively (Figures 5-7
and 6-4)

Given uncertainty about pathway selections by other states, rate-based
trade involves lower variability in total compliance costs (Table 6-3) and
in-state capacity retirements (Figure 5-5). Increases in trade activity
beyond 2030 are largely exports from Kansas, which are highest under
high wind deployment scenarios and rate-based compliance.

A second primary takeaway is that encouraging multi-state credit trading
lowers compliance costs for Kansas compared with “island” scenarios that
implement in-state measures alone. The magnitude of this cost reduction
from access to national trading markets (Tables 6-3 and 6-4) and impact
on in-state capacity investments (Figures 5-3 and 6-3) depend on state
pathway selections elsewhere. Despite these benefits, inter-state trading
entails a tradeoff with increased uncertainty about the pace of market
development, liquidity, volatility, and exposure to additional forces
external to Kansas. Based on gas prices and wind deployment, Kansas
could be a net importer or net exporter of credits on secondary markets.
Market participation may increase in-state coal generation, though CPP
scenarios show increased retirements and lower utilization of coal assets
relative to the reference scenario.

Additional factors beyond cost can favor a mass-based pathway selection
for Kansas, including:

* Lower incremental policy costs if low gas prices obtain: If
decision-makers are reasonably confident that natural gas prices
will not be high, then the existing-mass pathway likely minimizes
cost for Kansas (Figure 6-11).

o Flexibility to use initial allowance allocations

e Administrative simplicity and familiarity (i.e., relative to
the creation and certification process for emissions rate credits
under a rate-based plan)

Factors beyond cost that potentially favor a rate-based path include:
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» Timing of investments: New generation capacity investments
under mass compliance must start earlier and requires greater
deployment than the rate pathway for Kansas (Figure 4-4). The
mass pathway requires new NGCC investments in 2024. Near-
term planned wind capacity investments align with rate-based
compliance and would likely preclude new CPP-related
investments until 2030. This provides extra time to observe
market developments before committing to a non-market path to
CPP compliance.

» Disruption of the current generation mix: 2030 generation
under rate-based pathways more closely resemble values from the
reference scenario for Kansas (Figure 5-4).

+ Volatility in compliance costs and capacity installations:
Model results suggest lower volatility in compliance costs under
rate compliance relative to mass (Figure 6-11) depending on the
sensitivity CPP pathway selections in other states.

Small cost differences between mass and rate scenarios under a range of
scenarios will increase the importance of these other criteria for CPP
pathway selection.

The flexible compliance options under the CPP make decision-making
more complex, requiring optimization and economic modeling tools to
understand tradeoffs and impacts. Regional heterogeneity means that
there is not a dominant approach for all states, and the interdependence
of states actions means that decisions must be evaluated simultaneously.
The US-REGEN framework captures interactions between states and their
simultaneous optimizing behavior subject to CPP targets. This analysis
suggests that representing market interactions for electricity, CO.
allowances, and emission rate credits is important in assessing economic
impacts and compliance alternatives of policies like the CPP.

Potential impacts of rate- and mass-based compliance plans vary based
on assumed market conditions like natural gas prices, CPP pathway
choices in other states, wind costs, transmission, and coal retirements
(Figure 6-11). Given uncertainty about these factors, which are largely
independent from pathway decisions, the option to amend pathway
selection as more information becomes available would help to limit
compliance costs. Consideration of this flexibility for a state to switch
compliance pathways from mass to rate (or vice versa) over time could
allow states to meet CPP goals while reducing cost uncertainty.

Although the analysis offers valuable insights for state-level CPP decision-
making, model approximations and incomplete system dynamics suggest
that it should not be construed as a definitive determination of CPP
planning for Kansas or legal advice on how Kansas can comply with the
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CPP.® It can be expected that each state’s preferred portfolio of
compliance measures (e.g., in-state actions and market participation) will
be informed by a range of factors, including in-state compliance costs, risk
tolerance, local incentives, and assumptions about market liquidity and
participation. Likewise, actual deployment may depend on additional
factors (e.g., policy, permitting, and uncertainty) that fall outside of the
scope of this economic modeling and analysis.

18 For instance, US-REGEN does not include all costs incurred by coal units as they age
{e.g., unit commitment constraints are not included in this version of the model).
Including such costs could influence retirements.

74>




M_.

Appendix A: US-REGEN Model
Description

The U.S. Regional Economy, Greenhouse Gas, and Energy (US-REGEN)
model was developed by the Electric Power Research Institute.” The
model links detailed capacity planning and dispatch of the power sector
for the Lower 48 U.S. states with a dynamic computable general
equilibrium (CGE) model of the national economy.?° The two models are
solved iteratively to allow policy impacts on the electric sector to account
for economic responses (and vice versa), which means US-REGEN can
assess a broad range of energy and environmental policies.
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Figure A-1

Location of wind resources by state in US-REGEN

19 Additional detail can be found in US-REGEN Model Documentation 2014, EPRI
Technical Update #3002004693 (available online at http://eea.epri.com/models.html).

20 The CGE model of the U.S. economy includes representations of the residential,
commercial, industrial, transportation, and fuels processing sectors,
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The Clean Power Plan analysis in this report uses the electric-sector-only
version of US-REGEN. The model contains detail to simultaneously
capture capacity investment (including co-optimized transmission) and
dispatch decisions for all 48 states in the contiguous United States. The
forward-looking, long-term capacity planning model optimizes
investments through 2050 to find the least cost way to meet load.
Customizable regions and timesteps can be tailored to the needs of
specific research questions. For all Clean Power Plan analyses, the model
uses three-year timesteps through 2030 and five-year steps between 2030
and 2050.

The model simultaneously determines a cost-minimizing solution for all
48 states subject to technical and policy-related constraints. US-REGEN’s
spatial and temporal detail ensure resource adequacy for each state and
capture market dynamics not only for electricity but also for CPP-related
trading of allowances (for mass-complying states) and emission rate
credits (for rate-complying states).

Hourly renewable resource data come from AWS Truepower and provide
synchronous time-series values with load. Figure A-1 illustrates wind
resource data in the Lower 48 U.S. states represented in the model, and
Figure A-2 shows the wind resource potential for Kansas, assuming
80/100-meter hub heights. The joint variability of load, wind, and solar in
this analysis is based on meteorology from 2010.
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Figure A-2
State-level wind resource potential (MW) in Kansas by capacity factor (%)

US-REGEN employs an innovative algorithm to capture the hourly joint
variability of load, wind, and solar profiles in a long time horizon model.
This algorithm selects “representative hours” to preserve key
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distributional requirements for regional time-series data with a two-
orders-of-magnitude reduction in dimensionality. This procedure
provides between 50 and 100 intra-annual segments for system dispatch
and load balancing in each annual timestep. This approach outperforms
heuristic selection procedures that focus on representing the load
duration curve at the expense of other renewable time-series data. Figure
A-3 compares how US-REGEN'’s “representative hour” approach
compares to the “seasonal average” approach.
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Figure A-3

Comparison of US-REGEN's representative-hour algorithm output (red) for the
solar resource duration curve comparison for Texas with the underlying hourly
data (black) and the seasonal-average approach (blue)

US-REGEN models a wide range of CPP compliance options in the power
sector, including endogenous heat rate improvements, endogenous energy
efficiency, detailed renewable resource representations, redispatch,
options for existing coal (e.g., co-firing, conversion to gas or biomass, CCS
retrofits), and many others.

The reference scenario assumptions are detailed in Section 3. All
scenarios use fuel prices from the 2015 Annual Energy Outlook (EIA,
2015). The natural gas price trajectory comes from the 2015 AEO high
estimated ultimate recovery (HEUR) case, as shown in Figure A-4. Also
shown in Figure A-4 are updated fuel price paths from the AEO 2016. The
2016 reference is closer to the AEO 2015 HEUR case.
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Figure A-4

Natural gas price paths over time ($ per MMBtu, real terms) for the low and high
gas prices in the analysis (solid lines) and updated AEO 2016 values (dotted)

EPRI technology costs and limitations (e.g., on the rate and extent of
transmission and nuclear deployment) are used. In line with AEO 2015
assumptions, there are no forced retirements for existing coal units in the
reference case, though retirements for economic reasons are possible in
any period. Endogenous retirement decisions in the model weigh the
discounted sum of going-forward costs of maintaining and operating
existing capital against anticipated revenues. Without sub-state resolution
(e.g., the model does not capture intra-state transmission), US-REGEN
retirements are driven primarily by unit-specific heat rates rather than by
locational issues.

Technology cost and performance assumptions come from the most
recent EPRI Integrated Generation Technology Options report. Solar and
wind costs are updated more regularly. Capital costs for onshore wind in
Kansas decline from $1,967/kW in 2018 to $1,693/kW in 2030, which
includes a one-time $450 per kW charge to reflect incremental intra-
regional transmission investment. Utility-scale solar PV capital costs
decrease to $1,289/kW by 2030, including the same one-time hookup and
network changes. Transmission between regions can be added at a cost of
$3.85 million per mile for a notional high-voltage line (e.g., 500 kV AC or
800 kV DC) to transfer 6,400 MW of capacity.
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Figure A-5
US-REGEN capital cost trajectories (bands represent regional differences)

All scenarios include most existing and known future state and federal
policies and regulations. Updated state renewable portfolio standards are
included along with federal policies like MATS and CWA § 316(b). Other
state policies include California’s AB 32 and the Regional Greenhouse Gas
Initiative (RGGI) for eastern states. The Clean Air Act § 111(b) CO.
performance standards are included in the analysis.

Federal 2015 tax extenders adopted by Congress for wind or solar are
included in the analysis. Rooftop solar is modeled as a separate
technology “behind the meter” (i.e., rooftop generation receives the retail
price for electricity) in California.

<A5>»




T —————

Appendix B:

Table B-1
Abbreviations and acronyms used in this report

Abbreviations

AEO Annual Energy Outlook
CAA  CleanAirAct
CGE Computable Generation Equﬂsbrlum
CO» Carbon Dioxide
CPP Clean Power Plan
EE Energy Efﬂcnency
EGU Electric Generatmg Unit
EPA Environmental Protection Agency
EPRI Electric Power Research Institute
ERC Emission Rate Credit
oW ‘Glgawatts a
ITC/PTC  Investment Tax Cred:t and Productuon Tax Credit
MX Mass Existing (i.e., CPP pathway)
NGCC  Natural Gas Combined Cycle
NGGT  Natural Gas Turbme
i\dSC New Source Complement
OBS Output-Based Set-Asude
ROC  Restof Country
RE Renewable Energy
- RGG _ Regional Greenhouse Gas Initiative
RPS Renewable Portfolio Standard
i . Rate Unit (i.e., CPP pathway, sometimes referred to as
“subcategory rate’)
TWh Terrawatt-Hours
RéJGSéN U.S. Regional Economy, Greenhouse Gas, and Energy
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Abstract

This report summarizes potential implications of alternative
pathwayscompliance pathway choices for implementing the
U.S. Environmental Protection Agency’s Clean Power Plan
(CPP)in Kansas. The analysis by the Electric Power Research
Institute (EPRI) investigated Kansas’ possible options in CPP
state plan development. Results using EPRI’s U.S. Regional
Economy, Greenthouse Gas, and Energy (US-REGEN) model
assess potential electricity generation portfolio changes and
relative costs of mass- and rate-based CPP compliance
pathways across a wide range of scenarios, which represent
potential developments of emission trading markets and other
key uncertainties.

The analysis suggests that strong cases can be made for mass-
and rate-based pathways. Results are driven principally by the
comparative incentives of building new natural gas combined
cycle units relative to wind. When gas prices are high and/or
wind costs are low, the economics of new wind capacity in
Kansas are favorable even without the CPP due to the state’s
high resource potential, and power market exports could
increase considerably.

Encouraging trading of CPP allowanees or credits lowers
potential compliance costs for Kansas relative to scenarios that
principally utilize in-state measures {L.e.. actions within the

uncertainty about the pace of market developmient, liquidity,
volatility, and exposure to-actions outside of Kansas. The
magnitude of cost reductions from access to markets depends
on state pathway selections in other states. Based on gas prices
and wind deployment, Kansas could be a net importer or net
exporter of credits. Market participation may increase in-state
coal generation, though CPP scenarios show increased

vy




retivements and lower
utilization of coal assets
relative to the reference

CPP).

Keywords: Clean Power
Plan; Kansas; US-REGEN
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Executive
Summary

This report summarizes analysis by the Electric Power
Research Institute (EPRI) to explore alternative
pathwavsevaluate compliance pathway cholees for
implementing the U.S, Environmental Protection Agency’s
Clean Power Plan (CPP) in Kansas. This EPRI analysis looked
at the implications of Kansas’ options in preparinga CPP-
required state plan and specifically assessed mass- and rate-
based pathways under a range of sensitivities.

EPRI's U.S. Regional Economy, Greenhouse Gas, and Energy
{US-REGEN) model was used to compare CPP compliance
results to an appropriate reference scenario (Le., without the
CPP)tounderstand tradeoffs between planning options, In
addition to rate and mass paths, the analysis considers
alternate trading scenarios to understand how reliance on in-
state measures versus participation in multi-state emissions
trading markets could influence outcomes.

Model results show that Kansas’ business-as-usual generation
mix without the CPP would likely be out of compliance with
mass and rate targets (Figures 3-4 and 3-5), which means that
additional measures (e.g., changes to the fleet, allowance
purchases, or emission rate eredit purchases) would likely be
necessary to close this gap,

The analysis suggests that strong cases can be made for both
mass- and rate-based pathways, though neither path
dominates under all possible futures. Results are driven
principally by the comparative incentives of building new
natural gas combined ¢ycle (NGCC) units relative to wind,
When gas prices are low, new NGCC units may be built under
reference conditions, which-would likely make existing-mass
(implemented as per the proposed Federal Plan in this
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analysis) a lower cost CPP
pathway for Kansas. When
gas prices are high and/or
wind costs are Jow, the
economics of new wind
capacity in Kansas are
favorable even without the
CPP due to the state’s high
resource potential. Exports
under these conditions
increase considerably, and
the subcategory-rate
pathway would align more
¢losely with these
investments.

Regardless of gas prices, planned wind capacity installations in
Kansas through 2018 help with rate-based compliance and
give additional lead time before incremental CPP-related
investments have to be madetoward 2030,

Depending on how uncertainties resolve, the primary élements
of CPP compliance for Kansas could include:

s Lowering coal-based in-state generation through
retirements and/or lower utilization (Figure 5-4 and 5-
5)

» Constructing new natural gas combined cycle or wind
capacity to comply with the state’s chosen mass or rate
pathway (Figures 5-3 and 6-3)

¢ Trading CO. allowances or emission rate credits if
mass- or rate-based pathways are chosen by the state,
respectively (Figures 5-7 and 6-4)

Another robust finding is that promoting multi-state credit
trading lowers compliance costs for Kansas compared with
“island” scenarios, which implement only in-state mitigation
measures {i.e,, actions within the state’s borders), The
magnitude of this cost reduction from access to national
markets (Tables 6-3 and 6-4) and impact on in-state capacity
investments (Figures 5-3 and 6-3) depend on pathway
selections in other states. Despite its potential role in cost
containment, inter-state CPP market participation involves &
tradeoffy with inereased uncertainty about the pace of market
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development, liquidity,
volatility, and exposure to
forces external to the state of
Kansas,

Potentialimpactsof rate-
and mass-based complisnee
plansvary based on assumed
market conditions like
natural zas prices, CPP
athwav choices in other
states, wind cosls,
frapspvission, and eoal
retirements (Figore 6110,
Given uneertaintv about
these factors, which are
lareely independent from
athway decisions. the
option to amend pathway
selection as more
information becomes
available could help to limit
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Although this analysis offers insights for state-level CPP
decision~-making, model approximations and incomplete
system dynamics suggest that the analysis should not be
interpreted as a definitive determination of CPP planning for
Kansas. The impacts of the CPP varv widely on a staterby-state
basis and depend on factors like current and anticipated state-
level policies, planned retivements of existing assets, and
decizions in nefghboring siates, These factors van affect
insights and least-cost sirategies, Each state’s preferred
portfolio of compliance measures and actual deployment could
depend on a broad range of considerations beyond the scope of
this economic modeling and analysis, including local
incentives, other policy goals, risk tolerance, and other factors
(e.g., policy, legal cases, permitting, and uncertainty).
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Section 1: Introduction

This report summarizes analysis by the Electric Power Research Institute
(EPRI) of the comparam e costs investment implications, and other
impacts of alternative-pathwayscompliance pathway cholees for
1mpiementmg the U, S Envaronmentai Protection Agency’s Clean Power
Plan (CPP) in Kansas. The report is intended to provide insight into
Kansas’ possible options in preparing its CPP state plan. The analysis was
conducted with funding from a consortium of Kansas utilities, including
Sunflower Electric Power Corporation and Kansas City Board of Public
Utilities.

The U.8. Environmental Protection Agency’s Clean Power Plan

The U.S. Environmental Protection Agency (EPA) released its Carbon
Pollution Emission Guidelines for Existing Stationary Sources: Electric
Utility Generating Units, also known as the Clean Power Plan, on August
3, 2015

Promulgated under Section 111(d) of the Clean Air Act (CAA), the CPP
would requires states to create plang explaining how they wilbwould
comply with state-specific carbon dioxide (CQ,) emission reduction
mandates for existing fossil-fueled electric generating units.

The state plans specify the form and extent of CO. emission reduction
requirements for affected units. The EPA identifies six compliance
pathways for states, three of which are based on emission rates (i.e.,
emissions per generated electricity) and the others on mass-based
emission caps. The CPP provides flexibility for states to develop other
compliance approaches, which are subject to EPA approval. In addition to
pathway selection, a second fundamental-decision for states is to
determine the degree of participation in multi-state trading programs of
CPP pllowapces or emtission vate credits as a complement to in-state
mitigation measures.

On February 9, 2016, the Supreme Court issued a stay on CPP
implementation while the lower courts review pending legal challenges.

! The Final Rule was published in the Pederal Register on October 23, 2015 (80 FR 64661).
EPRI's summary-and interpretation of the CPP is provided here as background and is not
legal advice.
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sector model (US-REGEN)
captures defalled CPP-
related choices and
sconomic tradeoffs.

The impact of the stay on CPP requirements and timetables was uncertain
at the time of this report’s preparation.

Motivations for the State-Level Analysis of Clean Power Plan
Compliance Options for Kansas

The flexibiility of alternate CPP pathways could help states manage
compliance costs; however, these options ésmewithare accompanied by
detailed provisions and state-specific considerations thatrequiringe
careful deliberation and analysis. Sume of thefactors that ¢an finpact a
state’s compliance strategv are influenced by decigions outside of the state

of bv.elrepmstances bevond an individual state’s abilitv to eontrol. The
challenge for state planners is knowing how these choices could impact
implementation decisions, compliance costs, environimental integrity,
reliabititvy and other shorts and long-term ¥esileney gutcomes in an

uncertain world.

Since 2012, EPRI’s Program 103 (Analysis of Environmentual Policy
Design, Implementation, and Company Strategy) hias been creating the
tools needed for its members and the public to understand potential CPP

effective compliance strategies.

Program 103 and EPRI's Energy and Environmental Analysisgroup have
prteritred-supported the continual development and refinement of the
U.S. Regional Economy, Greenhouse Gas, and Energy (US-REGEN)
model. Among other applications, US-REGEN offers a flexible and
customizable platform for assessing GPEimpacts of technologieal

velopmenis and policies Hike the CPP on the electric sl power
sector, providing insights into how alternate pathway choices and multi-
state trading markets may influence electricity generation, investments,
power system operations, emissions, and costs. Datasets have been
created and updated to characterize electricity generation technologies
and their costs, renewable energy resources, and specifics of CPP
eoraphaneeoptions at the state level.?

Research under EPRI’s Program 103 has concentrated on national and
regional implications of the Clean Power Plan. In 2015, a supplemental
project was offered providing US-REGEN analyses on in-depth
consideration of CPP implementation at the state level, including the
study in Kansas discussed in this report.

2 8ee Appendix A for additional information about the US-REGEN model and references
to model documentation,
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Section 2: Analysis Approach

| ——
This analysis uses the
electric sector only version

of US-REGEN for detailed,

state-level analysis of
investments and dispatch.

The strategy alysisanalyeis strategy in this report is to compare
CPP policy and uncertainty scenarios to an appropriate reference case
(i.e., without the Clean Power Plan) to provide insight about the
implications of different CPP pathways for Kansas, The US-REGEN model
offers an analytical testbed for conducting controlled experiments to
investigate differences across scenarios.

EPRI's US-REGEN Model Structure, Assumptions, and Data

The Electric Power Research Institute developed and maintained the U.S,
Regional Economy, Greenhouse Gas, and Energy (US-REGEN) model.
US-REGEN combines detailed power sector capacity planning and
dispateh for the Lower 48 U.S. states with a dynamic computable general
equilibrium (CGE) model of the rest of the economy.3 The two models are
solved iteratively to allow policy impacts on the electric sector to account
for economic responses (and vice versa), which means US-REGEN can
assess a wide range of energy and environmental policies. The analysis in
this report uses the electric-sector model only.

The electric-sector model simultaneously determines a cost-minimizing
solution for all 48 states subject to technical and policy-related
constraints. US-REGEN’s spatial and temporal detail provides possible
resouree adequacy for each state and captures market dynamics not only
for electricity markets but also for CPP-related multi-state trading of
allowances (for mass-complying states) and emission rate credits (for
rate-complving states).

Model outputs are intended to represent critical details of asset
investment, power systems operations; and environmental compliance
options, However, it is important to interpret these results keeping in
mind that they are not mieant to be predictions of future states-of-the-
world. Primary decision-relevant insights are driven by changes across
scenarios in “what-if” analyses under many different sensitivities, not by
absolute levels in particular scenarios.

3 The CGE model of the U.8. economy includes representations of the residential,
commercial, industrial, transportation, and fuels-processing sectors.
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The analysis focuses on
the *subcategory rate” and
“existing mass only” Clean
Power Plan compliance
pathways for Kansas.

Although analysis in this report provides many state-level insights for
CPP decision-making, model approximations and incomplete system
dynamics suggest that it should not be construed as a definitive
determination of planning for Kansas.

¢ Actual deployment may depend on many additional factors, such
as local incentives, regulatory developments, other policy, judicial
outcomes, permitting, and other uncertainties.

» The modeling of the “Existing Mass” CPP pathway (discussed in
the next section) is based on the proposed Federal Plan, which
provides guidelines for managing “leakage” when: new units are
not covered under a mass-based state plan. These EPA guidelines
could change in the final Federal Plan, and such modifications
could shift incentives for asset investment, dispatch, and
retirement moving forward,

¢ EPRI's US-REGEN model captures many areas of power-sector
planning in detail, but computational constraints place important
limitations on the degree of detail in specific states. For instance,
the model does not account for unit-commitment-related costs or
constraints, intra-state transmission constraints (though inter-
distribution to individual units. These model omissions could
impact the representation of potential CPP compliance measures
(e.g., the model likely overstates the potential for coal-to-gas re-
dispatch relative to a production-cost model due to gas
distribution).

Dietailed discussions of US-REGEN's data, structure; assumptions, and
Himitations regarding technological, economie, and policy-related
variables are provided in Appendix A of this report.4

Analysis Structure

The analysis in this report concentrates on Kansas' state-level decisions to
understand the implications of alternate CPP pathways. The four-primary
paths considered include two rate-based (“Subcategory Rate” and “State
Rate”) and two mass-based (“Existing Mass” and “Full Mass”) pathways,
ag illustrated in Figure 2-1, Preliminary analysis suggested that the study
should focus on the subcategory rate (hereafter referred to as the “rate”
path) and mass cap for existing units only (hereafter referred to as the
“mass” or “existing mass” path).

4 Further detail and examples of model applications can be found in US-REGEN Model
Documentation 2014, EPRI Technical Update #3002004603 (available online at
http://eea.epricom/ models.html).
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pathwayv-varigtion:

Steany units target of 1,305 Ib/MWH NGCC
unjts target of 771 16/MWh {2030}

.| Steam and NGCC unitstarget equal tothe
state rate

Existing and New Steam and NGCC units emit
less than the state mass target + the new
source complement target

Existing and Steam and NGCC units emit less
than the state mass larget

Figure 2-1
Diagram of Clean Power Plan compliance pathways considered in the analysis

The analysis aims to inform decisions about possible pathway selections
for Kansas, The foundation for the decision is comparative costs between
these pathways, though other identified criteria are also qualitatively
discussed in the report. The analysis investigates the relative costs of rate
and mass paths under a range of sensitivities due to persistent
uncertainties about the future {(e.g., fuel prices, asset lifetimes, renewables
costs), as discussed in the vext subsection.

The flexible compliance options for states under the CPP complicates
decision-making and evaluating impacts of alternates; requiring
optimization and economic modeling tools to understand these tradeoffs
and impacts in a consistent framework. Such evaluations should be
conducted on a state-by-state basis given different targets, existing fleets,
and compliance options. Regional heterogeneity implies that there may
not be a.dominant CPP path for all states, and the interdeépendence of
states’ actions (which are affected by CPP and power-sector-planning
choices elsewhere) means that decisions must be evaluated concurrently.
The US-REGEN modeling framework captures interactions between
states and their simultaneous optimizing behavior subject to CPP targets.
Thig unique structure allows US-REGEN to represent market interactions
for electricity, renewable energy certificates, CO; allowances, and
emission rate credits o assess economic impacts and trading possibilities
of policies like the CPP.

Cost comparisons in the report refer to electric-sector-only cost impacts
and, unless otherwise noted, include;
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CPP compliance costs are
incremental electric-sector
costs above the reference
("no CPP") scenario. All
values are expressed in
real 2010 dollar terms.

¢ Al capital and operating costs

» Cost of new transmission plug maintenance, which are equally split
between states on the line

« Net payments for CPP credits.and allowances

+ Regulatory costs (e.g., alternative compliance payments for renewable
portfolio standards, ete.)

« Cost of imported electricity, priced at the marginal wholesale price of
the exporting state {minus the cost of exported electricity)

All costs are expressed in 2010 dollar terms, discounted back to 2010 ata
five percent discount rate. Note that cost comparisons on this basis differ
from impacts on consumer electricity prices/rates.

CPP costs are defined as the incremental electric-sector costs above those
incurred in the corresponding reference case, which makes it critical to
define the reference scenario carefully and to present results explicitly (as
discussed in Section 3).

It is worth reiterating that the goal of this project is not to predict the
future by forecasting values of specific variables but to gain insight about
the strengths and shortcomings of different pathways based on relative
costs. Not only are costs intrinsically uncertain, but the Supreme Court
stay creates further cost uncertainty due to potential changes in the
regulatory laridscape in vet unknown ways,

Many caveats about the uses and limitations of economic models should
be kept in mind when interpreting results from this analysis. Models like
US-REGEN are by necessity numerical abstractions of the complex
economic and energy systems they represent. As such, they may contain
approximation errors, incomplete system dynamics, and data quality
issues, When viewing results, it is important to keep in mind that insights
come from running a variety of scenarios, comparing the results, and
asking “what-if” questions.

Scenario Descriptions

Section 3 summarizes reference case assumptions, results, and CPP
compliance. Section 4 investigates CPP compliance for Kansas under so-
called “island” conditions {i.e., where compliance is achieved using only
in-state resources). Section 5 looks at the potential role of trading
emissions allowances in mass compliance settings or emission rate credits
{ERCs) in rate settings, which are exported or imported from other states

5 Maodel imoplementation of the UPP g subsequent sensitivities doss gt assume 2
Banking or represent details of the optional Clean Bnergy Inventive Progracs,
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to reduce compliance costs, The sensitivity of these results to anumber of
key assumptions is discussed in Section 6, including:

cantipatgas-price-paths

» Alternate natural gas price paths

o Alternate costs of new wind capacity (both higher and lower costs)

» Transmission additions between Kansas and Indiana {Grain Belt
Express

e Possible post-2030 U.8. COz.cap
» Lower coal lifetimes of 70 years

« Negative load growth
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Section 3: Reference Scenario

This section focuses on model results for the reference scenario, which
assesses how electricity generation in Kansas might evolve between 2015
and 2050 without the Clean Power Plan, The analysis strategy is to
compare CPP compliance results in subsequent sections to an appropriate
reference to understand the tradeoffs between Kansas” CPP planning
options. As discussed in Section 2, the reference scenario is intended to be
realistic but is not a forecast of the future. Given this framing, insights are
driven by relative changes across scenarios.

Assumptions for the Reference Scenario

Reference scenario results come from running US-REGEN for all of the
Lower 48 states in the contiguous United States. The model is calibrated
to each state’s 2015 generation mix and simultaneously solves the cost-
minimizing capacity, dispateh, and transmission expansion problems
through 2050.

Key assumptions in the reference scenario include:

e Fuel prices and load growth come from the Energy Information
Administration’s 2015 Annual Energy Outlook (AEQ)

o Load growth includes existing (i.e., legacy) energy efficiency
programs, which assumes that states continue their current
programs at average 2010-2014 rates and that this efficiency
qualifies for ERC credit when a state selects a rate-based CPP
compliance pathway®

o Reference fuel price paths over time come from the EIA’s AEO
2015 high estimated ultimate recovery (i.e., low price) case”

« The fleet database for all states was most recently updated in
December 2015 through the ABB Velocity Suite, which includes all

¢ Legacy EE data come from Form EIA-861. Although these resources may be substantial
for some states, these legacy programs donot play a role in Kansas.

7 8ee Section 6 forresults with higher natural gas prices. Appendix A (Figure A-4)
discusses how these assumptions compare with the recently released price trajectories
from EIA’s AEO 2016,
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Without the Clean Power

Plan or additional policies,

new natural gas and wind
capacity are on the build
margin in many states.

et

announced retirements {though more recently announeced nuclear
retirerments were also added

Committed (i.e., announced) wind projects in Kansas through 2018
are included per SNL Energy data

20% renewable portfolio standard in Kansas

Energy efficiency (EE) prograny costs are assumed to be $55/MWHh,
which reflects the low estimate used by the U.S, EPA in their Clean
Power Plan-economic analysis

No forced retirements for existing coal units, though retirements for
economic reasons are possible; nuclear has 60-80 year lifetimes

Technology costs come from the EPRI Generation Options report®
with recently updated solar and wind costs

Existing policies include state renewable portfolio standards (RPSs),
the Regional Greenhouse Gas Initiative {(RGGI); California’s AB 32,
and recent (2015) federal extensions of the Production Tax Credit
(PTC) and Investment Tax Credit (ITC)

CAA § 111(b) CO, performance standards for fossil units are included
for new units

Themodel captures Iransimission vestments an werflows
between states but does not represent bransmission or distribution
divectly within state boundard

Figure 3-1 shows electricity generation by technology across the U.8. in
the reference scenario. In the analysis, the PTC for wind accelerates
deployment rather than incenting incremental capacity additions in many
states.? Retirements of existing capacity and rising demand are met
primarily by new natural gas combined cycle (NGCC) units, which are on
the margin in many states under the reference case assumptions for gas
prices and technological costs,

8 Electric Power Research Institute. “Program on Technology Innovation: Integrated
Generation Techuology Options 2012.” Technical Update 1026656.

¢ The reference scenario assumes net metering in California only, which leads to more
rooftop solar deployinent compared with other states.
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Figure 3-1
Electricity generation (lerawatt-hours) for the Lower 48 U.S. states under the
reference (ie., no Clean Power Plan) scenario {2015-2050)
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Generation, Capacity, and Emissions Results for Kansas without the
Clean Power Plan

Figure 3-2 presents resulis for Kansas’ electricity generation by
technology in the reference scenario. Note that 2015 generation is
calibrated to historical values using observed natural gas prices (with
prices returning to AEO 2015 paths in subsequent projection periods).
Existing coal units (dark blue) are Kansas’ largest generation resource in
2015, a trend that continues in future years when the CPP is not in place.
However, by 2050, fuel diversity increases in Kansas as new NGCCunits
come online and new solar capacity is added to comply with the 20%
renewable mandate. Existing coal units are a low marginal cost resource
for dispatch, especially given low coal costs in the state, Wind and NGCC
units are the next largest resources by 2050. Low gas prices lead to new
NGCC units on the build margin to meet growing demand. Kansas’
existing nuclear generates just under 10 TWh annually and remains flat
throughout the time horizon.
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Without the Clean Power
Plan, Kansas’ fleet mix is
dominated by existing coat,
wind, and some new
NGCC after 2030.
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Figure 3-2

Electricity generation (terawatt-hours} in Kansas by technology under the
reference (ie., no Clean Power Plan) scenario (200020 15--2050)

Inyears where total generation exceeds the black line (i.e., representing
total load for Kansas), power is being exported from Kansas to
neighboring states.
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Figure 3-3 shows that the reference scenario involves few new capacity
investments in Kansas before 2030 apart from early period wind
investments, Near-term market conditions are not conducive to deploving
capital in new generation in Heht of the stoek of existing eapactty with low
dispateh costs, slow dernand growth, and substantial rezulatory
uncertainty. New NGCC capacity comes online after 2030, as older wind
capacity retires. The lowest-cost capacity additions for Kansas are NGCC
units in the reference case.’® Later sections will illustrate how the CPP will
guide choice of replacement capacity and possible early retirements.

i Kansas” existing gas turbine capacity is significant in Figure 3-3, but the low capacity
factors of these units is indicated by the low generation in Figure 3-2.
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no Clean Power Plan) scenario (2015-2050)
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The business-as-usual
generation mix-in Kansas is
out of compliance with the
Clean Power Plan mass
and rate targets.

Reference Scenario Compliance with Clean Power Plan Targets

The choice of reference scenario assumptions may impact astate
preference for mass or rate CPP pathways based on a variet range of
metrics. Two metrics to compare model reference cases are:

1. The difference between CO. emissions (in short tons) from
covered units in the reference case and CPP state mass targets

2, The difference between ERCs (in TWh) demanded by covered
fossil units.and the potential ERC supply from new renewables
and EE, nuclear uprates, and gas-shift ERCs

These comparisons indicate how close Kansas comes to meeting CPP
mass and rate targets in the reference case. Such metrics indicate the
extent and timing of additional efforts required to comply with the CPP.
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Figure 3-4

Comparisorrof CQ, emissions from affected units in Kansas under reference
generation and EPA’s CPP existing (i.e., existing units only) and full mass targets
(i.e., with the new source complement)

Figure 3-4 shows CO, emissions from Kansas' affected units under the
reference scenario. CPP mass caps for Kansas are superimposed to show
both the “existing” (i.e., existing units only) and “full” (i.e., existing units
with the new source complement) pathways. Even though emissions are
close to the initial target, 2030 emissions are approximately 7.2 million
short tons above the caps. This mass-based compliance “gap” increases
over time with greater coal generation and more new NGCC coming
online as the cap becomes more stringent. The existing-mass cap is likely
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to be binding in later periods, which means that changes to the fleet or
allowance purchases are required to come into comphance.

A central question in future sections is whether Kansas can eliminate this
shortfall at lower cost (accounting for other considerations) by reducing
output from existing units and making other changes to the in-state fleet,
or by purchasing allowances on the market and relying more on its
existing EGUs.

In terms of subcategory-rate CPP pathway compliance, Figure 3-5 shows
the demand and supply of emission rate credits (ERCs). ERC demand
represents that (predominantly) coal units would be required to surrender
if they were to run at reference levels suggested in Figore 3-2 undera
subcategory-rate target. Supply represents ERCs generated if Kansas
chose a rate-based pathway with only reference case actions from Figure
3-2, The fraction of wind from installed capacity after 2012 generates
ERCs. Given the ratcheting rate target and coal generation, demand for
ERCs grows over time. The rate targets are non-binding in 2024 and 2027
owing o the ERC-eligible wind capacity installations early on. Demand
exceeds supply for later compliance periods, and becomes larger intime
as rate targets for Kansas become more stringent.

25

20

15

ERCs (Twh)

Desmand Supply Demand Supply Demhand Suipply Demand Supply

2024 237 2030 2035
ECoal EGas SRow = EE mNud mOther

Figure 3-5
Dermand and supply of emission rate credits in Kansas under reference case
generation under CPP subcategory (unit) rate targets

Overall, from a business-as-usual perspective (i.e., without the CPP},

Kansas likely requires additional action to adhere to the CPP guidelines.
New wind will help the state to meet goals, but planned additions would
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not by themselves be sufficient, especially given coal output levels in
Kansas under reference conditions.

Figures 3-4 and 3-5 shew-ilustrate how expectation for $hatthe future of
the coal fleet and new ERC sources (e.g., wind, sclar; and EE) are key
parameters in-determiningzoverning how close Kansas is to CPP

compliance, Thisindiestesthes sodstarting potntsfeiThese

in Section 6.

To meet the CPP targets, Kansas must perform a combination of the
following alternatives;

» Reduce coal output, by reducing capacity factors or retiring units

« Find additional sources of electricity: New NGCC, new renewables,
new EE,; or import more power from other states

» Utilize CPP market opportunities like purchasing CO, emissions
allowances (if Kansas pursues a mass-based pathway) or ERCs (if
a rate-based pathway is chosen)
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Section 4: Clean Power Plan Compliance
without Trading (“Island” Scenarios)

M—._.

For Kansas and many
other states, the mass-
based CPP pathway relies
maore heavily on new
NGC(} investments and
rate-based on wind,

This section discusses CPP “island” compliance for Kansas, where the
state uses in-state compliance and mitigation alone with no trading of
ERCs (if a rate path is chosen) or €O, allowances (if Kansas selects a mass
path). Although Kansas still trades electricity with adjacent states, inter-
state power flows are locked at their reference levels to more fully isolate
complance mechanisms.

Although this restriction on multi-state market participation is unrealistic
for many states, these scenarios can be insightful for decision-makers,
modelers, and policy-makers for three reasons, First, this boundary
scenario assesses resources and measures Kansas can take individually to
comply with the CPP without relying on allowance or credit trading. These
“Island” scenarios provide a testbed for evaluating least-cost, in-state
resources. Second, “island” scenarios elucidate Kansas” possible fallback
options should it decide not to engage in trading, which are complements
to the trading scenarios in Section 5. Finally, “island” scenarios provide
starting points for assessing the value of trade and sensitivities to
technological and regulatory uncertainties.

These scenarios restrict Kansas to select the same compliance pathway as
all other 47 contiguous states. Section 5 relaxes this assumption by
investigating trade with pathway “mixes” where different states select
different pathways. This section begins by analyzing the mass-based
implementation approach and then explores the rate path.

Results of Existing-Mass and Subcategory-Rate Clean Power Plan
Scenarios without Trade

Forthe existing-mass “island” compliance pathway (Figure 4-1),
compliance in Kansas is achieved primarily by lowering coal generation
and increasing new NGCC generation, New incremental wind builds come
online after 2030 as old turbines age out and the output-based set-aside
(OBS) incents more renewable generation; however, low gas prices
increase the opportunity costs of developing more wind, By 2030, 1.3 GW
of new NGCC is built (compared with &-GWno additions in the reference)
and 3.1 GW new wind (3.1 in the reference). 840 MW coal capacity retires
between 2015 and 2030 in Kansas under the existing-mass island
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compliance pathway. Annual gesdcoal generation decreases in 2030 from
28.2 TWh in the reference case to 19,2 TWh.
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Figure 4-1
Electricity generation by technology in Kansas under reference (i.e., no CPP) and.
existing-mass island compliance scenarios
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Figure 4-2 compares allowance prices under the existing-mass island
scenario (top) and ERC prices under the subcategory-rate island scenario
(bottom). For both island scenarios, Kansas’ marginal compliance costs
are far from the highest (some states are high in one metricbut small in
another) and lowest (the CPP constraints are not binding in some states
in'2030). These prices reflect the stringency of the fargets and cost of
Kansas' compliance options relative to other states.
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Coal generation in Kansas
decreases under mass-
and ragte-based CPP
compliance, especially
when trade is restricted.

Figure 4-2
Maps of 2030 state allowance and ERC prices under existing-mass island
compliance (top) and subcategory-rate isiand compliance (bottom)

For the subcategory-rate island compliance pathway (Figure 4-3), Kansas’
cost-minimizing compliance strategy would rely heavily on new wind
builds. Compared with the mass-hased compliance parhway, the rate path
entails more new wind capacitv and less NGCC, These low-carbon

gengration-resources keep more coal generation in the portfolio in 2030,
as no coal capacity retires in this scenario and generation is only slightly
lower than 2015 values (24.3 TWh annually in 2030 compared to 28.2
TWh in the reference). New NGCC capacity and generation are lower for
the rate pathway than the reference scenario or the mass-based approach.
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Figure 4-3

Electricity generation by technology in Kansas under reference (ie., no CPP) and
subcategory-rate island compliance scenarios

Table 4-1 shows how ERCs surrendered exactly equal those created in-

state under island rate compliance. ERC demand is primarily from steam
units, and zero-carbon ERCs come from wind. As shown in Figure 3-5, the
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The rate CPP pathway
provides Kansas more time
to observe market
developments before
making capacity
deployment decisions.

3.1 GW of new wind built in the reference suggest that Kansas likely will
not have to undertake additional measures to comply with the CPP rate-
based targets. This is reflected in the $0/MWHh ERC price in 2024 and
2027 in Table 4-1.

Table 4-1
Emission rate credit (ERC) balance and ERC prices for Kansas under
subcategory-rate island compliance

ERC Demand

(TWh) 141 141 171 18.8 19.6 189 185
ERC Supply(TWh). 141 141 171 188 196 189 195
ERC Price !

0 0 12.6 5.6 4.8 . 4.
(SMWh) o0 3 $ $ 5 $5.3 443

Comparing investment decisions under rate and mass pathways also
indicates the timing of when commitments have to be made. Based on the
pace of investments, it may be useful to understand which plan potentially
gives states more time to observe the resolution of uncertainty about
policy choices elsewhere and compliance provisions before making
irreversible capital allocation decisions.

Given nncertainty about a range of factors fwhich are explored n the

sensitivity analvses in Section 6), the option ! 1 pathway selectio
as more infor ton becomes gvailable (Le,, the flexibility for fe i
switeh compliance pathwavs from mass to rate or vice versal would help

to Bmit complance costs,

Figure 4-4 illustrates how investments under mass compliance must start
earlier and requires greater capacity installations than the mass pathway
for Kansas. For the existing-mass pathway, incremental additions beyond
the reference scenario come online in 2024 and consist largely of NGCC
capacity. In contrast, island rate compliance for Kansas mostly consists of
new wind additions that begin around 2030.
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Figure 4-4

Comparison of cumulative capacily additions and retirements (gigawatts) in
Kansas over time under existing-mass island compliance (left) and subcategory-
rate istand compfiance (right)

The earlier and more extensive investments under mass compliance
under “island” conditions make this pathway slightly costlier for Kansas.
The present value of investment through 2030 is $6.18 billion under
existing-mass and $6.15 billion under subcategory-rate. Ultimately, the
accelerated wind investment helps with rate compliance. Investments that
are already being made for planned projected align with rate-based
compliance and give additional lead time before incremental CPP-related
investments have to be made toward 2030.

Time-series data for emission rate credit and allowance prices over time

are presented in‘Section 5, which conpares island results with their
values under different trade assumptions.
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In summary, an “island” compliance environment where Kansas must rely
only on in-state resources without market participation suggests that the
subcategory-rate path provides more lead time than its mass-based
counterpart to observe market developments before committing to a non-
market path to compliance. Investment costs and total compliance costs
are higher for the mass pathway, as discussed in Sections 5 and 6,
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Section 5: Clean Power Plan Compliance
with Inter-State Trading

|

Trade of CO, allowances or
emission rate credits may
fower compliance costs but
come at the expense of
increased reliance on
uncertain markets.

The “island” compliance resuits in the previous section assumed Kansas
relied on in-state compliance measures alone and did not participate in
multi-state emissions trading markets. Emissions trading—through
allowanees when Kansas selects a mass pathway and ERCs under rate—
creates opportunities to lower overall compliance costs,

National or regional markets are potential “backstop” options and
strategic cost-containment mechanisms for CPP compliance, However,
their size and depth are subject to significant uncertainty, and the use of
these options creates tradeoffs between potentially lower costs (or lower
price volatility) and reliance on markets. Therefore, increased allowance
trading raises questions about recourse options if market are slow to
develop, if liquidity problems arise, and if exposure to other regulatory
shocks increases.

This section explores these questions and has three specific objectives:

1. To investigate the compliance balance between in-state
investments and markets for allowances/ERCs

2. To understand how different “mixes” of compliance pathway
selections in other states influence market outcomes for Kansas

3. Todemonstrate opportunities to reduce cost through trade

Description of Scenarios and Trading Mixes

This section presents results for state plans that allow inter-state trading
of ERCs-or allowances in the case of rate-based or mass-based compliance
pathways, respectively. Like the island scenarios, in-depth analyses are
performed for the subcategory rate (denoted “RU”) and the existing mass
{denoted “MX”) pathways,

Trading scenarios were developed using two “mixes” of alternative market
outcomes to represent uncertainty about the selection of compliance
pathways by individual states. These mixes are labeled “Mix1” and “Mix
2HP” for this analysis,
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|
Trading “mixes” represent
potential developments of
emission irading markets
with alternate pathway
selections for states.

All mixes assume California and the Regional Greenhouse Gas Initiative
(RGGI) states choose the full-mass pathway (i.e., with the new source
complement), that California does not trade with other states, and that
the RGGI states trade only within RGGI, All mixes assume that states with
pending new nuclear units (i.e., Georgia, South Carolina, and Tennessee)
choose the subcategory-rate pathway.

The mixes differ in how the rest of the states choose between the
subcategory-rate and existing-mass pathways. Figure5-1 shows maps
documenting these selections.

o  Mix 1: The first mix uses the above assumptions about full-mass
states (California and RGGI) and subcategory-rate (states with
new nuclear), All other states adopt existing-mass pathways. This
scenario represents minimal adoption of rate programs among
states and places a Jower bound on participation.

» Mix 2 High Plains (HP): The second mix takes Mix1and adds
seven other states to subcategory-rate trading: Colorado, Iowa,
Wisconsin, North Dakota, South Dakota, Nebraska, and
Oklahoma. These states were selected owing to previous EPRI
analysis indicating this pathway could be economically attractive
for these states under some states-of-the-world. This result is
driven by the comparative attractiveness of new wind in the
reference case due to state-specific resources and costs relative to
other alternatives.

Note that it is not immediately obvious whether adding additional states
to a rate-based trading market will increase or decrease market-clearing
ERC prices. The addition of ERC compliance obligations is accompanied
by new ERC supply resources, which are brought simultaneously into the
trading system. For instance, if states with low ERC demand and high
ERC supply join a rate markets, prices will fall (all else equal), whereas
prices will rise if states with high ERC demand and low ERC supply join.
These dynamics make it important to use modeling frameworks like US-
REGEN to understand the implications of alternate pathway selections,
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Figure 5-1
Maps of Clean Power Plan state compliance pathway assignments: MiX1 (fop)
and Mix2HP {(botiorn)

Generation and Investment Results for Kansas with Trading

Figure 5-2 shows the market-clearing allowance and ERC prices for each
state under MixaHP.®

= Agsociated market-clearing prices for each mix are discussed in the next section.
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Figure 5-2

Map of “Mix 2HP™ CPP state compliance pathway assignments and emissions
trading prices in 2030 calculated by EPRI's US-REGEN model= (top) and net
exports in 2030 (botiom)

Comparing investments across the two patchwork trading mixes and
“island” compliance scenarios suggests how robust near-term decisions
may be under a range of potential futures. According to Figure 5-3,
investments through 2030 show variation across the asswmed policy

1 The number superimposed on cach state is the emission trading price caleulated by US-
REGEN. For mass-based states, this is an emission allowance price, denominated in
$/short ton COa. Forrate-based states, this is an ERC price, denominated in $/megawatt-
hour of zero-emission generation (or avoided generation in the case of energy efficiency).
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Kansas' compliance
without frade generally
entails greater in-state
capacity investments than
scenarios with market
participation,

| —
Kansas' compliance with
trading involves the
combined use of in-state
measures and market
purchases of credits.

compliance selection and trading environment. Island compliance
generally entails the most significant in-state capacity investments, but
not in all cases. Note how the reference case capacity additions include
almost 3 GW new wind, and the NGCC additions come through the
Riverton Unit 12 conversion to combined cycle.

The additional investments under island scenarios suggests that
potentially strandable investments can result from pursuing an
exclusively in-state compliance strategy. Excessive investments under any
scenario could later prove unnecessary if market opportunities emerge
and could prove costly-ex-pest. These dynamies have important
implications for the option value and timing of new investments and may
be an incentive to avoid irreversible capital outlays in the presence of
uncertainty about the future. The economic implications of these
scenarios are discussed later.

Cumulative Capacity Additions in 2030 (Kansas)

I
2
1
o -

Ref Rate Mass Rate Mass Rate Mass
Iskand Mix1 Mix2Hp
NGCE 1 Wind
Figure 5-3

Comparisor of cumulative capacity investments (gigawatls) in Kansas through
2030 under existing-mass and subcategory-rate compliance under different
trading environments (reference shown on left)

Figure 5-4 shows 2030 generation in Kansas across these scenarios and
pathways, Many existing units in Kansas remain competitive throughout
the model's time horizon.:s The CPP amplifies pre-existing trends in the

13 Note that US-REGEN doesnot include all costs incurred by coal units as they age (e.g.,
unit eommitment constraints dre not included in this version of the model). Including
such costs conld influence retiverent and dispatch decigions.
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power sector like coal-to-gas fuel switching and wind deployment.
However, state decisions about CPP compliance paths and degree of
market participation provide opportunities to influence the generation
portfolio trajectory moving forward. Scenarios with inter-state allowance
trading typically involve greater reliance on importing electricity,
especially when Kansas adopts a mass pathway. Coal output is highest
when Kansas selects rate-based pathways.
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Figure 5-4
2030 electricity generation (ferawall-hours) in Kansas by technology under
differant trading environments and pathway selections

Figure 5-5 shows the installed capacities of Kansas’ coal assets over time.
For the reference scenario (black line in Figure 5-5), total coal capacity
remains constant over time, as the low operating costs of these units make
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them economically competitive, The lines for mass- and rate-based CPP
compliance for all trading scenarios overlap with the reference values,
indicating that coal capacity for these classes does not change when the
CPP isin place. This is also true of the scenarios where Kansas selects a
rate-based pathway. Retirements only occur in mass-based island
compliance scenarios, In these two scenarios, retirements occur primarily
for the least efficient units and after 2030.
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Figure 5-5

Coal capacity (gigawatts) in Kansas by CPP compliance scenarios
Assessing of Economic Outcomes with and without Trading

Comparing market-clearing permit prices over time offers one metric for
evaluating CPP-related economic impacts. These marginal values reflect
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the stringency of the targets and, specifically, the cost of Kansas’
compliance options relative to other states.'s Figure 5-6 shows allowance
prices for mass-based paths (top) and ERC prices for rate-based (bottom).
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Figure 5-6

Kansas allowance prices ($ per short ton, fop) and ERC prices ($ per MWh,
bottorn) over time for different trade assumptions

Prices under island compliance are typically higher than scenarios where
multi-state trade is possible. Market participation lowers costs for Kansas
but especially in early years of mass-based compliance owing to the
difficulty of meeting early targets.

Market prices for most states tend to differ more under rate compliance
than under mass compliance, reflecting less liguidity in the wider market
for ERCs. The lower volatility in ERC prices is caused largely by the
marginal mitigation option for compliance under rate- versus mass-based
pathways. For existing-mass, the marginal compliance option is largely
reducing coal generation and increasing generation from new NGCC
units, Although the price differential between coal and gas causes:some
state-specific variation, these costs are largely the same between different
regions. For rate, the marginal compliance option varies across mixes,
and the cost of developing new wind, guality of existing resources, and
total wind deplovment exhibit significant regional heterogeneity, which is
exacerbated by decreasing returns to scale. These dynamics underscore

i4 Note that ERC and CQz prices are useful metries for comparisons in individual models,
as higher price indicates more expensive mitigation options, However, price comparisons
are invalid between models, since prices depend on a host of model-specific assumptions
(., reference, trading, capacity, and state resource assumptions).
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the importance of modeling interactions between states in national
markets to capture trading possibilities using a model like US-REGEN
that captures simultaneous optimizing behavior by all states subject to
meeting CPP goals.

Note how the ERC prices are highest under Mix2HP trading due to higher
ERC demand under this trading mix. These higher valueslead to greater
investment in wind capacity in Kansas relative to the other trading
pathways (Figure 5-3).

Figure 5-7 shows trade volumes for Kansas across these scenarios. Note
how the (cost-minimizing) net trade position for Kansas is different for
mass and rate compliance. When Kansas adopts a mass-based plan, the
state is a net importer of allowances, especially after 2030. However,
under a rate-based plan, Kansas is an exporter of ERCs for many periods.
The higher ERC prices in Mix2HP trading lead to higher in-state wind
investment and higher exports.
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Figure 5-7

Kansas allowance (million short tons, top) and ERC (TWh, bottom) frade volume
in net export terms over time for different trade assumptions

On a present value basis,’s compliance costs for the subcategory-rate
pathway are lower than the existing-mass pathway for island compliance
but higher for the trading scenarios, as shown in Table 5-1. Recall that the
definition of cost includes:

»  All capital and operating costs

15 The US-REGEN model works in: present value terms; discounted back to 2015-ata
discount rate of five percent,
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M—M
Kansas participation in
inter-state trading lowers
Clean Power Plan costs
considerably regardiess of
whether a mass- or rate-
based pathway is chosen.

»  (Cost of new transmission (evenly apportioned between states.on the
line) plus maintenance

= Regulatory costs (e.g., alternative compliance payments for RPS, ete.)

»  Cost of imported electricity, priced at the marginal wholesale price of
the exporting state {minus the cost of exported electricity)

= Net payments for Clean Power Plan credits/allowances

Table 5-1
Comparative incremental CPP policy costs to Kansas ($ billion) in present value
terms (2015--2050) and as a percentage of the reference costs

fend 02 078 124 30%
Mix1 Trading 011 0.5%  -0.3%
Mix2HP Trading  0.19 1 08%  05%

Examining the net present value of compliance costs is a useful
complement to the marginal value comparisons in Figure 5-6. These CPP
costs represent the sum of discounted incremental electric-sector costs
over time above those incurred in the reference (i.e., no CPP) scenario.

Some mass-based paths entail net negative compliance costs for Kansas.
These cases typically involve a greater reliance on electricity imports than
the reference scenario and take advantage of opportunities to bring in
power from neighboring states during periods with lower marginal
wholesale prices: This lowers investment and O&M costs under the mass-
based policy scenario, despite higher costs for importing allowances.

Another important takeaway is that encouraging trading lowers costs for
Kansas considerably compared with the “island” scenarios where trade is
more limited. This result holds for both rate and mass pathways, but the
magnitude of the cost reduction from trade depends on pathway
selections in othier states.

Summary of Trading Scenarios for Kansas
Model results in this section indicate that encouraging trade lowers
compliance costs for Kansas compared with “island” scenarios. The

magnitude of this cost reduction from access to national markets and
impact on in-state capacity investments depend on state pathway
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selections elsewhere. Despite its potential role in cost containment,
market participation involves a tradeoff with increased uncertainty about
the pace of market development, liquidity, volatility, and exposure to
forees external to the state of Kansas.

Scenarios with trade underscore how pursuing in-state compliance
strategies can increase the risk of stranded assets. As illustrated in Figure
5-3, CPP “island” scenarios entail greater capacity investments than the
reference case or trade scenarios. If these in-state assets are built in early
compliance periods and low-cost trading opportunities later become
available, the opportunity cost of the unneeded units could be high.

Although this analysis offers insights for state-level CPP decision-making,
model approximations and incomplete system dynamics suggest that it
should not be construed as a definitive determination of CPP planning for
Kansas. Each state’s preferred portfolio of compliance measures (e.g., in-
state actions and market participation) will be informed by a range of
factors, including in-state compliance costs, risk tolerance, local
incentives, and assumptions about market liquidity and participation.
Actual deployment may depend on additional factors (e.g., policy,
permitting, and uncertainty) that fall outside of the scope of this economic
modeling and analysis.
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Section 6: Sensitivity Analyses

A series of sensitivity analyses was undertaken to explore how key
uncertainties affect the relative costs of Clean Power Plan compliance
under the rate versus mass pathways. In addition to the sensitivities of
CPP path choices in the previous section, six key uncertainties were
examined, including;

*

-

Alternate natural gasprice paths

Alternate costs of new wind capacity (both higher and lower costs)
Transmission additions between Kansas and Indiana

Possible post-2030 U.S. CO, cap

Lower coal lifetimes of 70 years

Negative load growth

Some sensitivities were varied jointly (e.g., natural gas prices and wind
costs) fo capture possible interactions between these assumptions. Table
6-1 summarizes the scenarios resulting from examining these
uncertainties with different combinations of mass and rate CPP
compliance (and alternate trading assumptions).
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State compatative advantage

. 2
Hate/mass comparison in alt, realistic setting
: ;.

Impact of & past- 2030 1.5 €0, emissions cay
{800 by 2050) on pathway choices

tnpatt of Mwear coallifetime

Impact of negative load growth

Table 6-1
Master scenario list
St Background Assumptions PP Pathway
ROCPolicy  GasPrice WindCost  Trensm.  U.S. €O, Cop  CoalLife RU MX kP
1 island Low Ref Ref None Ref 1
2 Mixi Low Hef Ref None Ref 4
MbEHE Raf Ref Hone Ref 7
3 igland Ref Ref Hone Bef. 0
Mikl Ref Ref Hong: Ref Ref 13
WX ZHP Ref Ref Nong Ref Pef
Mixl i Ref None Bef Ref
M Ref Kone Ref Ref
Mixl Ref Rong Ref Ret
NinZHP g Ref Rone Ref Ret
4 Minl Ref None Rt Ref
MinZHP Ref Hone Ref Ref
Mix1i Low Ref fione: Ref Ref
Wi 28R Low Ref Hone Ref. Ref
wixt High Ref Hone Raf Ref.
M EHP High Ref None Ref
555 1 Low Ref Ref B0 by 2050 Raf
B ZHP Low Ref Ref 0% by 2050 Ref Ref
Wil High Ref Ref B by 2050 Ref
MixZHP High Riet Ref  BO%byIOS0  Ref
Mix1 Low Ref fef Hone i)
MixdHP Low Ref Ref None b
Mixd tow Ref Ref None Ref
Mix2HE fow Ref Ref None Ref

Wotes: ROCs rest of country
isiand = all states comply In Isolation; no Incremental power flows
U = Susbeategory {Unit) Rate
MX = Existing Mass {but with output-based set-asides)
KP = Kansas Plan

| ‘High Wind Cost .5 200000 wind cost:

cpppathway

AU M What we leam

Set Background Assumptions
ROC Policy GasPrice Wind Cost! Transm. U5 €Oy Cap  Codl Uife
1 istard Low Rt Rat None Ref
2 MEXL Low Ref Ref Nane Ref
MizzHE Lo Ref Ref Nong Ref
3 Istand High Ref Ref Noog fef
Mixl High Ref Ref None Ref
MiRZHE High Ref None Ref Ref
BMixl Ref Nane Ref Ref
Mix2HP Ref Norie Ref Ref
Wikl Ref Nohe Ref
MiXZHP ! Ref Nane Ref
& Mixl Raf None Ref
WMIQ2HP None Aef Ref
Mix1 Low Ref None Ref Ref
MixZHP Lo Ref Nona Ref Ret
Mixi High pef Nore Ref Ref
WixZHE High Ref None Ref
Mixl Low Ref BiBichy 2050 Ref
BAixZHP Low Ret Ref B9 by 2050 Ref Ref.
Mixt High Rt Ref  BOR DLy 2050 Ref Ref
Mix2HP High Ref wef  BON by 2050 Ref
Mixl Low Ref Ref None 70
MixIHP Low Ref Ref Hone 70
Mixl Low Ref Ref Nuone
MingHe Low Ref Ref None Ref

Notes: ROC=rrest of country
Istand = all states comply inisolation; noincremental power flows
Rip=Subcategory {Unit) Rate
MK = Existing Mass {but with output-based set-asides)
Lo fHligh Wind Cost = -/# 200 in wind costs

State comparative advantage
Rate frnass comparisan in alt resfistic setting

| [How alterniate gasprice paths affect
comparative pathway cholees

Impact of Kansas-indiana transmission

impact ofapost- 2030 U5 CO emissions cap.
- {8088 by 2050) on pathway dhoices

 Himpact of 70yesrcoal lifetime

~ Hmpact of negative load growth
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High natural gas prices
lead to much higher wind
development in Kansas,

even in the reference case.

Sensitivity Analysis Descriptions and Results

Natural Gas Prices

Natural gas price uncertainty is represented through the “high price path”
shown in Figure 6-1. This path is set to match the U.8. Department of
Energy’s 2015 Annual Energy Outlook Reference path. Note that the “low
price path” shown in Figure 6-1 was used as the reference price in earlier
sections of this study. This path matches the AEQ 2015 high estimated

ultimate recovery (HEUR) path but is still higher than NYMEX Henry
Hub prices.'¢

Average Power Producer's Gas Price (US) + NYMEX Henry Hub

=]

b

High Price Path

& (based on AEQ 2015 Ref)
f] &
=
=
£,
58
o0
=
= 4
:
g3 {based.on AEQ 2015 HEUR)
L

2 NYMEX Henry Hub

1

5
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el vy eemelligh e NYMEX Henry Hub
Figure 6-1

Natural gas price paths over time ($ per MMBtu, real terms) for the low and high
gas price scenarios

capacity and generation mix for Kansas. Figure 6-2 compares Kansas’
generation under the reference case with low and high gas prices. The
high natural gas price path encourages more new wind in Kansas even
without the CPP. Expotts also increase early in the time horizon as in-
state coal units increase output. After 2030, higher gas prices prevent new
NGCC deployment, and Kansas high-capacity-factor and low-cost wind
resources lead to significant investments in new wind generation (12.7
GW by 2050). Exports from Kansas to neighboring states with higher

16 Figure A-4 in Appendix A compares these price trajectories with the updated 2016
Annual Energy Outlocknatural gas price scenarios.
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wind costs also increase under high gas prices (32.8 TWh in 2050 versus
11.4 with low gas prices).

Note how the high-gas-price scenario is one of many potential drivers of

high wind development. Many insights about CPP pathways under these

scenarios are also applicable to other environments with significant wind
buildouts in Kansas.
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Fiqure 6-2
Electricity generation (terawatt-hours) by technology in Kansas under reference
{i.e., no CPP) scenarios with low gas prices (left). and high gas prices (right)

The new wind in the reference scenario means that Kansas is likely in
compliance with CPP rate targets beginning in 2035. However, some
fraction of this extensive capacity additions would have to be accelerated
to reach rate goals in 2030, which accounts for the additional investments
in Figure 6-3. When Kansas participates in ERC and allowance markets,
pathway decisions in other states have a larger impact on Kansas capacity
additions when gas prices are higher, Due to the state’s export potential,
some trading scenarios (e.g., those with higher installed wind) entail
greater capacity investment than the island compliance scenario.
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Figure 6-3
Cumulative capacity investments (gigawatts) in Kansas through 2030 under

mass and rate compliance under different trading environments (assurming high
natural gas prices)
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Higher gas prices and wind capacity deployment also impact Kansas’
trading incentives in allowance and ERC markets when it chooses a mass
or rate path, respectively. When Kansas chooses mass, its net allowance
trade position narrows, as shown in Figure 6-4. The wind generation not
only leads to greater electricity exports, but it also creates more
allowances that Kansas uses in-state instead of relying as much on
allowance imports (as it does with lower gas prices in Figure 5-7). When
Kansas selects the rate pathway, it becomes a significant ERC exporter
after 2030.
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Figure 6-4

Kansas allowance (million short tons, top) and ERC (TWh, bottom) rade volume
in net export terms over time for different trade and gas price assumptions

Table 6-2 demonstrates how these alternate gas price scenarios influence
CPPcompliance costs for Kansas. The economics of wind are niore
attractive in the reference case, which means that the subcategory-rate
pathway minimizes cost for some scenarios with high gas prices.

Table 6-2
Comparative incremental CPP policy costs fo-Kansas ($ billion) in present value
terms (2015-2080) and as a percentage of the reference costs

Set Background Assumptions Policy Cost {$B] % Referenice
ROC Policy Gas Price Wind Cost  Transm. U.5.CO; Cap Coallife Load
1 Island Low Ref Ref None Ref Ref
2 Mixl low Ref Ref None Ref Ref
Mix2Hp Low Ref Ref Norne Ref Ref
3 Istand High Ref Ref None . Ref Ref
Mixl High Ref None Ref Ref
Mix2Hp High Ref None Ref Ref
Mix1 High Ref None Ref Ref
Mix2HP High Ref Nene Ref Ref
Mixl High Ref None Ref Ref
MixzHp High Ref None Ref Ref

Costs of Wind

In this sensitivity, the cost of wind energy is discounted by 20 percent so
that the installed cost of new capacity is $1,200/kW.7

Figure 6-5 shows how these lower wind costs impact lead to slightly
higher wind generation, especially after 2030. Table 6-3 indicates that,
although lower wind costs bring some new capacity online, natural gas
price assumptions have a larger impact on investments and CPP
compliance costs.

7 Solar cost decreases of 20% did not change the results and were notincluded.
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Figure 6-5
Electricity generation (ferawatt-hours) by technology in Kansas under reference
(i.e., no CPP) scenarios with reference wind costs (left) and low costs (right)

Transmission Additions to Indiana {Grain Belf Expressl

This sensitivity explores a scenario where transmission capacity can be
added between Kansas and Indiana in addition to its four adjacent
neighboring states.

When transmission capacity can be added between these states,
additional wind capacity is constructed in Kansas under the CPP
compliance scenarios. Figure 6-6 shows how cumulative additions
through 2030 are influenced by different gas prices, pathway choices in
Kansas, and transmission expansion, Price differentials between regions
creates a lucrative electricity export market for Kansas, especially when
Kansas chooses a rate pathway (and wind can generate excess ERCs to sell
on the market) and natural gas prices are higher (and other states find it
cheaper to meet load by importing electricity from Kansas rather than
building new in-state eapacity).
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2 Cumulative Capacity Additions in 2030 (Kansas)
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Figure 6-6

Cumnulative capacity investrments (gigawatts) in Kansas through 2030 under
mass and rate CPP compliance with Mix2HP trading under different gas prices
and transmission sensitivities (reference transmission assumptions and a
sensitivity where Kansas-Indiana transmission can be added)

Post-2030 U.S. CO; Cap

This sensitivity considers a case where a post-2030 policy imposes a
power sector only CO. cap of 80% below 2005 levels by 2050 (beginning
with a 50% cap in 2035 and decreasing linearly to the 2050 target).

Figure 6-7 shows that a majority of new capacity additions oceur after
2030. The anticipation of a certain and stringent cap after 2030 does not
considerably alter investments before 2030. Under low gas prices, fewer
than 5 GW new wind capacity is built regardless of whether a stringent
post-2030 cap on CO, emissions is anticipated. This result suggests that,
for Kansas, the CPP does not force appreciable deviations from what
would be useful later,
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Figure 6-7

Cumulative capacity installations in Kansas thraugh 2030 (left) and 2050 (right)
under rate and mass CPP compliance without (“CPP") and with a post-2030 CQ,
cap (“80%"), assuming low natural gas prices

Due to Kansas high-quality wind resources, stringent national CO.
targets involve significant wind build-outs in the state by 2050 and
electricity exports to neighboring regions. Figure 6-8 demonstrates how
Kansas' 2050 generation could be very different under alternate
assumptions about post-2030 policies. The reference scenario generation
is relatively similar to the CPP scenarios in 2050, as the latter has slightly
higher wind and NGCC generation, In contrast, generation in Kansas
under a nationwide 80% cap is largely comprised of wind and existing
nuclear, Total generation under the 80% with low gas prices is
approximately 100 TWh by 2050, which is twice as high as in-state
demand. When high gas prices are assumed, wind generation in Kansas is
even higher, and total in-state generation is three to four times in-state
demand by 2050 (Figure 6-8).
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Figure 6-8
2050 electricity generation (terawatt-hours) in Kansas by technology under
different pathway selections, gas prices, and post-2030 policies

70-Year Coal Lifetime

This sensitivity assumes that all coal assets in Kansas retire after 70 years
instead of endogenously retiring units based on their economic
competitiveness. As shown in Figure 6-9, coal retirements lead to lower
generation after 2040 and greater deployment of NGCC capacity through
2050. This transition leads to slightly lower incremental CPP compliance
costs for both rate and mass pathways in Kansas,
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Figure 6-9

Flectricity generation {terawatt-hours) by technology in Kansas under reference
(i.e., no CPP) scenarips with endogenous coal lifetimes (left) and exogenous 70-
year coal ifetimes (right)

Load Growth

Load growth in US-REGEN averages 0.54% throtugh 2050, which is based
on 2015 Annual Energy Outlook values. This sensitivity scenario assumies
negative growth across the time horizon.

Figure 6-10 shows how reference generation under negative load growth
erodes incentives to build new in-state capacity, especially new NGCC
after 2030, However, incremnental CPP compliance costs are roughly the
same for the rate and mass pathways as for the higher load growth
reference scenario {see Table 6-3 in the following subsection).
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Figure 6-10
Electricity generation (lerawatt-hours) by technology in Kansas under reference
(i.e., no CPP) scenarios with AEQ load growth (left) and negative growth (right)

Incremental Clean Power Plan Cost Comparisons across Scenarios

Given the previous conclusions, these sensitivities evaluate the robustness
of a mass- and rate-based plans for Kansas by comparing total CPP
compliance costs across all scentarios. Table 6-3 provides an overview of
the sensitivity results. The right-hand columns show the incremental
policy cost for the two pathways in absolute terms (in billion $, present
value through 2050) and as a percentage of the reference (i.e., no CPP)
cost. The column on the far right shows the cost-minimizing pathway.

Table 6-3
Comparative incremental CPP policy costs o Kansas ($ billion) in present value
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terms (2015-2050) and as a percentage of the reference costs under
subcategory-rate (RU) and existing-mass (MX) pathways

Set Background Assumptions Policy Cost{$8} % Reference
ROC Policy  Gas Price Wind Cost Transm. US.£0;Cap Coal Ufe Load
1 istand Low Ref Ref None Ref Ref
2 Mixd Low Ref Ref None Ref Ref
MixZHP Ref Ref None Ref Ref
3 istand Ref Reaf None Ref Ref
Mixt Ref Ref More Ref Ref
Mix ZHP Ref Ref None Ref Ref
Mix1 i Ref None Ref Ref
Mix2HP Ref None Ref Ref
Mix1 Ref None Ref Ref
Mix2HR Ref None Ref Ref
4 Mixl Noneg Ref Ref
MixZHP None Ref Ref
Mix 1 Low None Ref Ref
Mix2HP Low None Ref Ref
Mixt High Ref None Ref Ref
Mix2HP High Ref None Ref Ref
Mix L Low Ref BO9% by 2050 Ref Ref
MixIHP Low Ref B0 by 2050 Ref Ref
ML High Ref Ref B0 by 2050 Ref Ref
Wix 2HP High Ref Ref B0 by 2080  Ref Ref
Mix1 Low Ref Ref None 70 Ref
MiX2HP Low Ref Ref Nong 70 Ref
Mixi Low Ref Ref None Ref <%
Mix 2HP Low Ref Ref None Ref -1%

Table 6-3 indicates that existing-mass and subcategory-rate pathways can
minimize compliance costs for Kansas depending on the sensitivity,

Many mass-based sensitivities involve net negative compliance costs for
Kansas. These cases generally involve a greater reliance on electricity
imports than the reference (i.e., no CPP) scenario and take advantage of
opportunities to bring in power from neighboring states during hours
with lower marginal wholesale prices than the reference case. This lowers
investment and O&M costs under the mass-based policy scenario, despite
higher costs for importing allowances.

Figure 6-11 plots sensitivity results to illustrate relative costs of the mass-
or rate-based pathways. The dashed 45-degree isoquant line shows the
domain where the mass and rate pathways are of equal cost. Points falling
above this line indicate scenarios where the mass path is costlier, while
values falling below the line indicate that the rate path is costlier.
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Figure 6-11

Compatison of incremental compliance costs of the Clean Power Plan for
Kansas (billion $, present value through 2050) under existing-mass and
subcategory-rate compliance pathways under a range of scenarios

This figure demonstrates how scenarios where the mass path entails
higher complianee costs for Kansas can be significantly costlier. In the
limited scenarios where mass is lower cost, the cost advantage is small. In
contrast, the cost advantage of the rate pathway for Kansas is large under
many scenarios, Unlike other states, Kansas’ costs are influenced more
when it picks the mass pathway than the rate, which leads to more total
complianee cost variation.associated with existing-mass.

When Kansas selects the mass path, costs range from -$0.2to +$2.8
billion through 2050. Sensitivities that give rise {o cheaper mass
compliance are ones with lower wind generation and net imports, which
leads to negative compliance costs.

Figure 6-11 indicates how trade can considerably lower compliance costs
for Kansas regardless of the selected pathway. Participating in permit
markets can potentially lower Kansas’ compliance costs by millions of
dollars (present value terms through 2050), though the magnitude
depends on Kansas’ selected pathway and compliance mixes elsewhere.
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Note that gas prices and wind costs are large drivers of outcomes, as
futures that incent high wind development in Kansas will make the rate
pathway comparably more attractive. However, if decision-makers are
reasonably confident that natural gas prices will not be high, then the
mass pathway likely minimizes cost for Kansas.

Table 6-4

Comparative incremental CPP policy costs to Kansas (§ billion) in present value
terms {2015-2030) and as a percentage of the reference costs under
subcategory-rate (RU} and existing-mass (MX) pathways

Set Background Assumptions Policy Cost {$8)
ROCPolicy GasPrice WindCost Transm. U.S.C0O,Cap CoalLife Load
1 istend Low Ref Ref None Ref Ref
2 Mix1 Ref Ref None Ref Ref
Mix2HP fef Ref None Ref Ref
3 Istand Ref Ref None Ref Ref
MixL Ref Ref None Ref Ref
Mix2HP Ref Ref None Ref Ref
Mix1 Ref None Ref Ref
Mix2HP Ref None Ref Ref
Mix1 Ref None Ref Ref
Mix2HP Ref None Ref Ref
4 Mix1 None Ref Hef
Mix2HP Low None Ref Ref
Mixl Low None Ref Ref
Mix2HP Low None Ref Ref
Mix1 High Ref N = None
Mix2ZHP High Ref | KSIN = None
Mix1 Low Ref 80% by 2050
Mix2HP Low Ref 80% by 2050
Mixl High Ref 80% by 2050
Mis2HP High Ref 80% by 2050
Mix1 Low Ref None
Mix2HP Low Ref Ref None
Mix1 Low Ref Ref None
Mix2HP Low Ref Ref None

Table 6-4 shows incremertal compliance costs through 2030 (insteéad of
through 2050 like Table 6-3). The higher costs through 2030 for many
scenarios reflects the cost profile of capital investments over time. The
reference scenarios for Kansas often involve large expenditures after
2030, which mean that the incremental comipliance costs of the CPP are
frequently higher in earlier periods.
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Section 7: Summary

M

Key Takeaway 1: Neither
the mass- nor rate-based
Clean Power Plan pathway
dominates for Kansas
across all scenarios.

The analysis by the Eleciric Power Research Institute investigates state-
level Clean Power Plan choices in Kansas. It focuses on existing-mass and
subcategory-rate CPP pathways with and without market participation
inder a range of sensitivities.

EPRI’'s US-REGEN model was used to compare CPP results to reference
scenarios (i.e., without the CPP) to understand tradeoffs between Kansas’
planning options. In addition to rate and mass pathways, the analysis
considers alterfiate trading scenarios to understand how reliance on in-
state measures versus participation in multi-state emissions trading
markets influence outcomes.

Kansas’ business-as-usual generation mix without the CPP would likely be
out of compliance with mass and rate targets for many periods and
scenarios (Figures 3-4 and 3-5), which means the state would have to take
additional measures (either changes to the fleet or purchases of
allowances/ERCs) to close this compliance gap. Regardless.of gas prices,
planned wind capacity installations in Kansas through 2018 help with
rate-based compliance and give additional lead time before incremental
CPP-related investments have to be made toward 2030. Although these
new builds would aid compliance in early periods, additional effort would
be needed to reach later goals.

The analysis suggests that strong cases can be made for mass- and rate-
based pathways, though neithér path dominates. Results are driven
strongly by the comparative incentives of building new natural gas
combined cycle (NGCC) units relative to wind. When gas prices are low,
new NGCC units may be built under reference conditions, which would
likely make existing-mass (implemented with leakage provisions per
the proposed federal plan) a lower cost CPP pathway for Kansas. This
conclusion is robust to key uncertainties (Figure 6-11), including pathway
selections elsewhere, more stringent post-2030 climate policies, existing
asset lifetimes, and load projections.

When gas prices are high and/or wind costs are low, the economics of new
wind capacity in Kansas are favorable even without the CPP due to the
state’s high resource potential, Exports under these conditions increase
considerably, and the subcategory-rate pathway would align more
closely with these investments,
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Key Takeaway 2
Encouraging trading lowers
costs in Kansas
considerably compared
with strategies that rely on
in-state measures only.

Htarae e

Depending on how uncertainties resolve, the primary elements of CPP
compliance strategies for Kansas could include:

s Lowering coal in-state generation through retiremerts and/or
lower utilization (Figure 5-4 and 5-5)

« Constructing new natural gas combined cycle or wind capacity to
comply with the state’s chosen mass or rate pathway (Figures 5-3
and 6-3)

« Trading COz allowances or emission rate credits if mass- or rate-
based pathways are chosen by the state, respectively (Figures 5-7
and 6-4)

Given uncertainty about pathway selections by other states, rate-based
trade involves lower variability in total compliance costs (Table 6-3) and
in-state capacity retirements {(Figure 5-5). Increases in trade activity
beyond 2030 are largely exports from Kansas, which are highest under
high wind deployment scenarios and rate-based compliance.

A second primary takeaway is that encouraging multi-state credit trading
lowers compliance costs for Kansas compared with “island” scenarios that
implement in-state measures alone, The magnitude of this cost reduction
from access to national trading markets (Tables 6-3 and 6-4) and impact
onin-state capacity investments: (Figures 5-3 and 6-3) depend on state
pathway selections elsewhere. Despite these benefits, inter-state trading
entails a tradeoff with increased nncertainty about the pace of market
development, liquidity, volatility, and exposure to additional forces
external to Kansas, Based on gas prices and wind deployment, Kansas
could be a net importer or net exporter of credits on secondary markets.
Market participation may increase in-state coal generation, though CPP
scenarios show increased retirements and lower utilization of coal assets
relative to the reference scenario.

Additional factors beyond cost can-favor a mass-based pathway selection
for Kansas, including:

s Lower incremental policy costs if low gas prices obtain: If
decision-makers are reasonably confident that natural gas prices
will not be high, then the existing-mass pathway likely minimizes
cost for Kansas (Figure 6-11).

+ Flexibility to use initial allowance alloeations

« Administrative simplicity and familiarity (i.e.,, relative to
the ereation and certification process for emissions rate credits
under a rate-based plan)

Factors beyond cost that potentially favor a rate-based path include:
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« Timing of investments: New generation capacity investments
under mass compliance must start earlier and requires greater
deployment than the rate pathway for Kansas (Figure 4-4). The
mass pathway requires new NGCC investments in 2024. Near-
term planned wind capacity investments align with rate-based
compliance and would likely preclude new CPP-related
investments until 2030. This provides extra time to observe
market developments before committing to a non-market path to
CPP compliance.

» Disruption of the current generation mix: 2030 generation
under rate-based pathways more closely resemble values from the
reference scenario for Kansas (Figure 5-4).

+ Volatility in compliance costs and capacity installations:
Model results suggest lower volatility in compliance costs under
rate compliance relative to mass (Figure 6-11) depending on the
sensitivity CPP pathway selections in other states,

Small cost differences between mass-and rate scenarios under a range of
scenarios will increase the importance of these other criteria for CPP
pathway selection.

The flexible compliance options ander the CPP make decision-making
more complex, requiring optimization and economic modeling tools to
understand tradeoffs and impacts. Regional heterogeneity means that
there is not a dominant approach for all states, and the interdependence
of states actions means that decisions must be evaluated simultaneously.
The US-REGEN framework captures interactions between states and their
simultaneous optimizing behavior subject to CPP targets. This analysis
suggests that representing market interactions for electricity, CO;
allowances, and emission rate credits is important in assessing economic
impacts and compliance alternatives of policies like the CPP.

Potential impacis of rate- and mass-based complianee plans vary based

o assumed roarket conditions like natural sas prices, CPP pathway
Hofees noother states owind costs, transmission, and coal retirements
Figure 6-11), Given unceriainty about these factors, which are largely

independent from pathway decisions, the option to ame athway
selection as more information beeomes available would help tolimi
complizpee costs. Consideration of this flexibility for a state to switeh
complisnes pathways from masstorate {or vice versa) over time could
allow states 1o meet CPP goals while reducing cost uncertainty,

Although the analysis offers valuable insights for state-level CPP decision-
making, model approximations and incomplete system dynamics suggest
that it should not be construed as a definitive determination of CPP
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with the CPP.'® 1t can be expected that each state’s preferred portfolio of
compliance measures (e.g., in-state actions and market participation) will
be informed by a range of factors, including in-state compliance costs, risk
tolerance, local incentives, and assumptions about market liquidity and
participation. Likewise, actual deployment may depend on additional
factors {e.g., policy, permitting, and uncertainty) that fall outside of the
scope of this economic modeling and analysis.

18 For instance, US-REGEN does not include all costs incurred by coal units as they age
(e.g., unit commitment constraints are not included in this version of the model),
Including such costs could influence retirements.
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Appendix A: US-REGEN Model
Description

The U.8. Regional Economy, Greenhouse Gas, and Energy (US-REGEN)
model was developed by the Electric Power Research Institute.’® The
power sector for the Lower 48 U.S. states with a dynamic computable
general equilibrium (CGE) model of the national economy,?e The two
models are solved iteratively to allow policy impacts on the electric sector
to account for economic responses (and viceversa), which means US-
REGEN can assess awide-broad range of energy and environmental
policies.
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Figure A-1
Location of wind resources by state in US-REGEN

19 Additional detail can be found in US-REGEN Model Documentation 2014, EPRI
Technical Update #3002004693 (available online at http://eea.epri.com/models.html),

20 The CGE model of the U8, economy includes representations of the residential,
commercial, industrial, transportation, and fuels processing sectors,
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The Clean Power Plan analysis in this report uses the electric-sector-only
version of US-REGEN. The model contains detail to simultaneously
capture capacity investment (including co-optimized transmission) and
dispatch decisions for all 48 states in the contiguous United States, The
forward-looking, long-term capacity planning model optimizes
investments through 2050 to find the least cost way to meet load.
Customizable regions and timesteps can be tailored to the needs of
specific research questions. For all Clean Power Plan analyses, the model
uses three-year timesteps through 2030 and five-year steps between 2030
and 2050.

The model simultaneously determines a cost-minimizing solution for all
48 states subject to technical and policy-related constraints. US-REGEN's
spatial and temporal detail ensure resource adequacy for each state and
capture market dynamies not only for electricity but also for CPP-related
trading of allowances (for mass-complying states) and emission rate
credits {for rate-complying states).

Hourly renewable resource data come from AWS Truepower and provide
synchronous time-series values with load. Figure A-1 illustrates wind
resource-data in the Lower 48 U.S. states represented in the model, and
Figure A-2 shows the wind resouree potential for Kansas, assuming
80/100-meter hub heights, The joint variability of load, wind, and solar in
this analysis is based on meteorclogy from 2010,
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Figure A-2

State-level wind resource potential (MW) in Kansas by capacity factor (%)

US-REGEN employs an innovative algorithm to capture the hourly joint
variability of load, wind, and solar profiles in a long time horizon model.
This algorithm selects “representative hours” to preserve key

LAZ >




I i

distributional requirements for regional time-series data with a two-
orders-of-magnitude reduction in dimensionality, This procedure
provides between 50 and 100 intra-annual segments for system dispatch
andload balancing in each annual timestep. This approach sisnifiesnily
outperforms simple-heuristic selection procedures that focus on
representing the load duration curve at the expense of other renewable
time-series data. Figure A-3 compares how US-REGEN’s “representative
hour” approach compares to the “seasonal average” approach,

Solar Resource Duration Curve for Texas
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Figure A-3

Comparison of US-REGEN's representative-hour algorithm output (red) for the
salar resource duration curve comparison for Texas with the underlying hourly
data (black) and the seasonal-average approach (blug)

US-REGEN models a wide range of CPP compliance options in the power
sector, including endogenous heat rate improvements, endogenous energy
efficiency, detailed renewable resource reépresentations, redispatch,
options for existing coal (e.g., co-firing, conversion to gas or biomass, CCS
retrofits), and many others.

The reference scenario assumptions are detailed in Section g, All
scenarios use fuel prices from the 2015 Annual Energy Outlook (EIA,
2015). The natural gas price trajectory comes from the 2015 AEO high
estimated ultimate recovery (HEUR) case, as shown in Figure A-4. Also
shown in Figure A-4 are updated fuel price paths from the ARO 2016, The
2016 reference is closer to the AEQO 2015 HEUR case.
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Figure A-4

Natural gas price paths over time ($ per MMBtu, real terms) for the low and high
gas prices in the analysis (solfd fines) and updated AEQ 2016 values (dotted)

EPRI technology costs and limitations (e.g., on the rate and extent of
transmission and nuclear deployment) are used. In line with AEQ 2015
assumptions, there are no forced retirements for existing coal units in the
reference case, though retirements for economic reasons are possible in
any period. Endogenous relivement degisions inthe model weizgh the
discounted sum of polvng-forward costs of maitntaining and overatin
existing capiial against anticipated revennes, Withoot sub-state resolution
.., the model does not capture Intra-state ansodssion), US-REGEN
retiremenisare driven primarily by undb-specific heat rates ratherthan by
loeational issues,

Technology cost and performance assumptions come from the most
recent EPRI Integrated Generation Technology Options report. Solar and
wind costs are updated more regularly. Capital costs for onshore wind in
Kansas decline from $1,967/kW in 2018 to $1,693/kW in 2030, which
includes a one-time $450 per kW charge to reflect incremental intra-
regional transmission investment. Utility-scale solar PV capital costs
decrease to $1,280/kW by 2030, including the same one-time hookup and
network changes. Transmission between regions can be added at a cost of
$3.85 million per mile for a notional high-voltage line (e.g., 500 KV AC or
800 kV DC) 1o transfer 6,400 MW of capacity.
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Figure A-5
US-REGEN capital cost trajectories (bands represent regional differences)

All scenarios include most existing and known future state and federal
policies and regulations. Updated state renewable portfolio standards.are
included along with federal policies like MATS and CWA § 316(b). Other
state policies include California’s AB 32 and the Regional Greenhouse Gas
Initiative (RGGI) for eastern states. The Clean Air Act § 111(b) CO.
performance standards are included in the analysis,

Federal 2015 tax extenders adopted by Congress for wind or solar are
included in the analysis. Rooftop solar is modeled as a separate
technology “behind the meter” (i.e., rooftop generation receives the retail
price for electricity) in California.
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Appendix B: Abbreviations

Table B-1
Abbreviations and acronyms used in this report

Anna! Energy Outlook

Cleanfrdet L .
Computable Generation Equilibrium

Clean Power Plan
Energy Efﬂciency
Electric Generati Is] mt
Environmental Protection Agency
“'Electrtc Ficzwer Resear
~ Emission Rate Credit
G:gawatts
Investment Tax Credit and Production Tax Credit
Mass Existing (i.e., CPP pathway)
Natural Gas Combined Cycle
‘ NaturalCas Turbine
New Source Compiement
‘‘‘‘‘‘ ased Set-Aside
» ountry
Renewable Energy
RGGI Regvonal Greenhouse Gas lnmatwe

RPS Renewable Portfolio Standard
Rate Unit (i.e,, CPP pathway, sometsmes referred to as

‘subcategory rate’)
TWh TerrawattHours
Us-
REGEN us. Regsona Economy, Greenhouse Gas, and Enargy
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Cumulative Capacity Additions in 2030 (Kansas)
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