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STATEMENT OF LIMITATIONS

In preparation of this Study, Burns & McDonnell Engineering Company, Inc. (BMcD) has relied upon
information provided by Midwest Energy, Inc. (MWE) and other third parties. While BMcD has no
reason to believe that the information provided, and upon which BMcD has relied, is inaccurate or
incomplete in any material respect, BMcD has not independently verified such information and cannot

guarantee its accuracy or completeness.

Estimates and projections prepared by BMcD relating to performance, construction costs, and operating
and maintenance costs are based on experience, qualifications, and judgment as a professional consultant.
Since BMcD has no control over weather, cost and availability of labor, material and equipment, labor
productivity, unavoidable delays, construction contractor’s procedures, construction contractor’s method
of determining prices, economic conditions, government regulations and laws (including interpretation
thereof), competitive bidding, or other factors affecting such estimates or projections, BMcD does not
guarantee the accuracy of its estimates or predictions. Actual rates, costs, performance, schedules, etc.,

may vary from the data provided.
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1.0 EXECUTIVE SUMMARY

1.1 Introduction

Midwest Energy, Inc. (MWE) is a rural cooperative that provides service to over 50,000 electric and
42,000 natural gas customers throughout portions of central and western Kansas. MWE is based out of
Hayes, Kansas. MWE’s service area covers 40 counties in central and western Kansas. MWE provides
energy and capacity to its members through owned resources and power supply contracts. MWE is
governed by a member-elected board, any new PPA or generation builds need to be vetted and approved
by the board. MWE has several power supply contracts with Westar Energy (Westar) that are set to
expire. The expiration of Units Most Likely (UML) contract in May of 2017 and the Jeffrey Energy
Center (JEC) PPA in 2025 are driving MWE’s need for capacity resources. MWE requested that Burns &
McDonnell Engineering Company, Inc. (BMcD) perform a long-term resource planning study (Study) to
evaluate power supply options available to fulfill future needs. New build resources, existing resource
purchases, and various power purchase agreements (PPA) were all considered to provide reliable, low

cost, and environmentally compliant power to MWE customers. .

It will also supplement some of the information contained in the IRP and be provided to the
Western Area Power Administration (“WAPA”) in compliance with the requirements stemming
from the hydro-power allocation made available to Midwest Energy, Inc. Specifically, this
Update and Summary, along with the original IRP and its associated Appendices, is intended to
comply with the Western Area Power Administration Energy Planning and Management

Program and Section 114 of the Energy Policy Act of 1992.

1.2 Conclusions

Based on the analysis conducted herein, BMcD provides the following conclusions and observations:

1. Electric Power Industry Review

a. The electric power industry continues to be a target of increased regulations regarding water,
coal combustion by-products, and air emissions.

b. Overall, the power industry has experienced continued interest in wind and solar development.
This interest is driven by technological advancements, which have lowered costs and
increased energy production, as well as subsidies through tax incentives and renewable
standards. The development of wind has been particularly robust in the Southwest Power

Pool.

Midwest Energy, Inc. 1-1 Burns & McDonnell
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c. Specific to MWE’s power supply, the most immediate area of need will be fulfilling load
requirements that are currently served by the Westar UML PPA when the contract expires at
the end of May 2017.

2. Technology Assessment
a. A new resource technology assessment was conducted, evaluating the following new
resources:
i. Natural gas-fired combined cycle, simple cycle, and reciprocating engine power plants
ii. Resources were considered in which MWE may have the opportunity to self-develop and
build or participate in a larger facility as a minority owner or power off-taker.
3. Economic Analysis

a. Utilizing the information above, BMcD and MWE developed several scenarios to evaluate
impacts to MWE’s power supply. The scenarios focused on near-term and mid-term
requirements driven by the expiration of the UML contract and the expiration of the JEC
PPA.

b. The economic analysis indicates that a new power supply resource, such as a natural gas-based
peaking or intermediate resource, would be more economical for MWE’s power supply
portfolio than extending the JEC PPA.

4. Recommendation and Next Steps

a. MWE should continue to monitor regulations that have potential to impact their power supply
portfolio regarding water, coal combustion by-products, and air emissions.

b. MWE may consider inquiring with its members about implementation of additional demand
and energy reduction programs that may be able to reduce costs associated with power
supply. If desired, a more robust cost/benefit evaluation, that includes a thorough
investigation of potential participation and a customer survey, would be required.

¢. MWE may consider the next steps in regards to replacing the UML contract including
negotiations of a mid-term, peaking/intermediate power purchase agreement with Westar or
Dogwood.

d. A PPA appears to provide MWE lower cost and greater flexibility in determining long-term
Clean Power Plan compliance without the deployment of capital. A mid-term PPA will allow
MWE time and flexibility to determine its long-term power supply path.

e. A combined cycle gas turbine appears to provide lower overall power supply costs compared
to extending the JEC PPA under similar terms. Therefore, MWE should continue to evaluate

potential combined cycle opportunities that may be available. These opportunities may

Midwest Energy, Inc. 1-2 Burns & McDonnell
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include participation in a combined cycle resource through a PPA, co-ownership, or self-

build resource.
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2.0 INTRODUCTION

2.1 Introduction

Midwest Energy, Inc. (MWE) is a rural cooperative that provides service to over 50,000 electric and
42,000 natural gas customers throughout portions of central and western Kansas. MWE is based out of
Hayes, Kansas. MWE’s service area covers 40 counties in central and western Kansas. A map of

MWE’s electric service area is presented in Error! Reference source not found..

Figure 2-1: MWE Service Area
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MWE provides energy and capacity to its members through owned resources and power supply contracts.
MWE participates in Westar Energy (Westar) owned Jeffrey Energy Center (JEC) and has a separate
Units Most Likely (UML) power purchase agreement with Westar. The expiration of UML in May of
2017 and JEC participation in 2025 are driving MWE’s need for capacity resources. MWE requested that
Burns & McDonnell Engineering Company, Inc. (BMcD) perform a long-term resource planning study
(Study) to evaluate power supply options available to fulfill future needs. New build resources, existing
resource purchases, and various power purchase agreements (PPA) were all considered to provide

reliable, low cost, and environmentally compliant power to MWE customers.
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2.2 Study Organization

This Study is organized into several sections as follows:

e Section 1.0 Executive Summary: Provides an executive summary and an introduction of the
Study.

e Section 2.0 Provides a general review of the overall electric power industry.

e Section 4.0 Technology Assessment: Provides detailed discussion and costs associated with the
development and construction of new power generation resources.

e Section 5.0 Economic Evaluation: Assesses the overall power supply costs to MWE over a 20-

year period from 2016 to 2035, and evaluates varying power supply options and sensitivities.

2.3 MWE Power Supply Review

MWE supplies energy and capacity to its customers through owned resources and power supply contracts.
MWE’s total coincident peak load projection for 2016 is approximately 335 megawatts (MW). This
projection includes a reduction of 20 MW due to existing demand side management (DSM) programs.
This projection excludes reserve margin requirements of 13.64 percent, which is prescribed by SPP.
MWE is currently forecasting long-term load growth around 1.0 percent, which is in line with other utility
estimates in the region. The following summarizes MWE’s existing power supply portfolio for meeting

load and energy requirements:

e Owned resources

o Goodman Energy Center (natural gas) 103 MW
o Colby CT (natural gas) 13 MW
o Bird City (diesel) 2 MW
e Power purchase agreements

o Westar — Jeffrey Energy Center (coal) 150 MW
o Westar — Units Most Likely (coal/natural gas) 155 MW
o Western Area Power Administration (hydroelectric) 3 MW

o Westar (wind) 50 MW
o Smoky Hill Wind Farm (wind) 50 MW

As shown by the list above, MWE has a diverse power supply portfolio consisting of natural gas, coal,
wind, and hydroelectric resources. Goodman Energy Center (GEC) was recently expanded and currently
consists of 12 natural gas-fired reciprocating engines. Colby CT and Bird City are seldom dispatched
peaking units. Bird City is expected to retire in 2019. MWE’s Jeffrey Energy Center (JEC or Jeffrey)

Midwest Energy, Inc. 2-5 Burns & McDonnell
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and Units Most Likely (UML) power purchase agreements (PPA) with Westar are both set to expire
during the 20-year study period for this analysis (with the UML expiring in 2017 and JEC expiring in
2025). These Westar PPAs represent over 70 percent of MWE dispatchable resources and will need to
either be extended or replaced for MWE to comply with SPP reserve margin requirements. Western Area
Power Administration (WAPA) hydroelectric provides MWE with emission free energy at approximately
30 percent capacity factor, the current contract runs through 2024. The two wind contracts provide MWE
members with a sizable amount of renewable energy, however they are only accredited with

approximately 10 percent of their nameplate capacity.

A balance of loads and resources (BLR), based on the load forecast and existing MWE resources, is
presented in the following appendicies. Based on existing resources and current load projections, MWE
will be capacity deficit by approximately 100 MW to 130 MW from 2017 to 2024 due to UML
expiration. The deficit increases to approximately 290 MW to 340 MW from 2025 to 2036 due to JEC
expiration.

Figure 2-2: MWE Balance of Loads and Resources
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24 Public Participation in Resource Planning

Midwest Energy is a customer-owned cooperative. That means the company is entirely focused
on meeting the needs of its customer-owners, without the distraction of meeting the needs of a
separate group of owners not served by the cooperative. The actions taken by Midwest Energy
are governed by a member-elected Board of Directors. Their involvement includes review of the
annual and long-term business plans, review/approval of the annual budget, updates on progress
in the operation of all facets of the business, approval of plans to change rates, etc.

This approval process includes the Integrated Resource Plan itself, as well as decisions to
execute contracts, build major new facilities, borrow funds, and other strategic decisions. As
elected representatives of the customer-owners, their objective is to ensure that the Cooperative

acts in the best interests of the customer-owners.

In regard to the IRP, federal regulations also require that Midwest Energy post its updates or
revisions to its IRP for public review and comments. Historically, Midwest Energy has updated
its resource plans at intervals of roughly three years. The most recent update was completed in

2016, and submitted to WAPA for review and publication in 2017.

As a further aid to customer involvement and understanding, various programs are presented

during the Annual Meeting of Members of Midwest Energy. In connection with this process, Midwest
Energy also published the IRP on its web site, with a reference found on the home page. The first of these
programs provided an overview of the energy efficiency programs utilized by Midwest Energy, including
the How$mart® program. Interest in this program remains high, as evidenced by the strong participation
of customers and national recognition of the program itself. A number of questions about the program

were asked and answered during the presentation.
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2.3.1 MWE Demand Side Management
The following list provides a discussion of the DSM and energy efficiency programs that MWE is

currently implementing to help reduce peak demand and overall energy consumption.

e How$mart® — The How$mart® program provides free energy efficiency improvements for
MWE customers in good standing. The service includes upgrades to insulation, air sealing, new
heating and cooling systems, and commercial lighting. All of these upgrades are provided at no
upfront cost to the customer. These upgrades are installed by participating contractors and are
paid for through a charge on the customer’s energy bill, where per the agreement the charge is
not to exceed the customer’s estimated savings due to the efficiency improvements. By
participating in How$mart® the customer can expect to save an average of $10 per month on
their MWE bill.

e Energy Audit Services - MWE offers a wide array of energy efficiency auditing services to its
customers, including but not limited to: blower door testing, home energy ratings, HVAC sizing,
and building infrared scanning.

e Irrigation Incentive Rates — These rates have been designed to have a higher demand charge
during peak hours. This pricing incentivizes farmers to run their irrigation equipment during
off-peak hours.

e Irrigation Pump Curtailment — In addition to the more general irrigation incentive rates, MWE
provides irrigation customers with the option to enter into a Load Control Service Agreement,
where the customer will curtail pumping load during certain “curtailment events.” Participation

in the program results in bill credits from MWE.

MWE should continue to explore and potentially invest in DSM programs that help reduce peak demand

and show economic benefits for their customers.

2.4 Environmental Impact Summary

While significant debate continues about the science behind the global warming issues, the utility
industry has already seen a significant impact on resource planning. It is quite clear that it will

be increasingly difficult to construct new coal-fired generating resources, and that emissions
restrictions on existing coal plants will continue to tighten. Though the appetite for so-called
cap-and-trade programs appear to have diminished for now, it remains prudent to factor these
issues into any resource planning program. The IRP does exactly that, testing a number of

different regulation and cost scenarios to develop portfolio recommendations that stand up to a
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variety of outcomes.

Fuel Type - For now, natural gas seems to be the preferred fuel for new dispatchable generation
facilities. This too was factored into the development of the IRP. In fact, as noted above, the new

generation proposed for further consideration by Midwest Energy is all gas-fired.

CO2 Emission Liability - An increasing concern regarding global climate change has put specific
emphasis on the carbon intensity associated with different power generating resource options.
Although coal-fired generation remains one of the most efficient sources of power generation, its
potential environmental impacts pose a growing concern to the public and utility planners alike.
Moreover, the potential advent of significant costs associated with CO2 emissions constitutes a

major risk for coal plant owners.

Water Supply — Siting of new generation, particularly in the Midwest Energy zone, needs to take
into consideration of the lack of a stable long-term water supply. Any generation requiring large

water quantities are probably not a favorable solution.

2.5 Action Plan Update

The plan of action was built on the outlook for the period 2016 through 2030. Most of the
significant recommendations provided in the IRP are intended to be implemented in the 2016-
2017 timeframe, except for those related to additions of economic wind energy and solar energy,
which extend beyond 2020. The specific Action Plan items recommended in the IRP and their

current status are summarized below:

e Negotiate PPAs: By the beginning of 2017, finalize negotiations of new PPAs for UML type
contracts with the preferred supplier. Due to the attractiveness of owned peaking
resources, UML contracts should be negotiated with the shortest lengths possible.

e Evaluate Renewable Energy Expansion: Current Production Tax Credits for
renewable generation and reduction of PPA costs associated with both Solar and Wind
continue to make renewable a viable economic alternative. Exploration of further
expanding Midwest’s renewable portfolio should be considered in the 2016-2020

timeframe, in particular prior to the expiration or phasing out of the existing PTCs.
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* GHG Emissions Reductions: Protect Midwest Energy as much as possible against imprudent
risk management of carbon and fuel cost exposures. Prudent management language
should be included in new contractual arrangements.

o The terms of the long-term power supply agreements include terms consistent with these

recommendations.

Significant steps will be taken in 2016-2025 to address the following:

e Re-assessment of load forecast and resulting need for capacity.

e  Market conditions for capacity purchases.

e Need for short-term additions to the supply portfolio to meet growing demand.

e Assessment of current technologies available for new generation constructed by Midwest
Energy.

o Continued expansion of the utilization of demand side resources as a key element in meeting
load obligations.

e Siting, permitting, and financing requirements for new generating resources.
o  With regards to the possible development of new generating resources by Midwest Energy,
current planning envisions completion of these steps during 2022, with a decision regarding
the construction of new generating resources to be made by the end of 2022 or early in 2023.
o This will coincide with the expiration of the bridging agreement contemplated in this IRP.
Market conditions and the value placed on capacity will factor heavily in the decision to

build

A Resource Plan is intended to be a living document. As such, it is imperative that Midwest
Energy continually assess its progress in regard to the actions proposed in the IRP, and that it be
prepared to modify and adapt the plan as conditions change. The IRP completed in 2016 will not
have an indefinite life. It is anticipated that enough exogenous conditions will change that the

IRP will need to be completely redone as early as 2019.

Although not an all-inclusive list, the following issues could change substantially over the next
2-4 years, and thereby impact the validity of the current IRP:
o Prices for natural gas and coal, including transportation;

o Emissions requirements for both coal-fired and gas-fired generating resources, existin and new;
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o Inception of new climate control legislation, including cap-and-trade protocols, emissions
allowance trading, etc.

o Technology developments related to emissions control, unit efficiency or capital cost changes;

o Retirement of existing generating units;

o Changes in customer energy use patterns, efficiency/conservation practices, and overall load
growth;

o Further penetration of demand-side management technologies and customer acceptance;

o Development of additional renewable generating resources on a regional or national basis, as
well as technology improvements in wind, solar and other so-called green resources;

o Continued appetite for transmission grid expansion;

o General economic factors, including interest rates, access to capital, and customer preferences.

Midwest Energy will use several metrics to assess whether its business practices are consistent
with the current IRP. For example, it will obviously continue to measure the energy sales and
demand requirements of its customer base, and comparing those requirements to available
generating resources. In both the long-term and the near-term this will play a significant role in a

determination of the need for additional generation capacity, either owned or purchased.
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3.0 ELECTRIC POWER INDUSTRY REVIEW

The following provides a review of overall electric power industry trends, the Southwest Power Pool

(SPP) energy market, and Midwest Energy, Inc.’s (MWE) current power supply.

3.1 Overall Electricity Industry Trends
The electricity industry continues to be impacted by numerous trends. The following provides a brief

discussion of the overall trends that are currently impacting electric utilities and generators.

e Environmental regulations: Both federal and state environmental regulating agencies continue to
pursue more stringent environmental regulations regarding emissions from power generating
facilities, specifically coal-fired power plants.

e Clean Power Plan: One of the most controversial regulations from the Environmental Protection
Agency (EPA), the Clean Power Plan (CPP), targets a reduction in carbon dioxide (CO>)
emissions. This regulation was recently stayed (postponed indefinitely) by the United Sates
(U.S.) Supreme Court as appeals to the rule work their way through the lower court system.

e Low natural gas prices: Natural gas prices remain low as production continues to outpace
demand requirements. However, industry forecasts, such as U.S. Energy Information
Administration’s (EIA) Annual Energy Outlook (AEO), appear to be fairly robust with price
increases around five percent per year.

e Continued renewable development: The use of wind and solar resources continues to increase.
Many state and federal regulators continue to pursue increased renewable portfolio and energy
requirements. Federal renewable tax credits, which heavily incentivize both wind and solar
generation, received a multi-year extension by the United States Congress at the end of 2015.

e Relatively low load growth: While much of the U.S. has seen economic growth since the
economic recession in the 2008 and 2009 timeframe, the recovery of demand and energy has
been much slower. Increased conservation programs have also contributed to lower load
growth.

e Low wholesale market energy prices: The combination of low natural gas prices, increased
renewable development, and relatively low load growth has kept wholesale market energy prices
low compared to historical averages.

e Coal-fired retirements: With the combination of all of the above factors, the investment in
costly environmental compliance solutions at coal-fired power plants has reduced the overall

economic benefit of coal-fired generation. Across the United States nearly 80 gigawatts (GW)
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of coal-fired retirements have occurred, are pending, or have been announced; representing
approximately 25 percent of the total coal fleet.

e Increased interest in “firm” natural gas pipeline capacity: A number of factors including coal-
fired retirements, recent extreme winter weather, and increased dependence of natural gas for the
electric industry have led to increased interest in firm capacity. If firm natural gas transport

contracts are required for power generators, it could increase the cost of production significantly.

3.11 Southwest Power Pool Energy Market

Southwest Power Pool initiated its integrated marketplace on March 1, 2014. On October 1, 2015,
Western Area Power Administration (WAPA), Basin Electric Cooperative, and Heartland Consumers
Power District officially joined SPP and were integrated into SPP’s transmission system. The SPP

market is made up of numerous utilities operating in 14 states as presented in Figure 3-1.
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Figure 3-1: SPP Market Area
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Source: Intro to SPP Presentation

The SPP market has a wide range of capacity and energy resources including fossil fuel, renewable, and

nuclear generation. The 2015 capacity and energy mix of resources within SPP is presented in Figure
3-2.
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Figure 3-2: SPP Capacity and Energy Resource Mix
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Wholesale electricity markets are increasingly more mature and utilities are becoming more comfortable
with market operations. It is common for utilities today to acquire all of their energy from the market and

sell energy from their resources into the market when it is accepted for dispatch. The past few years have
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seen wholesale energy prices decline significantly when compared to the 2000 to 2008 timeframe. The

decline in pricing is due to several factors including:

e Economic downturn and relatively slow economic and load growth
e Significant addition of wind resources (approximately 2 GW in 2007 to approximately 12 GW in
2015)

e Low pricing of natural gas
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4.0 TECHNOLOGY ASSESSMENT

4.1 Introduction

As part of the Study, BMcD was tasked with refreshing the cost and performance estimates of new power
generation assets that had been previously prepared for MWE. These new assets were evaluated
alongside power supply request for information (RFI) proposals to provide capacity that satisfies MWE

load requirements as part of the economic evaluation in Section 5.0.

The costs and evaluation presented with this technology assessment is screening-level in nature and
includes a comparison of technical features, cost, performance, and emissions characteristics of the
following technologies. The costs presented herein do not represent budgetary capital costs, rather they
focus on the difference between the options and as a comparison against each other and the potential
demand charges associated with the PPAs under consideration. Any technology options that appear to be

economical should be further screened with more detailed cost estimating studies.

4.2 Technologies Evaluated

BMcD evaluated several natural gas-fired resources consisting of combined cycle gas turbines, simple
cycle gas turbines, and reciprocating engines. Based on BMcD’s experience, the technologies selected
for evaluation represent appropriately sized options that are mature technologies and commercially
available to MWE for its power supply portfolio, either through a self-build development or a power

purchase agreement.

e Simple cycle gas turbine (SCGT) technology:
o One (1) frame combustion turbine plant that included a single GE “F-class” combustion
turbine with an output of approximately 205 MW in summer conditions.
o One (1) aeroderivative combustion turbine plant that included a single combustion turbine
(GE LMS100) with an output of approximately 94 MW in summer conditions.
o One (1) aeroderivative combustion turbine plant that included a single combustion turbine
(GE LM6000) with an output of approximately 42 MW in summer conditions.
e Internal combustion reciprocating engine technology:
o Twelve (12) reciprocating engines (Wartsild 20V34SG engines were the basis), each
approximately 9 MW in output for a total of approximately 110 MW.
o Six (6) reciprocating engines (Wartsild 18V50SG engines were the basis), each
approximately 18 MW in output for a total of approximately 110 MW.
e Combined cycle gas turbine (CCGT) technology:
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o A2x] “F-class” CCGT was evaluated based on GE 7F.05 gas turbines. The output is
approximately 785 MW in summer conditions (fully fired).

o A lxl “F-class” CCGT was evaluated based on GE 7F.05 gas turbines. The output is
approximately 385 MW in summer conditions (fully fired).

4.3 Study Basis and Assumptions

The following provides an outline of the general scope basis and assumptions utilized within this
technology assessment to develop the capital costs, operation and maintenance (O&M) costs, and
performance estimates for each of the technologies evaluated. 0 provides a detailed matrix of the results,

scope, and assumptions used within this Study for the technology assessment.

4.3.1 General Assumptions

The assumptions below govern the overall approach of the Study:

e  All estimates are screening-level in nature and do not reflect guaranteed costs.
e All information is preliminary and should not be used for engineering and construction purposes.
e All capital costs exclude escalation and are presented in “overnight” costs in 2015 U.S. dollars.
e Estimates assume an Engineer, Procure, Construct (EPC) contract basis.
e Performance ratings for a generic site in Kansas based on the following conditions:
o Elevation: 1,976 ft.
o Winter ambient conditions: 39°F and 59 percent relative humidity (RH)
o Annual average ambient conditions: 59°F and 60 percent RH
o Summer ambient conditions: 90°F and 48 percent RH
e All performance assumes new and clean equipment.
e The options assume natural gas operation only.
e Natural gas is assumed to be available on site at adequate pressure, flow, and quality.
e Fuel and power consumed during commissioning are included within Owner’s costs.
e Piling is included under heavily loaded foundations.
e Raw water is assumed to be available at the site boundary.
e Waste water is assumed to be discharged off-site. Wastewater treatment facilities are excluded.
e Demolition or removal of hazardous materials is not included.
e Emissions estimates are based on a preliminary review of Best Available Control Technology

(BACT) requirements.
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4.3.2

o Based on less than 10 percent capacity factor, it is assumed that selective catalytic reduction
(SCR) and carbon monoxide (CO) catalysts are not required for LM6000 or “F-Class” simple
cycle options.

o SCR and CO catalyst are assumed to be included on the reciprocating engine, LMS100, and

combined cycle options.

EPC Project Indirect Costs

The following project indirect costs are included in capital cost estimates:

4.3.3

Performance testing and continuous emissions monitoring system (CEMS)/stack emissions
testing (where applicable)

Pre-operational testing, startup, startup management and calibration

Construction/startup technical service

Engineering and construction management

Freight

Startup spare parts

EPC fees

EPC contingency (assumed 5 percent of all EPC costs)

Owner’s Costs

Allowances for the following Owner’s costs are included in the pricing estimates:

Project development

Owner’s operations, project management, startup engineering personnel
Owner’s engineering

Operator training

Legal fees

Permitting/licensing

Construction power, temporary utilities, startup consumables
Site security

Operating spare parts

230 kV switchyard is included.

Political concessions and/or area development fees

Permanent plant equipment and furnishings

Midwest Energy, Inc. 4-3 Burns & McDonnell



Long-Term Resource Planning Technology Assessment

e Builder’s risk insurance at 0.45 percent of EPC cost.

e Owner’s contingency at 5 percent of total costs for screening purposes

4.3.4 Cost Estimate Exclusions

The following costs are excluded from all estimates:

e Financing fees (however, included in the economic evaluation presented later)

e Interest during construction (IDC) (however, included in the economic evaluation presented
later)

e Sales tax

e Property tax and property insurance

e  Off-site transmission upgrades (however, included in the economic evaluation presented later)

e Other off-site infrastructure unless stated above (however, included in the economic evaluation

presented later)

4.3.5 Operations and Maintenance Assumptions

Operations and maintenance estimates are based on the following assumptions:

e O&M costs are based on typical capacity factors for the technologies.

e  O&M costs are in 2015 USD.

e O&M estimates exclude emissions credit costs, property taxes, or insurance.

e Fixed O&M cost estimates include labor, office and administration, training, contract labor,
safety, building and ground maintenance, communication, and laboratory expenses.

 Fixed costs assume full time equivalent (FTE) personnel are hired at each site at a fully
burdened cost of approximately $115,000 per person.

e Where applicable, variable O&M costs include routine maintenance, makeup water, water
disposal, reagents, SCR replacements, and other consumables not including fuel.

e Fuel costs are excluded from O&M estimates.

e Major maintenance costs are shown separately from variable O&M, as applicable.

e Major maintenance assumes that a Long Term Service Agreement (LTSA) is in place with the
original equipment manufacturer (OEM).

e Performance estimates do not consider degradation over the operating life of the plant.
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4.4 Simple Cycle Gas Turbine Technologies

4.4.1 General Description

A simple cycle gas turbine plant utilizes natural gas to produce power in a gas turbine generator. The gas
turbine (Brayton) cycle is one of the most efficient cycles for the conversion of gaseous fuels to
mechanical power or electricity. Also, gas turbine manufacturers continue to develop high temperature
materials and cooling techniques to allow higher firing temperatures of the turbines, resulting in increased

efficiency.

Typically, simple cycle gas turbines are used for peaking power due to their fast load ramp rates and
relatively low capital costs. However, the units have high heat rates (lower efficiency) compared to
combined cycle and coal-fired technologies. Simple cycle gas turbine generation is a widely used, mature

technology.

Typical simple cycle plants operate with natural gas as the primary operating fuel. Often, the ability to
operate on fuel oil is also required in case the demand for power exists when the natural gas supply does

not. This assessment does not include dual fuel capability as an option.

Evaporative coolers can be used to cool the air entering the gas turbine by evaporating additional water
vapor into the inlet air, which increases the mass flow through the turbine and therefore increases the gas

turbine output. Evaporative coolers are included with all gas turbines in this assessment.

4.41.1 Frame Gas Turbines

Frame turbines are typically used in intermediate to baseload applications. In simple cycle
configurations, these engines typically have higher heat rates (lower efficiency) when compared to
aeroderivative engines. The smaller frame units generally have simple cycle heat rates of more than
10,000 Btu/kWh (higher heating value (HHV)) while the largest proposed units will have heat rates
approaching 9,250 Btu/kWh (HHV). However, frame units have higher exhaust temperatures (=1,200°F)
compared to aeroderivative units (~850°F), making them more suitable for combined cycle operation

where exhaust energy is further utilized.

Frame engines are offered in a large range of sizes by multiple suppliers, including GE, Siemens,
Mitsubishi, and Alstom. Commercially available frame units range in size from approximately 50 MW to
approximately 330 MW. The continued development by gas turbine manufacturers has resulted in the
separation of gas turbine technology into various classes, grouped by output and heat rate. For the

purposes of this assessment, BMcD is evaluating an “F-class” turbine.
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4.41.2 Aeroderivative Gas Turbines

Aeroderivative gas turbine technology is based on aircraft jet engine design, built with materials that
allow for increased turbine cycling. The output of commercially available aeroderivative turbines ranges
from less than 20 MW to 100 MW in generation capacity. In simple cycle configurations, these machines
typically operate more efficiently than larger frame units and are also capable of shorter ramp-up and

turndown times, making them ideal for peaking and load following applications.

Aeroderivative turbines are considered mature technology and have been used in power generation
applications for decades. These machines are commercially available from several vendors, including
General Electric (GE), Siemens owned Rolls Royce, and Mitsubishi-owned Pratt & Whitney (PW). This

assessment bases aeroderivative performance estimations on the GE LM6000 and GE LMS100.

4.4.2 SCGT Performance and Cost Results

The performance and cost estimates are presented in 0 for the simple cycle technologies.

4.4.3 SCGT Emissions Controls

Emissions levels and required NO, and CO controls vary by technology and site constraints. Historically,
natural gas SCGT peaking plants have not required post-combustion emissions control systems because
they operate at low capacity factors. However, permitting trends suggest post-combustion controls may
be required depending on annual number of gas turbine operating hours, proximity of the site to a non-

attainment area, and current state regulations.

In addition, there is a New Source Performance Standard (NSPS) limit for NOx emissions measured in
parts per million, independent of operating hours. Per NSPS, units with heat inputs below 850 MMBtu/hr
have a NOy limit of 25 ppm, but units with heat inputs greater than 850 MMBtu/hr have a NOx limit of 15

“F-class” gas turbines use dry low NOx (DLN) combustors to achieve NO, emissions of 9 ppm at 15
percent oxygen (Oz) while operating on natural gas fuel. The heat input is greater than 850 MMBtu/hr,
but since these units emit less than 15 ppm NOj, no selective catalytic reduction (SCR) is assumed to be

required.

The LM6000 and LMS100 units utilize water injection to achieve NOy emissions of 25 ppm at 15 percent
O while operating on natural gas fuel. Because the LM6000 unit has a heat input below 850 MMBtu/hr,
it meets the appropriate 25 ppm NOy limit and therefore it is assumed that an SCR is not required. The
LMS100 requires an SCR since its heat input is greater than 850 MMBtu/hr.
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Oxidation catalysts can be used to reduce CO emissions, but they are not expected to be required for the
SCGT plant options due to the limited hours of operation. Sulfur dioxide emissions are not controlled
and are therefore a function of the sulfur content of the fuel burned in the gas turbines. CO, emissions are
estimated to be 120 Ibs/MMBtu. Outside of good combustion practices, there is no expectation that CO»,

PM, and volatile organic compounds (VOC) levels will require emissions control equipment.

Most turbine manufacturers will guarantee emissions down to a specified minimum load, commonly 40
percent to 60 percent load. Below this load, turbine emissions may spike. As such, emissions on a ppm

basis may be significantly higher at low loads.

4.4.4  SCGT Startup Time and Ramp Rates

An attribute commonly desirable of aeroderivative SCGT’s is the ability to start and ramp up load
quickly. Most manufacturers guarantee 10 minute starts even in cold start conditions, measured from the
time the start sequence is initiated to when the unit is at 100 percent load. However, this assumes that all

start permissives are met, which can include lube oil temperature, fuel pressure, etc.

A standard start time for an “F-class” turbine is approximately 30 minutes. However, 10 minute “fast
start” packages are commonly available from the manufacturer. These control packages allow the frame
startup times to compete with the aeroderivative turbines, but the major maintenance costs may also be

impacted, depending on the OEM and the conditions of the service agreement.

Aeroderivative turbines generally have higher ramp rates than frame turbines, which means they can
increase or decrease load more quickly. For example, an SCGT with a 25 percent per minute ramp rate

can ramp up from 50 percent load to full load in two minutes

4.45 SCGT O&M Cost Estimate
O&M costs for each SCGT option are presented in 0. General assumptions for fixed and variable O&M

costs are listed in Section 4.3.5.

Major maintenance costs for gas turbine generators (GTG) are commonly expressed in terms of dollars
per start or dollars per operating hour, depending on how the plant is operated. For frame turbines, the
$/GTG-hr costs are assumed to be used if there are more than 27 operating hours per start. If there are
fewer than 27 operating hours per start, major maintenance is assumed to be governed by the $/start cost.
Aeroderivative units are typically not impacted by the number of starts, so the major maintenance costs

are evaluated on a $/GTG-hr basis.
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Fixed costs assume additional personnel are required to operate the plant. Variable costs include routine
maintenance, makeup water, and other consumables not including fuel. The aeroderivative units consume
water for NOx control and power augmentation. However, the F class units do not require water for
emissions control, and do not require evaporative cooling during average ambient conditions, so they

consume no water during normal operation.
4.5 Reciprocating Engine

4.5.1 General Description

The internal combustion reciprocating engine operates on the four-stroke Otto cycle (natural gas fuel) or
Diesel cycle (diesel fuel) for the conversion of pressure into rotational energy. In the Otto cycle, fuel and
air are injected into a combustion chamber prior to its compression by the piston assembly of the engine.
A spark ignites the compressed fuel and air mixture causing a rapid pressure increase that drives the
piston downward. In the Diesel cycle, the compression stroke is only compressing air. The fuel is then
injected into the cylinder and ignition results from the heat of compression, rather than a spark. In both
cycles, the piston is connected to an offset crankshaft, thereby converting the linear motion of the piston
into rotational motion that is used to turn a generator for power production. By design, cooling systems
are typically closed-loop, minimizing water consumption. Emissions controls are generally accomplished
with a combination of lean cycle combustion through fuel to air ratio control, as well as secondary control

options such as SCR equipment.

Many different vendors, such as Wirtsild, Fairbanks Morse, Caterpillar, Kawasaki, and Mitsubishi offer
reciprocating engines and they are becoming popular as a means to follow renewable generation with
their quick start times and operational flexibility. There are slight differences between manufacturers in
engine sizes and other characteristics, but all largely share the common characteristics of quick ramp rates

and quick start up.

For the Study, the Wirtsild 20V34SG and 18V50SG natural gas engines were evaluated. These heavy
duty, medium speed, four-stroke combustion engines are easily adaptable to grid-load variations. Each

engine plant is assumed to include approximately 110 MW total net output.

4.5.2 Reciprocating Engine Performance and Cost Results
The performance and cost estimates are presented in 0 for the reciprocating engine technologies. The

engines are evaluated based on natural gas operation. Fuel oil backup is not included.
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4.5.3 Reciprocating Engine Emissions Controls

In addition to good combustion practices, it is expected that reciprocating engines will require SCR and
CO catalysts to control NOx and CO emissions. For engines operating on natural gas, CO, emissions are
estimated to be 120 Ibs/MMBtu. Sulfur dioxide emissions are not controlled and are therefore a function

of the sulfur content of the fuel burned in the gas turbines.

4.5.4 Reciprocating Engine O&M Cost Estimate
O&M costs for reciprocating engines are presented in 0. General assumptions for fixed and variable

O&M costs are listed in Section 4.3.5.

O&M costs are derived from vendor-supplied information and BMcD project experience. Variable O&M
includes minor maintenance and consumables such as lube oil and SCR reagent. Catalyst replacement
costs are embedded within major maintenance costs, which are presented on a per engine basis. There is

no water consumption during normal operation except for maintaining water levels in the radiators.
Fixed costs for the option assume additional personnel are added to operate the plant.

4.6 Combined Cycle Technology
Based on recent technological advancements from the turbine manufacturers, large combined cycle units
have been able to capture larger economies of scale and improved efficiencies compared to later model

combustion turbines.

4.6.1 General Description

The basic principle of the combined cycle gas turbine plant is to utilize natural gas to produce power in a
gas turbine which can be converted to electric power by a coupled generator, and to also use the hot
exhaust gases from the gas turbine to produce steam in a heat recovery steam generator (HRSG). This
steam is then used to drive a steam turbine and generator to produce electric power. Additional natural
gas can be fired in the HRSG to increase steam production and associated output for peaking load, a
process commonly referred to as duct firing. The heat rate will increase during duct fired operation,
though this incremental duct fired heat rate is generally comparable or less than the resultant heat rate

from a similarly sized SCGT peaking plant.

The use of both gas and steam turbine cycles (Brayton and Rankine) in a single plant to produce
electricity results in high conversion efficiencies and low emissions. Combined cycle facilities have

efficiencies typically in the range of 52 percent to 60 percent on a lower heating value (LHV) basis. Gas

Midwest Energy, Inc. 4-9 Burns & McDonnell



Long-Term Resource Planning Technology Assessment

turbine manufacturers continue to develop high temperature materials and material cooling techniques to

raise the firing temperature of the turbines and increase the efficiency.

Continued development by gas turbine manufacturers has resulted in the separation of gas turbine
technology into various classes, grouped by output and heat rate. For this assessment, BMcD evaluated a

2x1 and 1x1 CCGT plant using a representative turbine from the “F -Class” technology.

Combined cycle plants are a mature technology, but technological advances continue, driven by
efficiency, output, and competition. Each major OEM has incrementally improved its frame engine
technology platforms to increase output and efficiency while lowering heat rate. Improved material
design allows for higher firing temperatures and increased output in the emerging advanced class
turbines. In addition, recent “F-Class” turbine design modifications have been driven largely toward
faster startup times and operational flexibility, including peaking power capabilities and reduced load

operation for off-peak turndown.

The 2x1 F-Class CCGT has a nominal output of approximately 785 MW (summer rating).
Approximately 613 MW is attributable to baseload operation with the remaining capacity coming from
duct firing. The 1x1 F-Class CCGT has a nominal output of approximately 385 MW (summer rating).
Approximately 300 MW is attributable to baseload operation with the remaining capacity coming from

duct firing.

4.6.2 Combined Cycle Performance and Cost Results
The performance and cost estimates are presented in 0 for the combined cycle technology. The CCGT is

evaluated based on natural gas operation. Fuel oil backup is not included.

4.6.3 Combined Cycle Emissions Controls
The “F-class” gas turbines can achieve NOy emissions at 9 ppm down to minimum emissions compliant

load (MECL).

An SCR will be required for the CCGT options to reduce NOx emissions to 2 ppm at 15 percent excess
02. With an SCR, the estimated emissions rate for NO, is 0.01 Ib/MMBtu. It is anticipated that a CO
catalyst will also be required to reduce CO emissions. This assessment assumes CO emissions will be

controlled to 2 ppm CO at 15 percent O,.

The use of an SCR and CO catalyst requires additional site infrastructure. An SCR system injects

ammonia into the exhaust gas to absorb and react with NO, molecules. This requires on-site ammonia
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storage and provisions for ammonia unloading and transfer. The costs associated with these requirements

have been included in this assessment.
For the CCGT options, CO, emissions are estimated to be 120 Ib/MMBtu.

Sulfur dioxide emissions are not controlled and are therefore a function of the sulfur content of the fuel
burned in the gas turbines. Sulfur dioxide emissions of a CCGT plant are very low compared to coal
technologies, and the emission rate of sulfur dioxide for a combined cycle unit is estimated to be less than

0.01 Ib/MMBtu.

4.6.4 Combined Cycle O&M Cost Estimate
O&M costs for reciprocating engines are presented in 0. General assumptions for fixed and variable

O&M costs are listed in Section 4.3.5.

O&M costs are derived from vendor-supplied information and BMcD project experience. Variable O&M
includes minor maintenance and consumables such as lube oil and SCR reagent. Catalyst replacement
costs are embedded within major maintenance costs, which are presented on a per combustion turbine
basis. Water consumption estimates are included in 0. Water consumption estimates account for
evaporative coolers, cycle makeup, and cooling tower makeup. Water costs assume that an on-site water

treatment facility is included.
Fixed costs for the option assume additional personnel are added to operate the plant.

4.7 Technology Assessment Summary
Table 4-1 presents the technology assessment summary for natural gas-fired technologies evaluated. The

full details of the technology assessment are presented in 0.

4.8 Environmental Impact Summary

While significant debate continues about the science behind the global warming issues, the utility
industry has already seen a significant impact on resource planning. It is quite clear that it will

be increasingly difficult to construct new coal-fired generating resources, and that emissions
restrictions on existing coal plants will continue to tighten. Though the appetite for so-called
cap-and-trade programs appear to have diminished for now, it remains prudent to factor these
issues into any resource planning program. The IRP does exactly that, testing a number of
different regulation and cost scenarios to develop portfolio recommendations that stand up to a

variety of outcomes.
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Fuel Type - For now, natural gas seems to be the preferred fuel for new dispatchable generation
facilities. This too was factored into the development of the IRP. In fact, as noted above, the new

generation proposed for further consideration by Midwest Energy is all gas-fired.

CO2 Emission Liability - An increasing concern regarding global climate change has put specific
emphasis on the carbon intensity associated with different power generating resource options.
Although coal-fired generation remains one of the most efficient sources of power generation, its
potential environmental impacts pose a growing concern to the public and utility planners alike.
Moreover, the potential advent of significant costs associated with CO2 emissions constitutes a

major risk for coal plant owners.

Water Supply — Siting of new generation, particularly in the Midwest Energy zone, needs to take
into consideration of the lack of a stable long-term water supply. Any generation requiring large

water quantities are probably not a favorable solution.

4.9 Action Plan Update

The plan of action was built on the outlook for the period 2016 through 2030. Most of the
significant recommendations provided in the IRP are intended to be implemented in the 2016-
2017 timeframe, except for those related to additions of economic wind energy and solar energy,
which extend beyond 2020. The specific Action Plan items recommended in the IRP and their

current status are summarized below:

e Negotiate PPAs: By the beginning of 2017, finalize negotiations of new PPAs for UML type
contracts with the preferred supplier. Due to the attractiveness of owned peaking
resources, UML contracts should be negotiated with the shortest lengths possible.

e Evaluate Renewable Energy Expansion: Current Production Tax Credits for
renewable generation and reduction of PPA costs associated with both Solar and Wind
continue to make renewable a viable economic alternative. Exploration of further
expanding Midwest’s renewable portfolio should be considered in the 2016-2020

timeframe, in particular prior to the expiration or phasing out of the existing PTCs.
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° GHG Emissions Reductions: Protect Midwest Energy as much as possible against imprudent
risk management of carbon and fuel cost exposures. Prudent management language
should be included in new contractual arrangements.

o The terms of the long-term power supply agreements include terms consistent with these

recommendations.

Significant steps will be taken in 2016-2025 to address the following:

e Re-assessment of load forecast and resulting need for capacity.
e Market conditions for capacity purchases.
* Need for short-term additions to the supply portfolio to meet growing demand.
e Assessment of current technologies available for new generation constructed by Midwest
Energy.
 Continued expansion of the utilization of demand side resources as a key element in meeting
load obligations.
e Siting, permitting, and financing requirements for new generating resources.
o With regards to the possible development of new generating resources by Midwest Energy,
current planning envisions completion of these steps during 2022, with a decision regarding
the construction of new generating resources to be made by the end of 2022 or early in 2023.
o This will coincide with the expiration of the bridging agreement contemplated in this IRP.
Market conditions and the value placed on capacity will factor heavily in the decision to

build

A Resource Plan is intended to be a living document. As such, it is imperative that Midwest
Energy continually assess its progress in regard to the actions proposed in the IRP, and that it be
prepared to modify and adapt the plan as conditions change. The IRP completed in 2016 will not
have an indefinite life. It is anticipated that enough exogenous conditions will change that the

IRP will need to be completely redone as early as 2019.

Although not an all-inclusive list, the following issues could change substantially over the next
2-4 years, and thereby impact the validity of the current IRP:
o Prices for natural gas and coal, including transportation;

o Emissions requirements for both coal-fired and gas-fired generating resources, existin and new,
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o Inception of new climate control legislation, including cap-and-trade protocols, emissions
allowance trading, etc.

o Technology developments related to emissions control, unit efficiency or capital cost changes;

o Retirement of existing generating units;

o Changes in customer energy use patterns, efficiency/conservation practices, and overall load
growth;

o Further penetration of demand-side management technologies and customer acceptance;

o Development of additional renewable generating resources on a regional or national basis, as
well as technology improvements in wind, solar and other so-called green resources;

o Continued appetite for transmission grid expansion;

o General economic factors, including interest rates, access to capital, and customer preferences.

Midwest Energy will use several metrics to assess whether its business practices are consistent
with the current IRP. For example, it will obviously continue to measure the energy sales and
demand requirements of its customer base, and comparing those requirements to available
generating resources. In both the long-term and the near-term this will play a significant role in a

determination of the need for additional generation capacity, either owned or purchased.
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Table 4-1: Technology Assessment Summary

2x1F Class 1x1F Class 1xF Class 1x LMS100 1xLM6000 | 12x Wartsila | 6 x Wartsila

PROJECT TYPE Fully Fired Fully Fired SCGT SCGT SCGT 20V34SG 18V50SG
BASE PLANT DESCRIPTION
Number of Gas Turbines 2 1 1 1 1 12 6
Number of Steam Turbines 1 1 0 0 0 0 0
Fuel Design Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas Natural Gas
Technology Rating Mature Mature Mature Mature Mature Mature Mature
ESTIMATED CCGT PERFORMANCE (Summer Peak)
Base Load Performance @ 90°F, 48% RH
Net Plant Output, kW 612,800 299,700 204,600 93,500 42,300 109,800 110,300
Net Plant Heat Rate, Btu/kWh (HHV) 6,600 6,750 9,930 9,120 9,720 9,030 8,930
Heat Input, MVBtu/h (HHV) 4,050 2,030 2,030 850 410 990 980
Incremental Duct Fired Performance @90°F, 48% RH
Incremental Net Plant Output, kW 171,900 85,700 NA N/A N/A NA N/A
Incremental Net Plant Heat Rate, Btu/kWh (HHV) 8,590 8,070 NA N/A N/A N/A N/A
Incremental Heat Input, MVBtu/h (HHV) 1,470 690 NA N/A N/A N/A N/A
ESTIMATED CAPITAL AND O&M COSTS
EPC Projects Cost, 2015 MM$ (w/o Owner's Costs) $520 $326 $105 $117 $60 $111 $108
Owner's Costs, 2015 MM$ $66 $49 $22 $19 $15 $18 $16
Total Project Costs, 2015 MM$ $586 $375 $127 $136 $75 $129 $125
Total Project Costs, 2015 $/Unfired kW $900 $1,170 $600 $1,330 $1,610 $1,180 $1,130
Total Project Costs, 2015 $/Fired kW $720 $930 N/A N/A N/A N/A N/A
FIXED O&M COSTS
Fixed O&M Cost, 2015$/kW-Yr $8.30 $13.60 $7.30 $11.40 $31.70 $11.70 $9.50
GAS TURBINE MAJOR MAINTENANCE COSTS
Levelized Major Maintenance Cost, 2015$/GT-hour $400 $400 $400 $400 $190 $20 $50
Levelized Major Maintenance Cost, 2015$/GT-Start $15,000 $15,000 $15,000 N/A N/A NA N/A
NON-FUEL VARIABLE O&M COSTS
Variable O&M Cost, 2015$/MWh (excl. major maint.) $1.60 $1.70 $0.90 $4.30 $7.10 $3.90 $3.00
Incr. Duct Fired Variable O&M, 2015$/MWh (excl. major maint.) $1.50 $1.40 NA N/A N/A N/A N/A

5.0 ECONOMIC EVALUATION

The following section provides the assumptions, methodology, and results of the economic evaluation.

5.1 General Power Supply Assumptions

The analysis began with the development of baseline assumptions and constraints applicable to MWE.

The following general assumptions were used:

®  The study period covers 20 years, from 2016 through 2035.

e The general escalation rate was assumed to be 2.5 percent.
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* MWE’s interest rate for financing was 3.75 percent in 2015, and increased by 0.1 percent per
year to a maximum of 4.75 percent in 2025.

® New resources were financed over 30 years with 60 percent debt and 40 percent equity.

o The return on equity was assumed to be 9.91 percent.

e The discount rate was assumed to be 6.21 percent,

® Resource options were assumed to be dispatched into the SPP integrated marketplace.
These assumptions, and others described herein, served as a basis for the economic analysis.

5.2 Load Forecast

SPP requires that all members conduct an annual load forecast that has a well-defined methodology.
MWE’s annual forecast was developed internally by MWE. The load forecast was based on a projection
from July 2015 for MWE’s demand and energy requirements through 2025; thereafter peak demand was
escalated at 1.0 percent and the energy was escalated by 1.5 percent annually. The forecasts for demand
and energy are summarized on an annual basis over the study period in Figure 5-1. The load forecast
does include 10 MW of wholesale load through 2017 and a reduction of 20 MW due to DSM throughout
the study period.
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Figure 5-1: MWE Load Forecast
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5.3 Balance of Loads and Resources

As described above in Section Error! Reference source not found., MWE has a number of resources to
meet its capacity reserve margin requirements. A BLR based on the load forecast and resources that
MWE will have available to meet its obligations are presented in Figure 5-2. MWE must maintain a
reserve margin of 13.64 percent, a number which is prescribed by SPP. Based on existing resources and
current load projections, MWE will be capacity deficit by over 100 MW after the expiration of the UML
Westar contract in 2017. The various resource selections evaluated to fill MWE’s capacity deficit are

covered in Section 5.6.
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Figure 5-2: MWE Existing Resources Balance of Loads and Resources
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54 Power Supply Options

In addition to the new, self-build power supply options discussed in Section 4.0, proposals received from

a recent power supply RFI were also included as part of the economic evaluation. Table 5-1 summarizes

the RFI proposals that were considered in this Study.

Table 5-1: RFI Proposal Summary

Proposal Resource Type Capacity

Airstream Peaking PPA 153 MW/161 MW
Dogwood Intermediate Ownership 150 MW
Invenergy Intermediate PPA 150 MW
Southern Company Peaking PPA 150 MW

Tradewind Peaking PPA 112 MW/168 MW
Westar Peaking PPA 130 MW
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Levelized cost of electricity (LCOE) screening curves were then developed to help determine which
assets, both new and RFI proposal options, would be carried forward into scenarios for analysis. Figure
5-3, Figure 5-4, and Figure 5-5 show the LCOE for each resource considered at varying capacity factors.
The lower cost resources, those identified with markers on the screening curves, were chosen to be
included in Section 5.6 Scenario Development.

Figure 5-3: Peaking PPA Resources LCOE
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Figure 5-4: Peaking Self-Build Resource LCOE
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Figure 5-5: Intermediate Resource LCOE
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5.5 Forecasts

In order to conduct a long-term resource planning assessment for power supply, several forecasts have to
be developed for evaluation. For this Study, BMcD developed key forecasts for fuel costs and wholesale
market energy prices using reputable publicly available sources. The following sections provide a
summary of the forecasts developed and utilized within this Study. Further details of the forecasts are

presented in Appendix C.

5.5.1 Fuel Cost Forecast

BMcD utilized projected information regarding natural gas fuel cost developed by the U.S. Department of
Energy’s Energy Information Administration. Coal fuel costs were based off historical Jeffrey Energy
Center pricing and escalated by EIA’s long-term coal forecast. Figure 5-6 presents both the base natural

gas and coal fuel forecasts.
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Figure 5-6: Fuel Cost Forecasts
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Varying natural gas prices was performed as a sensitivity analysis and provides for a more robust
evaluation to determine whether different resource paths appear more favorable under alternate economic

forecasts. Figure 5-7 presents the high (+20 percent) and low (-10 percent) natural gas price sensitivities

utilized in this study.
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Figure 5-7: Sensitivity Natural Gas Cost Forecasts
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5.5.2 Market Energy Cost Forecast
BMcD utilized historical market heat rate information from the SPP wholesale energy market, combined

with the natural gas forecasts, to approximate the overall market price of energy. Figure 5-8 presents the

market energy cost forecast utilizing the base fuel forecast costs. The market energy price was adjusted

for variations in natural gas pricing within the sensitivity evaluation.

Midwest Energy, Inc. 5-23 Burns & McDonnell



Long-Term Resource Planning Economic Evaluation

Figure 5-8: Market Energy Cost Forecast
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5.6 Scenario Development

BMcD and MWE developed distinct scenarios, or power supply paths, with specific options for MWE to
meet projected power supply requirements. These scenarios focused on addressing the capacity deficits
created by the expiration of the UML Westar contract in 2017 and the Jeffrey Energy Center contract in
2025. Six specific scenarios were developed and are presented in Table 5-2. Figure 5-9 presents a

graphical illustration of the six scenarios, with the resources that are common to all scenarios summarized

at the top.
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Table 5-2: Scenario Summary

Scenario | Power Supply Selections

1 2017-2023: 130 MW Westar SCGT PPA
2024+ 190 MW 2x1 F Class CCGT
2025+: 150 MW JEC Extension

5 2017+: 150 MW Dogwood 2x1 CCGT
2025+: 150 MW JEC Extension
2017-2018: 130 MW Westar SCGT PPA

3 2019-2033: 150 MW Southern Co. SCGT PPA
2025+: 150 MW JEC Extension
2017-2018: 130 MW Westar SCGT PPA

4 2019-2024: 205 MW F Class SCGT
2025+: Convert SCGT to 385 MW 1x1 F Class CCGT
2017-2023: 130 MW Westar SCGT PPA

5 2024+: 165 MW Reciprocating Engines
2025+: 150 MW JEC Extension
2029+: 55 MW Reciprocating Engines

6 2017-2023: 130 MW Westar SCGT PPA
2024+ 385 MW 1x1 F Class CCGT
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Long-Term Resource Planning

Scenario Summary

Figure 5-9
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A BLR for each of the scenarios was developed and is presented in Appendix C. Figure 5-10 presents the

BLR for Scenario 6 as an illustrative example.

Figure 5-10: BLR for Scenarios 6
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5.7 Power Supply Analysis

For each of the scenarios, BMcD simulated the power supply resources utilizing PROMOD, an hourly
dispatch software, over the 20-year study period. PROMOD simulates the dispatch of power supply
resources available to meet MWE’s load requirements. UML Westar and WAPA Hydro resources were
dispatched directly to MWE load, all other existing and new resources were dispatched against SPP
market energy prices. When dispatched, those units would generate revenues within the SPP energy
market, offsetting their cost of generation. The power supply analysis evaluated the total cost of
generation including fuel, O&M costs, and capital recovery less any market revenues for each scenario.
Existing debt and capital recovery were considered sunk costs and not included within the analysis. The
total power supply costs over the 20-year period were brought back to a single net present value for

comparison. Table 5-3 presents the net present value for each scenario under base case assumptions. The
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percent difference included in Table 5-3 illustrates how much higher cost each scenario is compared to

the low cost scenario.

Year
2016

Scenario 1

Table 5-3: Base Case Results

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

2017

130MW Westar SCGT
PPA

150MW Dogwood 2x1.
CCGT

130MW Westar SCGT
PPA

130MW Westar SCGT
PPA

130MW Westar SCGT
PPA

130MW Westar SCGT
PPA

2018

2019

150MW Southern Co.
SCGT PPA

205MW SCGT

2020

2021

2022

2023

2024

190MW 2x1 CCGT

165MW Reciprocating

Engines

385MW 1x1 CCGT

2025

150MW JEC Extension

150MW JEC Extension

150MW JEC Extension

Convert SCGT to
385MW 1x1 CCGT

150MW JEC Extension

2026

2027

2028

2029

55MW Reciprocating
Engines

2030

2031

2032

2033

2034

2035

NPV

$1,216,814,762

$1,209,680,426

$1,226,902,949

$1,185,451,040

% DIFF

2.76%

2.16%

3.61%

0.11%

$1,280,205,700 $1,184,110,941
8.12% 0.00%

Figure 5-11 breaks down the total net present value into fixed O&M, PPA capacity charge, capital

recovery, and variable cost components. Detailed PROMOD result summaries are included in Appendix

D.
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Figure 5-11: Net Present Value Breakdown: 2016-2035
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As presented in Table 5-3, Scenario 6, participation in a short-term Westar SCGT PPA followed by a
large “F-class” combined cycle gas turbine in the mid-2020s, provides the lower total power supply costs
based on the net present value. Scenario 4, which replaces the Westar SCGT PPA with a “F-class” simple
cycle gas turbine in 2019 before converting that unit to a combined cycle in the mid-2020s, comes in just
behind Scenario 6 based on net present value. A short-term PPA does not have any capital risk and
allows MWE to have flexibility in determining long-term carbon regulation compliance. Extending the
contract with Jeffrey Energy Center, installing more reciprocating engines, or going with one of the other

PPA options presents a higher projected power supply cost than the “F-class” technologies.

5.8 Sensitivity Analysis
In order to gauge the robustness of the base assumptions, BMcD conducted a sensitivity analysis by

varying several key assumptions, including:

e Natural gas
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o Natural gas prices were varied by +20 percent and -10 percent, as presented in Figure 5-12.
This impacted the cost of fuel to the natural gas-fired resources, the cost of the energy under

the PPAs, and the price of market energy.

Figure 5-12: Natural Gas Sensitivity
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e (Carbon
o A carbon sensitivity was performed to approximate the impact of future carbon regulations.
$10/ton cost of CO, was added in 2022, this cost increased to $25/ton by 2030 and escalated
by the general escalation rate from 2030 to the end of the study period. These carbon cost

projections are shown in Figure 5-13.
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Figure 5-13: Carbon Sensitivity
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e  Market capacity sales
o Sell capacity in excess of MWE’s reserve margin requirements. This excess capacity was
valued at the cost of “F-class” SCGT capacity charges, which is the same price market
capacity was purchased at when MWE was deficit
e Interest rate
o Increase the interest rate by 1 percent. This interest rate was used in all capital recovery

calculations.

The sensitivity analysis was conducted on all scenarios. Table 5-4 presents the net present value for each
of the sensitivities. The percent difference illustrates how much higher cost each scenario is compared to
the low cost scenario for each sensitivity. Scenario 6 demonstrates robustness and remains the low cost
option in four of six sensitivities. In the remaining two sensitivities, +20 percent natural gas and market

capacity sales, Scenario 6 is still within one percent of the low cost NPV.
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Table 5-4: Sensitivity Analysis Summary

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
Base Case
NPV | $1,216,814,762 $1,209,680,426 $1,226,902,949 $1,185,451,040 $1,280,205,700 $1,184,110,941
% DIFF 2.76% 2.16% 3.61% 0.11% 8.12% 0.00%
-10% Natural Gas
NPV | $1,197,216,877 $1,191,103,370 $1,202,328,981 $1,149,098,390 $1,258,005,222 $1,148,357,782
% DIFF 4.25% 3.72% 4.70% 0.06% 9.55% 0.00%
+20% Natural Gas
NPV | $1,247,793,649 $1,238,541,475 $1,267,816,840 $1,252,868,679 $1,316,250,507 $1,250,478,473
% DIFF 0.75% 0.00% 2.36% 1.16% 6.27% 0.96%
CO, Cost
NPV | $1,375,528,111 $1,370,493,099 $1,396,296,906 $1,275,217,554 $1,444,260,737 $1,261,679,242
% DIFF 9.02% 8.62% 10.67% 1.07% 14.47% 0.00%
Market Capacity Sales
NPV $1,195,139,965 $1,192,190,928 $1,211,666,994 $1,130,456,662 $1,256,454,121 $1,135,578,583
% DIFF 5.72% 5.46% 7.18% 0.00% 11.15% 0.45%
+1% Interest Rate
NPV $1,222,881,282 $1,215,511,589 $1,226,902,949 $1,202,784,188 $1,287,213,250 $1,199,729,179
% DIFF 1.93% 1.32% 2.26% 0.25% 7.29% 0.00%
5.9 Economic Evaluation Conclusions

The following provides conclusions and observations of the economic evaluation based on the

assumptions and analysis herein:

Under base case assumptions:

a. Scenario 6, which includes a peaking resource PPA from Westar and a self-build 1x1 CCGT

unit, represents the lowest cost option of those evaluated.

b. Scenario 4 has nearly the same overall cost as Scenario 6. Scenario 4 assumed a self-build

SCGT unit was constructed and then later converted to a CCGT unit.

c. The scenarios which include the extension of JEC (Scenario 1, Scenario 2, Scenario 3, and

Scenario 5) are higher cost than those that assume the JEC PPA is not extended (Scenario 4

and Scenario 6).

d. Both the Dogwood facility and the Westar SCGT PPA provide lower costs compared to the

other resources from the RFI results.

e. Scenario 5, which includes the JEC extension and reciprocating engines, is the highest cost

scenario.

2. Sensitivity evaluation:
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a. Scenario 6 is the low cost path for four out of the six sensitivity analyses conducted, including
the base case, low natural gas and market, CO2 cost, and increased interest rate.

b. Scenario 2 is the low cost path for the high natural gas and market case, as both the Dogwood
resource and JEC are able to capture increased profitability from higher market prices.

c. Scenario 4 is the low cost path when including market capacity sales, since this option has

excess capacity beyond MWE’s anticipated reserve requirements.
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6.0 CONCLUSIONS
Based on the analysis conducted herein, BMcD provides the following conclusions and observations:

1. Electric Power Industry Review

a. The electric power industry continues to be a target of increased regulations regarding water,
coal combustion by-products, and air emissions.

b. Overall, the power industry has experienced continued interest in wind and solar development.
This interest is driven by technological advancements, which have lowered costs and
increased energy production, as well as subsidies through tax incentives and renewable
standards. The development of wind has been particularly robust in the Southwest Power
Pool.

c. Specific to MWE’s power supply, the most immediate area of need will be fulfilling load
requirements that are currently served by the Westar UML PPA when the contract expires at
the end of May 2017.

2. Technology Assessment
a. A new resource technology assessment was conducted, evaluating the following new
resources:
i. Natural gas-fired combined cycle, simple cycle, and reciprocating engine power plants
ii. Resources were considered in which MWE may have the opportunity to self-develop and
build or participate in a larger facility as a minority owner or power off-taker.
3. Economic Analysis

a. Utilizing the information above, BMcD and MWE developed several scenarios to evaluate
impacts to MWE’s power supply. The scenarios focused on near-term and mid-term
requirements driven by the expiration of the UML contract and the expiration of the JEC
PPA.

b. The economic analysis indicates that a new power supply resource, such as a natural gas-based
peaking or intermediate resource, would be more economical for MWE’s power supply
portfolio than extending the JEC PPA.

4. Recommendation and Next Steps

a. MWE should continue to monitor regulations that have potential to impact their power supply
portfolio regarding water, coal combustion by-products, and air emissions.

b. MWE may consider inquiring with its members about implementation of additional demand

and energy reduction programs that may be able to reduce costs associated with power
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supply. If desired, a more robust cost/benefit evaluation, that includes a thorough
investigation of potential participation and a customer survey, would be required.

c. MWE may consider the next steps in regards to replacing the UML contract including
negotiations of a mid-term, peaking/intermediate power purchase agreement with Westar or
Dogwood.

d. A PPA appears to provide MWE lower cost and greater flexibility in determining long-term
Clean Power Plan compliance without the deployment of capital. A mid-term PPA will allow
MWE time and flexibility to determine its long-term power supply path.

€. A combined cycle gas turbine appears to provide lower overall power supply costs compared
to extending the JEC PPA under similar terms. Therefore, MWE should continue to evaluate
potential combined cycle opportunities that may be available. These opportunities may
include participation in a combined cycle resource through a PPA, co-ownership, or self-

build resource.
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Midwest Energy Resource Plan Cost Summary

Data ltem Units Description 2016 2017, 2018 2019 2020
ENERGY REQUIREMENTS MWH MWE 1,776,003 1,849,016 1,784,981 1,814,904 1,849,008
PEAK DEMAND MW MWE 381 3901 393 308 403
CAPACITY MW 2x 1 CCGT Self-build [ 0 o o 0
CAPACITY MW Bird ity 2 2 2 2 0
CAPACITY Mw Colby 13 13 13 13 13
MW Goodman Energy Center 76 76 76 76 76
MW Goodman Energy Center Expansion 27 21 27 21 27
MW JEC Extension [ 0 0 o 0
MW JEC Participation 150 150 150 150 150
MW UML Westar 155 [ 0 o o
MW WAPA Hydro 3 3 3 3 3
MW Westar PPA 0 130 130 130 130
MW Smoky Hills Wind PPA 50 50 50 50 50
CAPACITY MW Westar Wind PPA' 0 50 50 50 50
GENERATION MWh 2x1CCGT Self-build 0 0 0 0 0
GENERATION MWh Bird City 0 0 0 0 0
GENERATION MWh Colby 17 104 17 17 130
GENERATION MWh Goodman Energy Center 86,222 86,184 95,152 98,648 102,410
GENERATION MWh Goodman Energy Center Expansion 32,333 32,724 34,200 35,748 38,367
GENERATION MWh JEC Extension 0 0 0 0 0
GENERATION MWh JEC Participation 788,625 804,000 803,925 913,875 968,775
GENERATION MWh UML Westar 200,919 0 0 0 0
GENERATION MWh WAPA Hydro 8,728 8,728 8,729 8,728 8,720
GENERATION MWh Westar PPA 0 68,004 75,712 81,120 93,912
GENERATION MWh Smoky Hills Wind PPA 184,623 183,779 183,779 183,779 184,623
GENERATION MWh Westar Wind PPA 0 170,514 179,514 179,514 179,920
CAPACITY FACTOR %
CAPACITY FACTOR % 0% 0% 0% 0%
CAPACITY FACTOR % 0% 0% 0% 0% 0%
CAPACITY FACTOR % Goodman Energy Center 13% 13% 14% 15% 15%
CAPACITY FACTOR % Goodman Energy Center Expansion 14% 14% 14% 15% 16%
CAPACITY FACTOR % JEC Extension
CAPACITY FACTOR % JEC Participation 60% 61% 66% 70% 74%
CAPACITY FACTOR % UML Westar 15%
CAPACITY FACTOR % WAPA Hydro 34% 34% 34% 34% 34%
CAPACITY FACTOR % Westar PPA 6% 7% 7% 8%
CAPACITY FACTOR % Smoky Hills Wind PPA 2% 42% 2% 2% 2%
CAPACITY FACTOR % Westar Wind PPA 41% 4% 1% 41%
FIXED O&M COST s 2x1CCGT Self-build 50 S0 $0 $0 $o
FIXED O8M COST s Bird City $121,420 $124,400 $127,560 $130,760 $0
FIXED O8M COST s Colby $190,810 $204,750 $200,820 $215,150 $220,480
FIXED O&M COST s Goodman Energy Center $1051,080  $1,077,680  $1,104280  $1,131,640  $1,160,520
FIXED O&M COST s Goodman Energy Center Expansion $373,410 $362,860 $302,310 $402,030 $412,200
FIXED O&M COST $ JEC Extension S0 S0 S0 $0 $0
FIXED O&M COST s JEC Participation $27,000,000  $28,507,500  $20,313,000  $30,044,999  $30,796,499
FIXED O8M COST s UML Westar $17,108,901 SO S0 S0 50
FIXED O8M COST s WAPA Hydro $207,482 $216,020 $218,605 $224,020 $220,050
FIXED O8M COST s Westar PPA SO $0423701  $0,660300  $9,900,800  $10,149,101
FIXED O&M COST s Smoky Hills Wind PPA s0 so s0 s0 $0
FIXED O8M COST s Westar Wind PPA $0 so $0 so0 $o0
FIXED O8M COST SIKW-yr 2x1CCGT Self-build
FIXED O8M COST SIKW-yr Bird City $60.71 $62.23 $63.78 $65.38
FIXED O&M COST SIKW-yr Colby $15.37 $15.75 $16.14 $16.55 $16.08
FIXED O&M COST SIKW-yr Goodman Energy Center $13.83 $14.18 $14.53 $14.89 $15.27
FIXED O&M COST SIKW-yr Goodman Energy Center Expansion $13.83 $14.18 $14.53 $14.80 $15.27
FIXED O&M COST SIKW-yr JEC Extension
FIXED O&M COST SIKW-yr JEC Participation $186.00 $190.65 $195.42 $200.30 $205.31
FIXED O8M COST SIKW-yr UML Westar $11038
FIXED O8M COST SIKW-yr WAPA Hydro $71.55 $74.80 $75.38 $71.25 $76.98
FIXED O&M COST SIKW-yr Westar PPA $72.49 $7431 $76.16 $78.07
FIXED O&M COST SIKW-yr $0.00 50,00 $0.00 $0.00 $0.00
FIXED O&M COST SIKW-yr $0.00 $0.00 $0.00 $0.00
VARIABLE O&M COST s $0 50 $0 $0 50
VARIABLE O&M COST s S0 S0 S0 $0 $0
VARIABLE O8M COST s $2,400 $2.277 $2,625 $2,601 $3,065
VARIABLE O&M COST s Goodman Energy Center $538,177 $551,578 $624,200 $602,027 $705,773
VARIABLE O&M COST s Goodman Energy Center Expansion $201,800 $200,434 $224,947 $240,231 $264,408
VARIABLE O&M COST s JEC Extension $0 $0 S0 $0 50
VARIABLE O&M COST s JEC Participation $21,146031  $22174320  $24546317  $26,809,000  $20,375327
VARIABLE O8M COST s UML Westar $6,411,478 $0 50 $0 $0
VARIABLE O&M COST s WAPA Hydro $199,600 $204,503 $209,676 5214917 $220,201
VARIABLE O&M COST s Westar PPA $0 $302,337 $345,247 $378,830 $440,923
VARIABLE O&M COST s Smoky Hills Wind PPA $3378,503  $3,363,152  $3,363,152  $3,303,153  $3,378,503
VARIABLE O&M COST H Westar Wind PPA SO $3602852  $3671,008  $3,741,078  $3,821,490
VARIABLE O8M COST SIMWh 2x 1CCGT Self-build
VARIABLE O&M COST SIMWh Bird City
VARIABLE O&M COST SIMWh Colby $21.36 $21.80 $22.44 $23.00 $23.58
VARIABLE O&M COST SIMWh Goodman Energy Center $6.24 $6.40 $6.56 $6.72 $6.80
VARIABLE O8M COST SIMWh Goodman Energy Center Expansion $6.24 $6.40 $6.56 $6.72 $6.80
VARIABLE O&M COST SIMWh JEC Extension
VARIABLE O&M COST SIMWh JEC Participation $26.81 $27.58 $28.41 $20.34 $30.32
VARIABLE O&M COST SIMWh UML Westar $31.01
VARIABLE O8M COST SIMWh WAPA Hydro $22.87 $23.43 $24.02 $24.62 $25.24
VARIABLE O&M COST SIMWh Westar PPA $4.44 $4.56 $4.67 $4.70
VARIABLE O&M COST SIMWh Smoky Hills Wind PPA $18.30 $18.30 $18.30 $18.30 $18.30
VARIABLE O&M COST SIMWh Westar Wind PPA $20.07 $20.45 $20.84 $21.24
FUEL COST SMMBlu  Natural Gas $3.06 $3.20 $3.61 $3.97 $433

2021
1,872,035
407

0

130
105,082
38,111
0
970,350
0

8,728
89,882
183,779
179,514

0%
16%
16%

74%

34%

8%
2%
1%

$0

$0
$225,040
$1,189,400
$422,550
$0
$31,566,000
$0
$235,354
$10,402,601
$0

$0

$17.38
$15.65
$15.05

$210.44

$81.16
$80.02
$0.00
$0.00

$0

S0

$3,142
$748,466
$200,143
$0
$30,348,405
S0
$225,788
$441,414
$3,363,152
$3,884,689

$21.64

$4.53

2022
1,800,997
41

130
99,712
38,480

0
971,025
0

8,720

86,476
183,779
179,514

0%
15%
16%

$32,355,000
$0
$241,210
$10,662,600
S0

$215.70

$83.18
$6202
$0.00
$0.00

S0

$0

$3,220
$722,147
$278,739
$0
$31,304,354
$0
$231,404
$435,008
$3,303,153
$3,958,200

2023
1,030,005
416

179,514

0%
16%
16%

75%

34%

8%

2%

1%

$0

S0
$237,380
$1,249,440
$443,880
$0
$33,164,000
$0
$251,582
$10,920,100
$0

$0

$86.75
$84.07
$0.00
$0.00

S0

S0

$3,631
$772,288
$285,485
S0
$32,614,281
S0
$237,148
$482,308
$3,363,152
$4,033,686

2024
1,066,989
421

50
50

631,757
0

143
100,248
38,759

0
1,040,100
0

8,728

0

184,623
179,920

38%

0%
16%
10%

79%
34%

42%
41%

$1,970,300
$0
$243,360
$1,280,600
$454,950
$0
$33,993,001
$0
$262,855
$0

$0

$0

$10.37
$18.72
$16.85
$16.85
$226.62
$87.19

$0.00
50.00

$2,230,532
S0

$4,120,157

$3.53

Scenario 1 - 130 MW Westar SCGT PPA (2017-2023), 190 MW 2x1 F Class CCGT (2024+), and 150 MW JEC Extension (2025+)

2025 2026 2027, 2028 2020 2030 2031
1,990,008 2,019,996 2,050,901 2,080,075 2,113,044 2,143,980 2,175,062
425 420 434 438 442 446 449
190 190 190 190 190 190 190
0 0 0 o 0 0 0
13 13 13 13 13 13 13
76 76 76 76 76 76 76
27 27 27 27 27 27 27
150 150 150 150 150 150 150
[ [ [ [ 0 0 [
0 0 o [ 0 0 0
0 [ o [ 0 o 0
0 0 0 [ [ 0 o
50 50 50 50 4 0 o
50 50 50 50 50 50 50
644,934 652,861 640,021 643,031 638,906 628,325 646,093
0 [ 0 0 0 0 0
130 156 143 143 130 143 143
109,364 110314 111,834 107,502 104,386 104,044 111,074
40,257 30,731 41,180 38,178 39,020 30,380 40,838
966,525 979,950 969,375 976,200 965,775 962,325 979,425
0 [ 0 [ 0 0 0
0 o 0 [ o 0 [
80 0 0 0 0 [ [
0 0 0 0 0 o 0
183,779 183,779 183,779 185,421 [ 0 0
179,514 179514 179,514 179,920 179,514 179,514 179,514
39% 39% 38% 30% 38% 38% 39%
0% 0% 0% 0% 0% 0% 0%
16% 17% 17% 16% 16% 16% 17%
17% 17% 17% 16% 17% 17% 17%
74% 75% 74% 74% 73% 73% 75%
4%
2% 2% 2% 2% 0%
4% 4% 41% 4% 41% 41% 4%
$2,017.800  $2069,100  $2,120,400  $2,173,600  $2,228,700  $2,283,800  $2,340,800
S0 50 $0 $0 $0 $0 50
$249,470 $265,710 $262,080 $268,580 $275,340 $282,230 $280,250
$1312520  $1,345200  $1,379,400  $1413600  $1,449320  $1,485040  $1,522,280
$466,200 $477,900 $490,050 $502,200 $514,800 $527,580 $540,810
$34,843,500  $35,714,990  $36,607,500  $37,522501  $38,460,000  $30,421,502  $40,407,000
so so $0 S0 $0 S0 S0
S0 S0 S0 so $0 S0 $0
$1.272 $0 $0 $0 $0 so so
so0 50 $o $0 $o0 $o $0
$0 $0 $o $0 $0 $0 $0
so $0 $o $0 $o so $0
$10.62 $10.89 $11.16 $11.44 $11.73 $12.02 $12.32
$19.19 $10.67 $20.16 $20.66 $21.18 s21.71 $22.25
$17.27 $17.70 $18.15 $18.60 $19.07 $19.54 $20.03
$17.27 $17.70 $18.15 $18.60 $19.07 $19.54 $20.03
$232.20 $238.10 $244.05 $250.15 $256.40 $262.81 $260.38
$5.65
$0.00 $0.00 50.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$2335335  $2423318  $2,430,850  $2511,332  $2,555845  $2,576,505  $2,714,260
$0 $0 $0 $0 $0 $0 $0
$3,467 $4,265 $4,007 $4,108 $3,827 $4,316 $4,423
$853,160 $8681,667 $916,351 $903,017 $898,779 $017,752  $1,004,266
$314,005 $317,447 $337,487 $320,605 $343,707 $347,357 $309,171
$33,851,103  $35242,535  $35844,765 $37,066314  $37,640,463  $38,500,362  $40,245341
$o S0 $o $0 $0 $0 $0
$0 $0 $0 $0 $0 $0 $0
$2,205 $0 50 S0 $0 $0 S0
S0 $0 $0 $0 $0 $0 $0
$3303,153  $3363,153  $3303,152  $3,393,195 $0 50 $0
$4,188,080  $4,268,850  $4,340,032  $4442213  $4,516,580  $4,002,747  $4,688,014
$3.62 $3.71 $3.81 $3.90 $4.00 $4.10 $4.20
$20.67 $27.34 $28.02 $28.73 $20.44 $30.18 $30.03
$7.80 $7.90 $8.19 $8.40 $8.61 $8.62 $0.04
$7.80 $7.99 $8.10 $8.40 $8.61 $8.62 $0.04
$35.02 $35.06 $36.98 $37.97 $38.98 $40.02 $41.00
$28.55
$18.30 $18.30 $18.30 $18.30
$23.33 $23.78 $24.23 $24.60 $25.16 $25.64 $26.12
$5.26 $5.55 $5.65 $5.75 $5.80 $5.07 $6.32

642,646

75%

1%
$2,399,700
$0
$206,530
$1,560,280
$554,310
$41,418,000

$0.00
$2,771,279
$0

$4,535
$1,039,112

$377,038
$41,907,647

$4,780,458

$431

$26.62

$6.64

667,650
0

17
113354
39,947
1,003,575

0
0
0
0
0
179,514

0%

0%
17%
17%
76%

41%

$2,460,500
S0
$303,040
$1,509,800
$508,350
$42,453,000
50

$0

$0

$0

s0

$0

$12.05
$23.38
$21.05

$21.05
$283.02

$0.00

$2,045,804
$0

$4,808,428
$4.41
$32.50
$0.50

$0.50
$43.37

$27.12

$6.06

2034
2,275,943
462

1,019,625

°

0
0
0
0
170,514

38%

41%

$2,521,300
50
$311,480
$1,639,320
$582,300
$43,514,000

$0.00

$2,805,880
$0

$4,763
$1,108,500
$300,903
$45,383,507

$4,961,775
$4.52
$33.31
$0.74

$0.74
$44.51

$27.64

$7.20

2035
2,300,004
467

$0.00

$3,071,000
50

$5.327
$1,007,900
$416,181
$46,560,533
50

S0

$0

$0

$0
$5,056,918

$4.64
$34.15
$0.08

$0.98
$45.69

$28.17

$7.60



Midwest Energy Resource Plan Cost Summary
Scenario 1 - 130 MW Westar SCGT PPA (2017-2023), 190 MW 2x1 F Class CCGT (2024+), and 150 MW JEC Extension (2025+)

Data ltem Units. Description 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2020 2030 2031 2032 2033 2034 2035
FUEL COST SIMMBU Coal $1.80 $1.95 $201 $2.07 $2.14 $2.21 $2.28 5234 5241 $2.47 $2.54 $261 $2.68 $2.75 $2.83 $2.90 $2.98 $3.06 $3.14 $323
FUEL COST s 2x 1 CCGT Sel-build S0 S0 S0 $0 $0 $0 S0 SO $22400,148  $23,750,950  $25332,006  §$25207,238  $25,034,005 $26,355058  $20,225620 $28,551,301  $20,860,006  $32,523,602  $32,767.045  $35103,867
FUEL COST s Colby. $6,874 $6,407 $8,114 $8,033 $10,811 $11,307 $11,657 $13,423 $13,002 $13,122 $16,677 $15,478 $15,750 $14,700 $16,371 $17,020 $18,103 $15,500 $190,084 $22,800
FUEL COST s Goodman Energy Center $2344758  $2454350  $3,050.225  $3,480,723  $3,034,605  $4,271,053  $4,135377  $4531,001  $4,786885  $5113,181  $5433,045  $5000,460  $5490,261  $5402524  $5508,414  $6,240420  $6,607,520  $7,000,105  $7,374072  $7,416,372
FUEL COST s Goodman Energy Center Expansion $863,623 $035170  $1,06812  $1260550  $1481,300  $1,530,045  $1,603484  $1,683344  $1,751,731  $1,886002  $1,903,233  $2071,222  $1,053,682  $2,007,227  $2003031  $2300,763  $2,410,791  $2,475882  $2,065192  $2,823,023
FUEL COST s JEC Extension so 50 $0 s0 $0 $0 $0 $0 $0 $0 $0 S0 $0 50 S0 S0 $0 S0 so $0
FUEL COST s JEC Participation $o0 $0 $o $0 $0 so S0 $0 $0 $0 $0 $0 S0 $0 $0 $0 50 $0 $o $o
FUEL COST s UML Westar so $0 $o $0 S0 $0 S0 $0 so $0 $0 $0 S0 $0 $0 s0 $0 $0 so $0
FUEL COST s Westar PPA $O  $2331432  $2920500  $3449200  $4349280  $4,355036  $4,322,103  $4,906,695 $0 $0 $0 $0 S0 $0 $0 S0 $0 s0 s0 $0
AVERAGE HEAT RATE MMBWMWh 2x 1 CCGT Sel-build 6.9 7.00 6.99 7.00 7.00 7.00 6.9 6.99 7.00 7.00 7.02 7.00
AVERAGE HEAT RATE MMBWMWh Colby 19.20 19.25 19.21 19.23 19.21 19.20 19.20 19.16 19.18 19.19 19.26 19.16 19.15 19.20 19.18 19.47 19.16 19.04 19.47 10.24
AVERAGE HEAT RATE MMBWMWh Goodman Energy Center 8.89 8.90 891 8.91 8.87 8.90 8.88 8.88 8.89 8.89 8.88 8.87 8.90 8.88 8.87 8.80 8.68 888 8.89 8.87
AVERAGE HEAT RATE MMBHWMWh Goodman Energy Center Expansion 8.93 8.93 894 8.92 8.92 891 8.92 8.93 8.91 8.91 8.90 8.90 8.90 8.92 8.90 8.91 8.91 891 8.90 8.01
AVERAGE HEAT RATE MMBHWMWh JEC Extension 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00
AVERAGE HEAT RATE MMBWMWh JEC Participation 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00

AVERAGE HEAT RATE MMBHWMWh UML Westar

AVERAGE HEAT RATE MMBWMWh Westar PPA 10.70 10.72 10.71 10.70 10.70 10.70 10.69

CAPTIAL RECOVERY s 2x1CCGT Self-build $17,203,000  $16,900,000  $16,683,500  $16,373,500  $16,050,250  $15741,000 $15418,750  $15001,750 $14,760,250 $14,423,750  $14,082,250  $13,735250
SURPLUS/DEFICIT CAPACITY MW MWE 51 20 20 24 17 12 7 2 24 49 45 40 35 26 21 18 14 0 4 -1
MARKET CAPACITY CHARGE SIKW-yr $63.11 $64.68 $66.30 $67.96 $60.66 $71.40 $73.18 $75.01 $76.89 $78.81 $80.78 $82.80 $84.87 $80.99 $80.17 $91.40 $03.08 $06.02 $08.42 $100.88
MARKET CAPACITY CHARGE H MWE so0 $0 so $0 $0 $0 $0 s0 $0 $0 $o0 $0 $0 $0 $0 so 50 $o0 $o $07,852
SUMMARY BY AREA

GENERATION MWh MWE Generation 118,672 119,012 129,550 134,513 140,907 144,223 138,331 142,700 145,150 140,751 150,201 153,166 145,823 144,436 143,567 152,055 152,975 153,418 156,020 151,808
GENERATION MWh MWE Load 200,647 8,728 8,729 8,728 8,729 8,728 8,729 8,728 8,728 80 0 0 0 [ 0 0 0 0 0 0
GENERATION MWh Wind 184,623 363,203 363,203 363,203 364,542 363,203 363,203 363,203 364,542 363,208 363,203 363,203 365,340 170,514 170,514 179,514 179,920 179,514 179,514 179,514
GENERATION MWh Westar 788,625 872,004 939,637 994,995 1,062,687 1,060,232 1,057,501 1,076,602 1,671,857 1,611,450 1,632,811 1,609,396 1,620,131 1,604,681 1,500,650 1,625,518 1,635,721 1,671,225 1,660,308 1,681,112
MARKET SALES MWh MWE Generation 118,672 119,012 129,550 134,513 140,907 144,223 138,331 142,700 145,150 149,751 150,201 153,166 145,823 144,436 143,567 152,055 152,975 153,418 156,020 151,808
MARKET SALES MWh MWE Load 0 0 0 o 0 0 0 0 0 0 0 0 0 o [ 0 0 0 0 0
MARKET SALES MWh Wind 184,623 363,203 363,203 363,203 364,542 363,203 363,203 363,203 364,542 363,203 363,203 363,203 365,340 179,514 179,514 179,514 170,920 179,514 179,514 179,514
MARKET SALES MWh Westar 788,025 872,004 939,637 994,995 1,062,687 1,060,232 1,057,501 1,076,602 1,671,857 1,611,450 1,632,811 1,609,306 1,620,131 1,604,680 1,500,650 1,625,518 1,635,721 1,671,225 1,660,308 1,681,112
GENERATION LESS MARKET SALES ~ MWh MWE Generation o 0 0 0 0 0 0 0 0 0 [ 0 [ 0 0 o 0 0 o 0
GENERATION LESS MARKET SALES ~ MWh MWE Load 200,647 8,728 8,720 8,728 8,720 8,728 8,720 8,728 8,728 80 o 0 [ [ 0 [ 0 0 o o
GENERATION LESS MARKET SALES ~ MWh d 0 [ 0 o [ 0 o [ [ [ 0 0 [ [ 0 0 0 0 o o
GENERATION LESS MARKET SALES ~ MWh Westar o 0 o 0 0 0 o 0 o 0 0 0 0 0 0 o 0 0 o o
MARKET SALES s MWE Generation $4808.240  $5122878  $6,264855  §7,107.416  $8,031,200  $8,555035  $8,300,200  $0,007.460  $9,627.302  $10,266.651  $10,850823  $11,167.465 $10006235 $11000,688 $11,170,308 $12,510088  $13,156,255 $13,767.034  $14,552396  $14,853196
MARKET SALES s MWE Load 50 50 S0 S0 S0 $0 S0 S0 50 S0 $0 $0 S0 $0 SO $0 S0 S0 $0 $0
MARKET SALES s Wind $3807086  $7027052  $8,805677  $0,715884  $10,718300  $11,082302 $11,451,752 $12,135790  $124534903  $12904023 $13,706366  $13,803,704 $14,353641  $7,003861  $7,216,746  $7,000,552  $8,086,274  $8,401,613  $8918004  $0,140,961
MARKET SALES s Westar $20,624043  $25276218  $30500,360  $35353,082  $41270,510  $42,763,074  $44,000380  $46,007,207 $76,804,280 $77,093,543 $62050983 $82,500,779  $85208320  $86,502,544  $87,001,409  $93,000,017  $98.751,002 $105364874 $100360,810 $115.732,386
MARKET SALES SIMWh MWE Generation $41.28 $43.05 $48.36 $52.84 $57.00 $50.32 $60.72 $63.54 $66.33 $68.56 $72.24 $72901 $74.79 $76.23 $77.81 $82.28 $86.00 $80.87 $03.87 $07.80
MARKET SALES SIMWh MWE Load

MARKET SALES SIMWh Wind $20.63 $21.82 $24.24 $26.74 $20.40 $30.51 $31.52 $33.40 $34.16 $35.52 $37.73 $38.00 $30.29 $30.52 $40.20 $42.80 $44.04 $46.80 $49.068 $50.07
MARKET SALES SIMWh Westar $26.15 $28.08 $32.52 $35.53 $38.84 $40.33 $41.61 $43.37 $45.99 $48.21 $50.81 $51.32 $52.05 $53.04 $54.75 $57.45 $60.37 $63.05 $65.87 $08.84
MARKET PURCHASES MWh MWE Load 1,567,347 1,840,288 1,776,253 1,806,260 1,840,279 1,863,306 1,891,268 1,922,267 1,958,261 1,080,028 2,019,996 2,050,901 2,080,075 2,113,044 2,143,980 2,175,962 2,200,000 2,241,076 2,275,043 2,300,003
MARKET PURCHASES s MWE Load §$33,752,104  $45240702  $40,308,087  $55,180,803  $61490,050  $05051,236  $67.060026 $72,336,519 $76,256,883  $80,544,056  $80,306,330  $8B,971,812 $01,080,605 $05350,051 §0B,074,141 $105475456 $112,313,635 $110,240004 $126,771,307 $134,032,588
MARKET PURCHASES SIMWh MWE Load $21.53 $24.50 $21.79 $30.55 $33.42 $34.91 $35.94 $37.63 $38.04 $40.48 $42.73 $43.38 $44.00 $45.12 $45.74 $48.47 $50.84 $53.19 $56.70 $58.02
ENERGY TO SERVE LOAD MWh 1,776,003 1,849,016 1,784,082 1,814,904 1,849,008 1,872,005 1,899,996 1,930,005 1,966,989 1,990,009 2,019,096 2,050,991 2,080,075 2,113,044 2,143,980 2,175,962 2,200,000 2,241,076 2,275,943 2,300,903
LESS ENERGY REQUIREMENTS MWh o 0 0 0 0 o o o 0 o 0 0 0 0 o o 0 0 o 0
SUMMARY OF COSTS

TOTAL FIXED COSTS s $46,062102  $40,027,871  $41025875  $42040,408  $42,067.040  $44041,844  $45,142580 $46,276,382  $36,195000  $38,890,852  $30,862000 $40850430  $41,880,480 $42,028250  $44,000,152 $45100,140 $46,228,820 $47,385,500  $48,500,480  $40,783,110
TOTAL VARIABLE (EXCL. FUEL) COSTS § $31.878,187  $30410453  §$32087242  §35412027  §38,218,871  §30284,200  $40,200,465 ~ $41,701,070  $46,511,542  $44,910,085 $46,501,234  $47,255244  $48,040,874  $45068,202  $46,958,128  $40,026,384