KYEA

YUy

Integrated Resource Planning Schedule

Doug Buresh

April 23, 2020




KYMEA.ORG

IRP Process - Key Tasks

Integrated Resource Plan: (9-Month Key Tasks)

1. Development of Inputs and Framework, to identify and develop scenarios, resource options
and business strategies to evaluate how a future portfolio might change under different
conditions accompanied by detailed model simulations. (Mar - Jul)

2. Community Focus Group meeting to identify issues important to the public and develop
possible scenarios to broadly address those issues. (Jun 2020)

3. Possible site visits with the Board of Directors. (Summer - Fall 2020)

4. Analysis and evaluation, to include developing and evaluating the performance of multiple
resource portfolios. (Jul - Aug 2020)

5. Presentation of Initial Results. (Aug 2020)
6. Community Comment Period (Aug 2020)

7. Additional Analysis, to be completed in response to the KYMEA Board and other stakeholder
comments. (Sep 2020)

8. Preliminary Plan, to include the IRP preferred plan, near-term actions and key elements. (Oct
2020)

9. Expected Request for Approval of the IRP Preferred Plan from the KYMEA Board. (Nov - Dec
2020)

10.Publication of the Final IRP Report by July 2021, on KYMEA’s website. (Dec 2020 - Jul 2021)



Key Tasks Timeline - 2020
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2020

Development of Inputs and Framework accompanied by Model Simulations

Community
Focus Group
Session

Possible Site Visits with the Board of Directors

Analysis and Evaluation

Presentation of
Initial Results
Community
Additional
Analysis

Comment Period

Preliminary Plan

Preparation
IRP Report

Board Action
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IRP Process Key Elements

Resource Needs Assessment

Key Planning Assumptions

and Uncertainties Supplemental Studies

Resource Portfolio
Development

Cost and Risk Analysis

Preferred Portfolio Identified
Action Plan




Key Decision Points through 2029
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{ Near-Term Actions ]
2022 | 2023 | 2024 | 2025 | 2026 | 2027

2020 2021

MISO Point-
to-Point

Vistra PPA PPS PPA
Expires — Nomination -
May 31, May 31,
2022 2029

Path Expires
— May 31,
2027

Ashwood
Solar | PPA
Begins —

December 1,
2022

Hedging Strategies

20 Year Study: Planning Year from Jun 2022 — May 2042

2028

2029

BREC PPA
Expires —
May 31,
2029

PPS PPA
Expires —
May 31,
2029

Paris
Member
Generation
Expires —
May 31,
2029

MISO Point-
to-Point
Path Expires
— May 31,
2029
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Deliverability/Reliability

Firm Transmission Paths + KU "Internal" Capacity Supply/Demand Balance

450
S TBD
Q00 I Paris
350 —1PPS
e ———————————————————————————= I TVA (SEPA)
300 - - e e e - - am am = e e e e Ashwood
F: - I Joppa Path
> W s VI1SO Path (62 MW)
& 200 Limited Strikes — S e O YA YY)
> Intermittent = ePeak Demand

150
Curtailment/Ramping e Peak + Reserves
100

50 Curtailment/Ramping

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029




KYMEA.ORG

Supply-Side Alternatives

1. Market Purchases with Firm Transmission

2. Steam-Coal Generation

3. Simple Cycle Gas Turbine Natural Gas Generation
4. Combined Cycle Natural Gas Generation

5. Reciprocating Engine Natural Gas Generation

6. Cogeneration Natural Gas Generation

7. Solar Array

8. Battery Storage

9. TBD

New Hydro, New Wind, and New Nuclear are not available to KYMEA



Steam-Coal Generation

KYMEA options include participation in an
existing coal unit.
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Simple Cycle Gas Turbine

@ GE Power » Region » Signin/Register & Contactus Q,  Search

GAS STEAM NUCLEAR SERVICES INDUSTRIES

HOME « GAS « GASTURBINES - LM6000

AERODERIVATIVE GAS TURBINE

LM6000

VIEW PRODUCT SPECIFICATIONS >

Up to

45-58 MW 41.3% 99.8%/98.7% 5 min. 50 MW/min.

Net output Net efficiency Reliability/Availability Start time Ramp rate

KYMEA options include ownership in smaller
CT or participation in larger CT
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Combined Cycle Natural Gas Turbine

@ GE Power » Region » Signin/Register & Contactus Q Search

GAS STEAM NUCLEAR SERVICES INDUSTRIES

HOME » GAS » HEAT RECOVERY STEAM GENERATORS

HEAT RECOVERY STEAM GENERATORS (HRSG)

The heat recovery steam generator (HRSG) provides the thermodynamic link between the gas turbines and
steam turbines in a combined-cycle power plant. Each HRSG solution is custom-engineered to meet your
desired operating flexibility and performance requirements. With more than 750 HRSGs installed worldwide,

GE is a world leader in supplying HRSGs behind all major OEM’s gas turbines.

DESIGNED FOR YOUR NEEDS

GE’s HRSG units are cost-effectively designed for heavy cycling operations that allow
owners to reduce the cost of electricity, boost performance, increase reliability, and
enhance flexibility. Numerous options are available, such as supplementary firing,
SCR for NOx abatement, CO catalyst for emissions reduction, and exhaust gas
bypass systems for simple-cycle gas turbine operation in a combined-cycle

installation.

KYMEA options include ownership in smaller

CC or participation in larger CC
10
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eciprocating Engines

2 ADVANCED MANUFACTURING OFFICE

LS. DEFARTMENT OF

ENERGY

Combined Heat and Power Technology

: Technology Description
Fact Sheet Series

There are two primary reciprocating
engine designs relevant to stationary

power generation applications — the

Energy Efficiency &
Renewable Energy

Reciprocating Engines spark gution Olto-cycle engims and
the compression ignition Diesel-cycle
Reciprocating Internal combustion engines are a mature tech- gine. The essential hantesl
nology used for power generation, transportation, and many components of the Otto-cycle and
other purposes. Worldwide production of reciprocating internal Diesel-cycle are the same. Both use
combustion engines exceeds 200 million units per year.! For a Egl;uh;:al cgmbmt;m cha.mbei;:;e
- ’ : : ) W a close fiting piston trave
CHP Installations, :ec[p¢0{at|:g engines have capacities that length of the ﬂmﬁm i
range from 10 kW to 10 MW. Muitiple engines can be inte- wavrite 4 2 cvankibaf Tk trivuilooma

grated to deliver capacities exceeding 10 MW in a single plant
Several manufacturers offer reciprocating engines for distribut
ed power generation, and these engines, which are most often

the linear motion of the piston mto the
rotary motion of the crankshaft Most
engines have multiple cylinders that

fueled with natural gas, are weill suited for CHP service (see et o ) mﬁ.mm::g
Table 1 for summary of attributes), The main difference between the two
cveles is the method of ioniting the Figure 1. Four-stroke spark ignition reciprocating engine
® PR e (N Graplve crodit IHS Engoneer
Applications fuel. Spark ignition engines (Otto- sl ——
cycle) use a spark plug to ignite a
Reciprocating engines are well surted to a vanety of distnbuted pre-mixed air fuel mixture introduced 4. Exhaust stroke - expulsion of combustion products from the

generation applications and are used throughout industrial,

cylinder through the exhaust port.
commercial, and mstitutional facilities for power generation and

into the cylinder. Compression ignition engmes (Diesel-cycle)

CHP. There are nearly 2,400 reciprocating engine CHP mnstal-
lations in the U.S., representing 54% of the entire population

MMWMIHMW
Proto courtesy of Caterpiiar

of installed CHP systems.? These reciprocating engines have

a combined capacity of nearly
2.4 gigawatts (GW), with spark
ignited engines fueled by natural

Table 1. Summary of Reciprocating Engine Attributes

compress the air introduced into the cylinder to a high pressure,

raising its temperature to the auto-ignition temperature of the
fuel that is injected at high pressure. For CHP, most nstallations
utihize 4-stroke spark 1gnition engmes (see Figure 1).

Reciprocating engines are characterized as either nich-bum or
lean-bum. Rich-bum engimes are operated near the stoichio-

Performance Characteristics

Performance charactenstics for five representative natural gas
reciprocating engines used in CHP applications are summanized
in Table 2.

The five systems shown in Table 2 range from 100 kW to 9.3

gasandmjmgasfuels ac::crum- Size . . mmmmh_ﬂHMFkﬂ;ﬁﬂﬂ of metric air/fuel ratio, “ﬁ‘-:hmﬂ’”jf_ﬂ'd ﬁlflqmﬁﬁ.m MW, winch covers most CHP installations that use reciprocating
ing for 83% of this capacity. e mc:'m sl m PRy matched for complete combustion, with little ornoexcessair. In  engines. Electric efficiencies generally increase with size, and
LW lﬁ&-?ﬁﬁﬁm o contrast, lean-bum engines are operated at air levels significantly  the electric efficiencies for the five systems range from approxi-
commercial institutional buldings | THefmaloutput  Thermal energy can be recovered from the engine exhaust, cooling higher than the stoichiotetric ratio. In lean-bum engines, mately 30% (System #1) to 42% (System #5). Overall CHP eff-

A E water, and lubricating oil, and then used to produce hot water, low mngma-mnhﬂxemlsmnnsuemdmedasarﬂultofluwa_rmm- c:enmtsarenearﬁﬂ’.,m&gnzﬁ‘omzﬁrommh % (System
sos spacs Resieg sttt pressure steam, o chilled wator (with an absorption chile) bustion chamber temperatures compared torich-bum engines. 55 to §3% (System #1). As electrical efficiency mcreases,
Tmf?é}m : T pp. Most spark 1gnition and diesel engines relevant to stationary the quantity of thermal energy available to produce useful heat
Emlo:;ssnhm it ';d ﬂ;:?mmgr- Part-load Reciprocating engines perform well at part-load and are well suited for power generation applications complete 2 power cycle in four decreases per unit of power output, and the power to heat ratio
peavimupes sy relahdmveh' opetation both baseload and load following applications. strokes of the piston within the cylinder, as shown in Figure 1: generally increases &T&ﬁxﬁ t';::ﬂt mpacts

? g T, . : ey 2 . oject economics and may ons that customers
o Fuel Reciprocating engines can be operated with a wide range of gas and e e make intesus of CHP acoeptance, izing,and the desirabality
sications frs e liquid fuels. For CHP, natural gas is the most common fuel. = of selling I;ﬁvﬂ. For the reﬁptﬁﬁw :\ﬁ in Table 2, the

s, ne eng 2. Compression stroke - compression of air or an air-fuel mixture power to rato ranges from U200 to 12U, In power genera-

E[;i ih-sw:;;ncéude umxgirmqfs, Reliability Reciprocating engines are a mature technology with high reliability. within e cyliides: o diosel engiines. e el is ingucted 3t tion and CHP applications, reciprocating engines generally
G o S ) Bt commmat: Other Reciprocating engines have relatively low installed costs and are widely or near the end of the compression stroke (top dead center, drive synchronous generators at constant speed to produce stead

cial buildings, and multi-family
dwellings.

1 Power Sywtems Reasarck Enginlink™F 2013

used in CHP applications. Reciprocating engines start quickly and
operate on typical natural gas delivery pressures with no additional gas
compression required.

2 U5 DOFE Combined Moas and Poviar Sarialavion Dasmbare, daty zemspued througk

Decembar 31, 2013

ADVANCED MANUFACTURING OFFICE

or TDC) and ignited by the elevated temperature of the
compressed air m the cylinder. In spark ignition engines, the
compressed air-fuel mixture is ignited by an ignition source at
or near TDC.

3. Power stroke - acceleration of the piston by the expansion of
the hot, high pressure combustion gases.

alternating current (AC) power. As load is reduced, the heat
rate of spark ignition engines increases and efficiency decreases.
While gas engines compare favorably to gas twbmes—which
typically expenience efficiency decreases of 15 to 25 percent at
half load conditons—multiple engines may be preferable to a
single large unit to avoid efficiency penalties where significant
load reductions are expected on a regular basis.

11
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Reciprocating Engines (continued)

ADVANCED MANUFACTURING OFFICE 3 4 ADVANCED MANUFACTURING OFFICE
Emissions . . .
’ . " > Table 4. Reciprocating Engine Emission Characteristics
Table 2. Reciprocating Engine Performance Characteristics - o P g
Emissions of cniteria pollutants Systom
System —oxides of mitrogen (NOx), Description
Description carbon monoxide (CO), and 1 2 3 4 H
1 2 3 4 5 volatile organic compounds
Net Electric Power (kW)S 100 633 1141 3325 9,341 iﬂhmmmf&mmcs: . P s = o e e
S Engine Combustion Rich-burn  Lean-burn  Leanburn  Leanburn  Lean-burn
Fuel Input (MMBtu/hr, HHV)! LIS 6.26 1037 2773 76.06 the primary environmental
concern with reciprocating Emissions before Exhaust Treatment (g/bhp-hr)6. ¢
Useful Thermal (MMBtu/hr) 0.61 284 446 10.69 26.60 engines operating on natural
gas. Table 4 shows representa- NOx <10 <10 <10 <15
Power to Heal Ratio® 0.56 0.76 0.87 1.06 1.20 tive emissions for reciprocating
Electric Efficiency (%, HHV) 29.6% 34.5% 37.6% 409% 41.9% mc}mapphmm Emissions voc — 210 g =
Thermal Efficiency (%, HHV) 53.2% 453% 43.0% 38 6% 35.0% can vary significantly between ' ' '
different engine models and Emissions after Exhaust Treatment (g/bhp-hr)®
Overall Efficioncy (%, HHV) 828% 79.8% 80.6% 79.5% 76.9% manufacturers and can also = — = — _— —
Note: Performance characteristics are average values and are not intended to represent a specific product Eﬂ;ﬂcm Y .“r e o 9 — e oo oo
Capital and O&M Costs costs vary with type, speed, size, and mumber of cylinders of an S S e ' ' '
: . ; p engines have wmcon-
Table 3 shows representative capital costs for natural gas engine. These costs typically include: nBiad MO et dis voC 0.07 0.05 0.05 0.05 0.05
reciprocating engines used in CHP applications. The costs are * Maintenance labor paredt;lm-hmenziucsand Emissions after Exhaust Treatment (bs/MWRJL2
average values based on data collected from multiple manufac- * Engme parts and matenals (e.g, oil filters, air filters, spark are almost always supplied with
turers. Installed costs can vary significantly depending on the plugs, gaskets, valves, piston rings, electronic components, a three-wav catalvst to control NOx 014 015 015 015 022
scope of the plant equipment, geographical area, competitive etc.) and consumables, such as oil NOx, CO, and VOC emissions.
market conditions, special site requirements, emissions control _ B L b it lachive o 041 022 022 022 022
hardware, and prevailing labor rates. * Minor and major overhauls catalytic reduction (SCR) can
; _ _ Maintenance can either be done by in-house personnel or b vised 4 vieduos N0 st voc 020 015 015 015 015
Capital costs for generator set packages shown in Table 3 include  contracted out to manufacturers, distributors, or dealers under s e kil €O, Emissions (bs/MWR)
: . » 1 c 5100s -
ﬂm‘” # complete CH ystem, InClaGng RSt Iecoreny service contracts. tion catalyst can be used to Electrictty only 1348 1157 1062 975 952
emission control Table 3. Reciprocating Engine Capital and O&M Costs vedace CO and VOC emsssions. '
Eq'l_lﬁfmw- The e Table 4 shows CO, emissions  CHP With thermal credn™® 452 502 491 505 536
shmv;}: E-F:sbk Description for CHP systems basedonthe ~ Note: Emissions are average values and are not intended to represent a specific product
sl to 1 2 3 4 5 %ﬂ output olft'lm ﬂ:lv.:m:q_::l.et{.;t
sumed system. For the complete
produce hot water, Net Electric Power (kW) 100 633 1141 3325 9,341 CHP system, CO; emis:imfs are calculated with a thermal credit ¢ ==t s expeass 12 pper Kmi fox amissions purkermanca (o 5. NOx <.
although recip- . for natural gas fuel that would otherwise be used by an on-site rafarred o 2 “aagine-our smisions) N "
IW@:;”% englzies Engine Type Rich-bun  Leanbum  Leanbum  Leanbum  Lean-bum boiler. With this thermal credit, CO, emissions range from 452- 7 COand VOC emissions for Systams &2, &3, and #4 ware not svailsbls Som peoduct
are also capable 1 EGI:IEI@E]'I-S ical natur, : specification chaets, and the values thows 1 satimatm
of producing low Engine and Generator ($/kW, including $1.650 $1.650 $1.380 $1.080 $300 5{6 S 0.4 gce 5 oo e g § NOx CO, 2nd VOC smissions for Systems =5 wars ot svailable from product specis-
heat recovery and emission controf) cycle power plant will have emissions of 300-900 IbsMWh, and  * 0 Gl d e T e
gf:hme steam& a coal plant will have CO, emissions near 2,000 Ibs MWh. = ' Biicbarn enplosr tou typically supuitiod willh a Ghe-way cosiliss Rhimon. navan-
m; . ::m”h u.m: . Construction and Installation $1,250 $1190 $990 $720 $530 waled smisncas are 2ot repesiad
. : 10 Fer lsan-bors angmmes, exbace: mertmast i premad to redocs emuness by B
’-":;t*dei m:;italied Total Installed Cost $2.900 $2.840 $2.370 $1.800 $1.430 UTe e} b;:;n §'thp-br and oo MWE, mmiiply ralus in g bhp-he by 2976 10 gue
c range rom o p.: ol = v
$2,900 to $1,430 Total O&M Cost (¢/kWh) 2.4 21 19 16 0.9 ' 1205 €0, 104 VO wmiions s bad e e d s st ol s e
T A =aler
perkW. Asmdi-  Nopre- Costs are average vaiues and are not intended to represent a specific product 15 The CHP CO- amissions inchads & tharmal cradit for avvided faal thas would stharasiss
Cﬂﬂi' Cﬂpiﬂl costs - Teomeed Ll‘-u.-;'ﬂl.".l bodlar The bodler s assmmad t0 :p-iutl :»-::u:':l. ;:u wih m
decline on a per kW basis as size increases. Non-fuel operation - sfficisacy of 0%

3 Parasitic electriz loads for meciprocating sngizes ase typscally small [n this Scr cheet,

and maintenance (O&M) costs are also shown in Table 3. As pariizts loads ars mesmmed to be neglinkla revaitng i ne diffarence betweas ETIie
indicated, these costs range from 2.4 t0 0.9 ¢ kWh. Like capital 2ad met powrer L
costs, O&M costs decline as capacity ncreases. Mamtenance . Nilmar Yl s shoss e b o ion Nomlng i V) o el g ENERGY

For more information, visit the CHP Deployment Program at energy.gov/chp

5 Powsr to heat reso is the slectric poanr outpe divaded by the ssaful tharmsl curpos or email us at CHP@ee.doe.gov

Energy Efficiency &
Renewable Energy DOE/EE-1351 - July 2006




Cogeneration

Combined Heat and Power (CHP)

Combined heat and power systems, also called cogeneration power plants, are designed to
generate both electrical power and heat for use in a process application.

ITLET

i
lth |

WHAT IS COGENERATION?

Cogeneration, also known as combined heat and power (CHP), is a highly efficient process that generates electricity and heat
simultaneously. By utilizing the exhaust energy from gas turbines, useful steam can be generated in a heat exchanger which can then
be used in any number of applications, all with no additional fuel consumption. As a result, the overall efiiciency of CHP systems can
exceed 80%, making CHP one of the most energy-efficient methods of power generation. With the broadest gas turbine product
portfolio in the industry, GE is uniquely positioned to provide its customers with the right products to provide the required ratio of
power to heat for their CHP systems. For more information on combined heat and power applications, view our webinar here.

KYMEA.ORG
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Cogeneration (continued)

THE BENEFITS OF COGENERATION

By using one fuel source to produce both heat and electricity simultaneously, cogeneration - or combined heat and power - is
significantly more efficient and cost effective than traditional power generation. Why? With traditional power generation, electricity
and thermal energy are produced separately using two different processes and fuel sources—conventional fossil fuels are used to
generate the electricity and, in most cases, the heat produced as a byproduct to this process is lost to the atmosphere. Then an on-
site boiler or furnace is used to generate heat.

Cogeneration solutions use a single fuel in a combustion engine, like a gas turbine, to generate electricity. The heat that is created as
a result of the process is captured and recycled to provide hot water or steam for other uses—like heating or cooling for the facility. In

addition to eliminating waste and increasing energy production efhciency, cogeneration solutions have many advantages.

ADVANTAGES OF COGENERATION:

» Save money - Achieve up to 95% percent total efficiency, burn less fuel for the energy you need, and reduce thermal and electrical
costs creating a payback in as little as 2 years.

» Save energy - Realize energy savings of up to 40% using the energy from your turbine’s waste heat.
* Increase predictability - Predict against grid power price volatility and supply uncertainty for more accurate financial planning.
* Increase reliability - Achieve 98% reliability or more with the proven technology of GE’s aeroderivative gas turbines.

« Energy reform benefits - Benefit from government energy reforms and associated incentives (green certificates and “efhcient
cogeneration”) promoting self power generation.

* Reduce emissions - With combined heat and power, you can make sure you're meeting government regulations by reducing your
greenhouse gas emissions by up to 30%.

14
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Solar and Battery Experience Curve

LITHIUM-ION EV BATTERY EXPERIENCE CURVE Bloomberg
COMPARED WITH SOLAR PV EXPERIENCE CURVE S
100 -
~ 19?'61&‘
% Crystalline Si PV
g module
- 10 - 1998
=
D)
=
S
a8 1
| m=24.3%
5 H1 2014 T e 70
0 Li-ion EV batt
: cack Y m=21.6%
| 1 1ID 1[|}D 1,[|1'DD 1D,|[}DD 1DD,IDDD 1,DDIE},DDD 1D,DDID,DDD
Cumulative production (MW, MWh)

Mote: Prices are in real (2014} USD. Source: Bloomberg New Energy Finance, Maycock, Battery University, MIT
Michael Liebreich, New York, 14 April 2015 @MLiebreich #BNEF Summit
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Battery Learning Rate Projection

2015: Store <1 Minute of

World Electricity Demand How Cheap Can Lithium-lon Batteries Get?
4
0.26
- This is a future model of lithium-ion battery prices.
E 0.24 9 e a St;:‘:gzllezzt?;é?t:tzzrz;ﬂi Assumes 15—2_1_% cost reduction of new battery storage per doubling of scale.
o ® Costs unsubsidized.
= 0.22 ®e . l Costs do not include the cost of generating the electricity to store
€ 0.20 ®e,
= ®
o] ]
E 0.18 ®
s 3 mihe
>~ 0.16 e P!
E 0.14 ®e &
. =
% “e, ® 15% L
= 0.12 13min ® e, L earn;n
far) ® L ] g
‘; 0.10 o, Rate
s ®e
& 0.08 51 minutes “®e, .
(o 6] ® 9
Q e,
= 0.04 14 hours = iy
S8 0.02 Ramez Naam (2015) http://rameznaam.com/ 1 day
' 2020? 2028? 20362
0.00
40,000 80,000 160,000 320,000 640,000 1,280,000 2,560,000 5,120,000 10,240,000 20,480,000 40,960,000 81,920,000

Cumulative Worldwide MWh of Batteries Deployed
e e eBattery LCOE per Kwh - 15% Learning Rate Battery LCOE per Kwh - 21% Learning Rate
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Demand-Side Management Alternatives

1.
2.
3.
4.

Peak Clipping

Energy Efficiency Programs
Distributed Energy Resources
TBD
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EnCompass Modeling

1 - mn
] xXeman
] b el 4

Integrated Resource Planning Valuation and Risk Assessment
We help electric utilities face the complexity in power supply Projecting future operations and cash flows of either a single power
planning, as well as balancing requirements for reliability and project or a portfolio of energy assets requires a detailed
environmental compliance in the most cost-effective manner. commitment and dispatch optimization model to capture all
EnCompass determines not only the best way to utilize resources, operating constraints. Valuations produced by Anchor Power can be
but also which technologies should be added in the future, or used for project finance, tax assessments, budgeting, rate cases, and
existing resources that should be converted or retired. developing hedging strategies.
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Integrated Resource Planning Valuation & Risk Assessment

Progress to date: The EnCompass database has been built and staff is currently
running simulations and analyzing preliminary results.
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