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_ STUDY OBJECTIVES

-

BACKGROUND & KEY ISSUES

L
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Meét're'g'ufatory reqtjirements: Perform a comprehensive analysis that complies with the
respective statutory requirements of the Missouri Public Service Commission and the
Kansas Corporate Commission-

Estimate EE, DR and DSR potential: Develop annual electrical energy efficiency, demand
response, and demand-side rate potential by customer class for each KCP&L jurisdiction
for the time period of 2019 to 2037

Develop baseline projections of annual elecfricity use and peak demand for each KCP&L
jurisdiction, accounting for future codes and standards, naturally occurring energy
efficiency, opt-out customers, smart connected devices, and combined heat and power

Estimate low-income potential: ldentify a subset of economic and program potential that
is applicable to low-income customers -

Perform accurate saturation surveys Conducta reflahle accurate and useful residential
appliance saturation survey and C&I end-use saturation survey

Quantify program savings: Quantify potential program savings from energy efficiency
initiatives, demand response programs and demand-side rate initiatives at various levels

of cost

Support KCP&L's effort to offer programs to all customer market segments while
achieving the ultimate goal of all cost-effective demand-side savings
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This slide deck presents measure-level potential estimates for 2019-2037 in the
KCP&L service territories for all sectors in multiple resource classes:

* Energy Efficiency

» Demand Response & Demand-Side Rates

¢ Combined Heat & Power

The results provided here for each resource class are at the measure-level, and have
not yet been synthesized and combined in a cohesive portfalio with appropriate
cost and delivery frameworks. This is still to come in the “Program Potential” stage
of the study.

All models and assumptions include the results from comprehensive primary market
research efforts in the KCP&L service territory conducted as a part of this study.
These results have been provided to stakeholders separately and will also be
included in the final study report.

These results are preliminary and may still be subject to change.
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DEFINITIONS OF DSM POTENTIAL

¢ Technical & economic potential are theoretical constructs, Savings cannot actually be realized.

* Achievable potential at the measure-level is calculated by applying take-rates for achievable customer
adoption. Component analyses are separate at this point (EE, DR & Rates, CHP)

* Measure-level achievable potential is refined into program potential by applying delivery mechanisms,
measure bundling, and appropriate program cost structures.

Nol Cosl
Elfeclive

Nal Technically

* Per Missouri requirements, two levels of achievable potential are estimated: maximum and realislic
Size of Boxes not necessarily indicative of size of assoclaled resources
Suuree Naﬁonal Adion Plan for Enargy Efﬁciency. “Guide to Resource Plannlng with Energy Efficlency.” Figure 2-1.
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KEY EE ISSUES s

* Measure-level economic screen assumes 100% of incremental measure costs
and no program administration costs. Program potential will assign incentive
and program cost.

* For Low Income Residential measures, the measure-level economic screen has
been set to TRC>=0.50 instead of 1.00.

° Large C&I Opt-Out customers are included in the front half of the analysis:
baseline market profile, technical potential, and economic potential, but have
been removed from realistic and maximum achievable potential (in MO only)
by adjusting customer adoption rates.

° The adjustments vary by market segment, but overall the sector level opt out was:
* MO Commercial opt-outs remove ~9% of available Commercial load & achievable potential
* MO Industrial opt-outs remove ~26% of available Industrial load & achievable potential

AEG

KCP&L OVERALL BASELINE CHARACTERISTICS

Annual
Electricity Use Summer Peak  Winter Peak
Sector (GWh) % of Sales Demand (MW) Demand (MW)
Residential 8,585 38% 2,786 2,043
Commercial 8,760 39% 1,578 1,384
Industrial 5,208 23% 938 823
Total 22,553 100% 5,302 4,250

Electric Use by Sector, 2015

Industrial
23%

Residential
38%

Commercial
39%



TAKE RATES

Estimating Customer Adoption of EE

. . 4 Residential Realistic  Maximum
‘:aﬁgsﬁ‘ﬂ:n:el:guareop“on Measure Take Rate Achievable Achlevable
categories by triangulating in Base Year Potential _ Potential
data from KCP&L's existing AC Unit 35% 50%
?roaral:;‘s, IJenchmafbkI data Appliances (Non-Fridge) 31% 45%

rom other comparable

programs, and proprietary Appliances (Fefrlgeramr) 38% 53%
market research conducted Cooking Equipment 33% 46%
in the Midwest and around DHW 37% 48%
the U.S Electronics 31% 45%

= Tables at right show take- Furnace/Boiler 36% 48%
rates developed for broad Geothermal Heat Pump 19% 31%
categories of measures, Lighting - General Service 39% 57%
which are then mapped to Uhting - Soeckal 2
full universe of measures ghting - Specialty 12% 18%
for use in the potential Pool Pump 27% 38%
modeling. Smart Power Strips 32% 51%

* Take Rates are assumed to Add / Upgrade Insulation 30% 43%
rise over time at a rate of DHW conservation 27% 43%
%ﬁz por yeara soma Duct Sealing/Insulation 31% 44%
Awareness, Marketing, etc. EE Windows 30% 43%

o Tasideniiil loveincome HVAC Maintenance 34% 47%
take rates are lower than Lighting Contrals 3% A5%
the residential sector Programmable Thermostat 34% A47%
average. Adjustment Smart Thermostat 35% 55%
fadtms are 0.80 "5’ (;"gﬂé‘f Whole House Fan 23% 33%
cost measures and 0.92 for
low-cost measures. Behavioral 2l S0%

Cc&l

Measure Take Rate

in Base Year

Cooking Equipment
DHW

Electronics
Furnace/Boiler

HVAC Cooling

Lighting
Pumps/Motors/Drives EQ
Refrigeration
Retrocommissioning
RTU/Chiller

Add / Upgrade Insulation
Chiller Fans

DHW conservation
Duct Sealing/Insulation
EE Windows

HVAC controls

HVAC maintenance
HVAC motors/pumps

Install an Energy Mgmt Sys.

Lighting Controls
Motors/Drives

Pool Pump Timer

Pre-rinse Spray Valves
Programmable Thermostat
Pumps/Motors/Drives NEM
Retrocommissioning
Strategic Energy Mgmt

KCP&L ToTtAL ENERGY EFFICIENCY POTENTIAL

* |In 2021, cumulative realistic
achievable potential savings are

AEG

Applied Engigy Group

Realistic Maximum
Achievable Achievable
Potential Potential
38% 64%
39% 59%
37% 58%
40% 61%
45% 67%
44% 69%
37% 57%
40% 64%
39% 65%
44% 63%
37% 57%
43% 69%
39% 58%
38% 62%
37% 62%
43% 67%
41% 62%
39% 62%
36% 56%
42% 64%
42% 54%
43% 69%
38% 66%
42% 59%
40% 66%
40% 62%
35% 60%
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Cumulative Electric Savings (% of Baseline)

445 net GWh (1.9% of baseline :;:
Sa|eS) 25%
 Corresponding savings in the 20t
maximum achievable case are .
654 net GWh (2.8% of baseline) 5 d d
s This equates to average annual o — m—
savings in the range of 0.7% to - R o o -
;| _0% M Rea'istic Achlevable Poteatial M Maximum Achlevab'e Potential
Economic Potential Technical Potential
2019 2020 2021 2030 2037
Baseline Projection (GWh) 23,313 23,314 23,321 24,457 25,912
Cumulative Net Savings (GWh)
Realistic Achievable Potential 192 318 445 1,621 2,608
Maximum Achievable Potential 275 465 654 2,288 3,596
Economic Potential 524 889 1,239 3,767 5,614
Technical Potential 678 1,202 1,700 5,263 7,495
Cumulative as % of Baseline
Realistic Achievable Potential 0.8% 1.4% 1.9% 6.6% 10.1%
Maximum Achievable Potential 1.2% 2.0% 2.8% 9.4% 13.9%
Economic Potential 2.2% 3.8% 5.3% 15.4% 21.7%
Technical Potential 2.9% 5.2% 7.3% 21.5% 28.9%
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KCP&L TOTAL SUMMER PEAK DEMAND POTENTIAL

* |n 202 1, cumulative realistic Cumulative Electric Summer Peak Demand Savings (% of
achievable summer peak Baseline)
demand savings are 82 net MW 0% )
(1.5% of baseline sales) 2K ——
* Corresponding savings in the e
maximum achievable case are o
115 net MW (2.2% of baseline) o = i'
* This equates to average annual G T oy . s
savings in the range of 0.5% to
07% W Realistic Ach'evab'e Potential  m Maximum Achievzble Potential
Econom!c Potential Technical Potential
2019 2020 2021 2030 2037
Baseline Projection (MW) 5,315 5,317 5,319 5,485 5,717
Cumulative Summer Peak Demand Savings (MW)
Realistic Achievable Potential 38 60 82 290 453
Maximum Achievable Potential 50 82 115 405 620
Economic Potential 98 161 222 711 1,035
Technical Potential 130 226 320 1,053 1,491
Summer Peak Demand Savings (% of Baseline)
Realistic Achievable Potential 0.7% 1.1% 1.5% 5.3% 7.9%
Maximum Achievable Potential 0.9% 1.5% 2.2% 7.4% 10.8%
Economic Potential 1.8% 3.0% 4.2% 13.0% 18.1%
Technical Potential 2.5% 4.3% 6.0% 19.2% 26.1%

)
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KCP&L ENERGY EFFICIENCY POTENTIAL BY SECTOR

» Around 40% - 50% of Cumulative RAP Savings by Sector (GWh)

: i v oy 3,000
achievable savings potential in
2,500
any given year comes from I I |
a ¢ I |
the commercial sector e .
i | !
- - | ] | |
* 35% to 50% from residential 1,000 ; i
. . Sw ] .
* 8 to 12% from industrial -
2019 2020 2021 2030 2037
Res‘dential 1 Commercial Industrial
2019 2020 2021 2030 2037
Realistic Achievable Potential
Cumulative Savings (GWh)
Residential 98 146 194 595 937
Commercial 79 142 206 830 1,351
Industrial 15 30 45 195 320
Total 192 318 445 1,621 2,608
Maximum Achievable Potential
Cumulative Savings (GWh)
Residential 129 197 265 770 1,192
Commercial 123 222 319 1,225 1,933
Industrial 23 47 70 294 471

Total 275 465 654 2,288 3,596 12



RESIDENTIAL MARKET PROFILE - ELECTRICITY
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Summer Peak Winter Peak

Electricity Sales % of Total Avg. Use / Demand Demand
Segment Households {GWh) Usage Household (kWh) (Mw) (Mw)
KS - Single Family 131,919 2,011 23% 15,241 707
KS - Multifamily 36,770 310 4% 8433
KS - Single Family LI 20,344 237 3% 11,649
KS - Multifamily LI 30,983 181 2% 5,849
KMO - Single Family 125,094 1,580 18% 12,630
KMO - Multifamily 48,095 36 4% 7,194
KMO - ingle Family L . ' a% 8,424
KMO - Multifamily U : 2% 6,083
MPS - Single Family 138,198 23% 14,053
MPS - Multifamily 14,845 95 1% 6,420
MPS- Single Family LI 43,406 493 6% 11,359
MPS - Multifamily LI 24,607 135 2% 5,480 32
SILP - Single Family 442 5% 14,505 131 111
SILP - Muttifamily 64 1% 9,284 i3 I |
SILP - Single Family LI ( 162 2% 10,916 52 39
SILP - Multifamily LI 5461 38 0% 7,019 8
Total 742,047 8,585 100% 11,569 2,786 2,043

Sources: KCP&L 2016 Residential Customer Survey, KCPAL Billing data, AEG Energy Market Profiles

14



RESIDENTIAL MARKET PROFILE - ELECTRICITY

Residential Electric Use by Segment, 2015

SILP - Muktifamily, SLP - Single Family
SILP-Single Family, 1% \ IU‘ 2%
S5 == e

SILP- Multfarrity
U, 0%

M25 - Mulsfamily _—
L, 2% 1 S - Sirghe Family,

M5 Single Famiy
U, 6%
[ KS - Mursifamity, &%
MES- Mukifarry,
1%
MFS - Single
Famity, 23%

__KS-Sirglz Family

A U, 3%

T KS - Muttifarrily U,
2%

KO- Single Iiﬂ'l.ﬁj
U, 4% KMO- Muttfamiy,
4%
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Residential Electricity Use by End Use, 2015

Miscellaneous
8%

Electronics 8% Cooling 23%

Appliances
21%
Heating 21%
Exterior
Lighting 2% )
Interior Water Heating
Lighting 12% 5%

Sources: KCP&L 2016 Residential Customer Survey, KCP&L Billing dala, AEG Energy Market Profiles

RESIDENTIAL BASELINE PROJECTION

BY END USE

* Baseline projection

15
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Residential Electricity Projection by End Use

u Cooling

H Heating
Water Heating
Interior Lighting

H Exterior Lighting

includes the effects of 12,000
appliance standards, EISA,
and naturally occurring 10,000
efficiency
8,000
* Baseline projection shows
load growth of 18.5% by Gk 61000
2037
* Average annual growth of 4,000
0.77% [y
2,000

Appliances
® Electronics

B Miscellaneous

2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037

16
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ESIDENTIAL ENERGY EFFICIENCY POTENTIAL
Residential Cumulative Savings (% of Baseline)
° In 2021, cumulative realistic 3s%
. . . 30%
achievable potential savings J55s
are 194 net GWh (2.1% of 20%
b line) 15%
aseline 10%
5% .'E
0% — -— |
2019 2020 2021 2030 2037
B Realistic Ach'evable Potential  m Maximum Achlevab'e Potential
Econom’c Potential Technical Potential
2019 2020 2021 2030 2037
Baseline Forecast (GWh) 9,001 9,094 9,096 9,541 10,175
Cumulative Savings (GWh)
Realistic Achievable Potential 98 146 194 595 937
Maximum Achievable Potential 129 197 265 770 1,192
Economic Potential 269 422 565 1,340 1,975
Technical Potential 346 589 819 2,294 3,229
Energy Savings (% of Baseline)
Realistic Achievable Potential 1.1% 1.6% 2.1% 6.2% 9.2%
Maximum Achievable Potential 1.4% 22% 2.9% 8.1% 11.7%
Economic Potential 3.0% 4.6% 6.2% 14.0% 19.4%
Technical Patential 3.8% 6.5% 9.0% 24.0% 31.7%
17
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RESIDENTIAL TOP MEASURES
ToP MEASURES IN 2021, REALISTIC ACHIEVABLE POTENTIAL (RAP)

End Use Share of Savings, 2021

2021 Electronics Miscellaneo
Cumulative 3% us 2%
Rank M / Technology Savings (GWh) % of Total Appliance
1 Interior Lighting - General Service Screw-In LED 663  34.1% 11% Cooling
Behavioral Programs 277 142% 5%
3 Thermostat - WiFifInteractive 14.2 7.3% 1
4 Interior Lighting - Exempted Screw-In LED 137 7.1% Heating
5  Exterior Lighting - Screw-in LED 129 6.6% Exterior 18%
6  Cooling - Central AC 83 4.3% Lighting 7%
7 Rfgr. - Decommissioning and Recycling 8.1 4.2%
8  Insulation - Wall Cavity Installation 6.2 3.2%
9 Insulation - Ceiling Installation 4.8 2.4%
10  Freezer - Decommissioning and Recycling 37 1.9% Water
11 Insulation - Radiant Barrier 33 1.7% Interior Heating 2%
12 Ductless Mini Split HP (Ducted Forced Air) 26 1.3% Lighting
13 Ducting - Repair and Sealing 24 1.2% 42%
14 Heating - Air-Source Heat Pump 21 1.1%
15 Appliances—Refrigerator 21 1.1%
16  Water Heater — Heat Pump (<= 55 Gal) 21 1.1% i eanes " o
17 Windows - High Efficiency/ENERGY STAR 17 09% * LED lighting measures provide the majority of
18 Electronics - Personal Computers 12 0.6% savings since penetration in KCP&L territory is still
19 Elec Furnace- Convert to Air-Source Heat Pump 1.2 0.6% relatively low
e $::)alian(es HRer 132:2 950::: *  Wifi thermostats, HYAC measures, and behavioral
Total RAP savings in 2021 194.4 100% programs, round out the other biggest savers



RESIDENTIAL BASELINE AND POTENTIAL PROJECTiONS

12,000

10,000

8,000

GWh 6,000 -

4,000

2,000
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Residential Electric Potential Projections

= et

=——Realistic Achievable Potential
~——Maximum Achievable Potential
- Economic Potential
~—Technical Potential

= Baseline Forecast |
I
|
[

2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037
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COMMERCIAL ENERGY EFFICIENCY POTENTIAL

. Lo Commercial Cumulative Savings (% of Baseline)
¢ In 2021, Cumulative Realistic

Achievable Potential savings 20%

are 206 net GWh (2.3% of o
baseline) 15%
10%
; "
O — -— =
2019 2020 2021 2030 2037
H Realistic Achlevable Potential 1 Maximum Ach'evable Potential
Economic Potential Technical Potential
2019 2020 2021 2030 2037
Baseline Forecast (GWh) 8,870 8,866 8,876 9,471 10,171
Cumulative Savings (GWh)
Realistic Achievable Potential 79 142 206 830 1,351
Maximum Achievable Potential 123 222 319 1,225 1,933
Economic Potential 207 372 532 1,880 2,806
Technical Potential 270 492 703 2,315 3,289
Energy Savings (% of Baseline)
Realistic Achievable Potential 0.9% 1.6% 2.3% 8.8% 13.3%
Maximum Achievable Potential 1.4% 2.5% 3.6% 12.9% 19.0%
Economic Potential 2.3% 4.2% 6.0% 19.8% 27.6%
Technical Potential 3.0% 5.5% 7.9% 24.4% 32.3%

Note: Potential from MO Opt Out cuslomers has been removed from the Realislic and Maximum Achievable cases

d Energy Gioup
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COMMERCIAL TOP MEASURES
Top MEASURES IN 2021, REALISTIC ACHIEVABLE POTENTIAL (RAP)
2021 Net
Cumulative End Use Share of Savings, 2021
Savings

Rank Measure / Technology (GWh) % of Total
1 Interior Lighting - Linear LED 19.8 9.6% Miseellanasus
2 Interior Lighting - Screw-in LED 193 9.4% O_fﬁce 0%
3 Office Equipment - Server 19.1 9.2% Equipme
4 Int. Lighting - High-Bay Fixtures LED 17.1 8.3% Heating 4%
5 Exterior Lighting - Area Lighting LED 16.1 7.8% - Ventilation 5%
6 Exterior Lighting - Screw-in LED 125 6.1% Prepratian 3 Water Heating
T Retrocommissioning 120 5.8% ) 7 1%
8  Office Equipment - Desktop Comp 87  41% RE’“?;’?""“ \
9 Interior Lighting — Networked Ctrls 7.8 3.8%
10 Cooling - Water-Cooled Chiller 6.2 3.0%
11 Interior Fluorescent - Delamp 6.0 2.9% o :’_‘E“";;%
12 Ventilation ~ Ventilation Upgrade 59 29% el
13 Exterior Lighting - Linear Lighting 58 2.8%
14 Interior Lighting - Embedded Ctrls 53 2.6% interor
15 Thermostat - WiFi/Interactive 39 19% Lighting :39%
16  Food Preparation - Broiler 37 1.8%
17  Data Center - Best Practices 34 1.6%
18  Destratification Fans (HVLS) 3.0 1.5%
19 RTU-Advanced Controls 21 10%  Again, LED lighting provides the most
20  Cooling - Air-Cooled Chiller 2.1 1.0% 5 % s < .

Total 1800  87.3% savings potential since penetration in
Total RAP savings in 2021 206.2 100.0% KCP&L territory is still relatively low

* HVAC and office equipment savings also
contribute a lot, including substantial
opportunity in data centers

22



INDUSTRIAL ENERGY EFFICIENCY POTENTIAL

° |n 2021, Cumulative Realistic

Industrial Cumulative Savings (% of Baseline)

AEG

"

2037

Achievable Potential savings 20%
are 45 net GWh (0.8% of 15%
baseline) 1%
5% ' ﬂ
o — — - .‘
2019 2020 2021 2027
B Realistic Achlevab'e Potential m Achievab'e Patential
Economlc Potential Techn'cal Potential
2019 2020 2021 2027 2037
Baseline Forecast (GWh) 5,352 5,354 5,349 5,404 5,566
Cumulative Savings (GWh)
Realistic Achievable Potential 15 30 45 142 320
Maximum Achievable Potential 23 47 70 216 471
Economic Potential 48 96 141 412 832
Technical Potential 61 122 178 500 977
Energy Savings (% of Baseline)
Realistic Achievable Potential 0.3% 0.6% 0.8% 2.6% 5.8%
Achievable Potential 0.4% 0.9% 1.3% 4.0% 8.5%
Economic Potential 0.9% 1.8% 2.6% 7.6% 15.0%
Technical Potential 1.1% 2.3% 3.3% 9.3% 17.6%

Note: Potential from MO Opt Out customers has been removed from the Realistic and Maximum Achievable cases

INDUSTRIAL TOP MEASURES
Top MEASURES IN 2021, REALISTIC ACHIEVABLE POTENTIAL (RAP)

2021
Cumulative
Savings % of
Rank Measure / Technology (GWh) Total

1  Interior Lighting - High-Bay Fixtures LED 53 11.8%
2 Cooling - Water-Cooled Chiller 4.1 9.2%
3 Exterior Lighting - Area Lighting LED 3.2 7.1%
4 Process - Timers and Controls 2.5 5.5%
5 Interior Lighting - Linear Lighting LED 23 5.1%
6  Compressed Air - Equipment Upgrade 2.2 4.9%
7  Compressed Air - Leak Mgmt Program 2.1 4.7%
8 Interior Lighting - Screw-in LED 21 4.7%
9  Int. Lighting - Networked Fixture Ctrls 1.8 4.1%
10  Exterior Lighting - Screw-in 1.8 4.0%
11 Thermostat - WiFifInteractive 1.7 3.7%
12 Destratification Fans (HVLS) 16 3.5%
13 Pumping System - Equipment Upgrade 1.5 3.4%
14  Material Handling - VSD 1.4 3.2%
15 Strategic Energy Management 13 2.9%
16  HVAC - Economizer 1.2 2.7%
17  Pumping System - System Optimization 11 2.5%
18  Pumping System - Variable Speed Drive 11 2.5%
19 Retrocommissioning 1.0 2.3%
20 Int. Lighting - Embedded Fixture Ctrls 0.9 1.9%

Total 40.2  89.9%

Total RAP savings in 2021 44,8 100.0%

23
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End Use Share of Savings, 2021

Process 5% .

Miscellaneou
\ s 1%
=

Motors 31%

Exterior
Lighting 12%

* LED lighting savings are large

_— Heating 2%

— Venti'ation
%

* Motor system optimization measures
provide substantial savings as well

* Some HVAC potential available in chiller
equipment and optimization

24
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OTHER POTENTIAL STUDIES

* Caveat: The problem with a direct comparison of potential studies is that they are apples, oranges, pears,
mandarins — a whole fruit basket. It is misleading to compare results at face value, and in the table below
we show only a small selection of the assumptions and variables that can drive differences in results.

¢ This direct comparison of raw study results shows that the current KCP&L study estimates substantial savings
that are very much within the range of other estimates.

* Compared to several of the other studies, the KCP&L results have similar technical potential, but economic
potential is lower due to low avoided costs. As a result, achievable potential is lower too.

Annual Average ive P
- bl [t | | oo o ™ok el i | oo
i Savings | Measure Life

KCP&L All [AEG, 2016) 2019-2037 19 0.5% 0.7% 11% 15% Het Measures expire | Only Elec benefits Yes
kc?ll—MO {Navigant, 2013) 2014-2033 | 20 0.9% 1.3% 1.7% 2.1% Gross Naroil-off Elec & Gas Benefits Yes
[kcpaL-GMo (Mavigant, 2013) 2014-2033 | 20 11% 1.4% 18% 23% Gross Ho ro'l-off Elec & Gas Benefits Yes
KCPEL-XS (Navigant, 2013} 2014-2033 | 20 0.9% 1.2% 1.6% 2.7% Gross No rotloff Elec & Gas Benefits Yes
meren MO (AEG, 2013) 2016-2030 15 0.8% 1.1% 1.5% 19% Net Measures expire | Only Elec benefits Yes
meren IL (AEG, 2015) 20172036 | 20 0.6% 0.8% 1.1% 16% Net Measures exp're | Elec & Gas Benefits No
ICalforn'a I0Us (Navigant, 2015) 2013-2024 | 12 0.6% 2.0% Gross ? Elec & Gas Benefits HNo

di s PEL (AEG, 2014) 2015-2034 | 20 0.5% 12% 1.6% Net Measures expire | Only Elec benefits Yes
E’rort State (Optimal, 2014) 2013-2032 | 20 0.5% 23% 7 T Elec & Gas Benefits Ho
INWPCCTth Plan (NWPCC, 2015) 2016-2035 | 20 0.9% 1.0% 1.2% Net ? Flec & Gas Benefits No
i&fenmnl (GDS, 2014) 2014-2033 20 1.2% 14% 1.5% Gross g Elec & Gas Benefits No

26



NEAR-TERM PROGRAM ACHIEVEMENTS Tanas® RIS
THE 2015 ACEEE STATE SCORECARD

+ The 2015 ACEEE State Score Card shows that 2014 annual savings cluster between 0% and 1.5% of sales
* Red lines indicate range of achievable savings estimated for first RAP and MAP years.

50 States’ Electric DSM Programs

_ 400% — —
g 3.50% i 1= S gl
S gl |

i 1 e
P 3.00% ‘ ‘
g f &
3 | =i
: =
£ (ot RS MAP = 1.2% in first

= rstyear

g -:—t--q----t.’-------—‘ ------ i e ’
E L ] ‘-'_. e :.
& hat® | RAP = 0.8% In first year
3 -y
& |

2.00% 4.00% 6.00% 8.00%
2014 spending as % of state electricity revenues

+ Note Outliers on Electric Graph above 2% Savings: Rl and MA (3.5% and 2,5% respectively). States allow counting of substantial
CHP, codes & standards, and customer generation toward EERS goals. Ri population so small that a single, large CHP project is
responsible for 50% increase in 2014 savings relative to 2013 actuals and 2015 plans.
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KEY DR AND DSR MODELING ISSUES

LIST OF DEMAND RESPONSE PROGRAM OPTIONS

ABG

This portion of the analysis evaluates Demand Response and also incorporates the outcomes
of the Demand Side Rate development process with Brattle and Stakeholders.

Demand Response and Demand Side Rates are “program” (not measure) concepts.
Customers will not take these actions without a utility offering.
While the two are quite different from the customers’ perspective, they are similar with
respect to modeling requirements, so we analyze them together here.
Some programs will target the same customers so we have to be careful not to overstate
participation. We do this as follows:

* First, we look at each program on a standalone basis (and without an economic screen) in order to

assess them individually.

* Then we create a second case where we impose a participation hierarchy so that customers cannot
participate in more than one program. This eliminates double counting.

 In this “integrated” case, we also apply the economic screen to remove programs that do not have a
TRC benefit to cost ratio > 1.0.

Advanced Metering Infrastructure (AMI) is actively rolling out now, with ~500k meters in the
metro area already, and should be completed soon. For this analysis, we assume that AMI is
fully available in the years of interest for the study (2019-2037)

The large C&I customer Opt-Out provision is not applicable to DR and DSR resources, so no
associated removal or adjustment is made in this portion of the analysis.

29
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Demand Response Options for KCP&L Potential Analysis
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Eligible
Program Option Customer Mechanism cuyeant Utiny
Offering?

Segments
DLC Space Cooling
DLC Room AC Residential, |Direct Load Control switch installed on customer’s equipment and operated
DLC Water Heating Small C&I remotely, typically by RF.
DLC Space Heating

Residential, - ) .
DLC Smart Appliances Small C&l Internet-enabled control of operational cycles of white goods appliances.
DLC Smart Thermostats R::::ﬁr:;" Internet-enabled control of thermostat set points. Yes

|Customers enact their customized, mandatory curtailment plan. May use stand-by
generation. Penalties apply for non-performance. Various delivery mechanisms,
Curtailment Agreements Eargetal contractual payment and penalty structures used — interruptible tariffs, third party Yer
aggregation, etc.
Ice Energy Storage Small C&1 Peak shifting of primarily space cooling loads using stored ice.
Peak shifting of loa ing batteries on thi stomer side of the meter (stored
Battery Energy Storage Al i mg.n loads using ri n the cu: 7 S e meter (stor
electrochemical energy).

Electric Vehicle DLC Smart i Smart, connected EV chargers that would automate vehicle charging such that it

Residential § :
Chargers occurred preferentially during overnight, off-peak hours.

* Comprehensive list of DR programs available in the DSM marketplace today and
forecasted into the 20-year study time horizon
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SELECTING DEMAND-SIDE RATES FOR ANALYSIS
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AEG and The Brattle Group held a workshop with KCP&L staff to:

G wN e

. Review current KCP&L rates

Identify the universe of demand-side rate alternatives
Identify strategic pros and cons

Compare demand-side rates to KCP&L's current rates
Recommend a set of rates for the potential analysis

Out of these discussions, we identified the following 10 rate options
for initial, qualitative analysis and consideration:

® Critical Peak Pricing (CPP)
* Demand Charges

* Electric Vehicle (EV) Rates
¢ Inclining Block Rates (IBR)
* Peak Time Rebates (PTR)

° Prepaid Rates

* Real-Time Pricing

* Seasonal Rates

* Time-of-Use (TOU)

* Variable Peak Pricing (VPP)

AEG

LIST OF DEMAND-SIDE RATE OPTIONS G Aot Sty G

To further select DSR options for quantitative analysis; AEG, Brattle, and KCP&L then met with stakeholders,
gathered their input, considered the degree of departure from KCP&L's current rates, weighed the strategic
pros and cons, and considered the analysis schedule and budget.

The final conclusion of the qualitative analysis was to proceed with the following rates for inclusion in the

quantitative models:

Eligible Customer

Program Option Seamnis

Demand Rates Residential

Residential, Small C&1,

Time-of-use Rates Large C&I

Real-time Pricing Small C&J, Large C&!1

Inclining Block Rates Residential

Mechanism

Opt-in rate that includes a billing component based on a customer’s peak demand in a given
month. This rate structure has traditionally been reserved for C&1 customers, but better reflects
the grid's evolving underlying cost structure and is being considered for residential application.
Opt-in and opt-out options correspond to RAP and MAP respectively. We also investigate the
effects of this rate on customers with electric vehicles, who would in effect have an “enabling
technology” in the form of their EV that would enable them to shift large amounts of usage and
demand by charging their EV on off-peak hours.

Higher rate for a particular block of hours that occurs every day. Requires interval meters. Opt-in
and opt-out options correspond to RAP and MAP respectively. Similarly to demand rate, we also
investigated TOU rates for customer with electric vehicles.

Dynamic rate that fluctuates throughout the day based on energy market prices. Requires Interval
meters, This Is modeled with an opt-in roll-out, which is the only typical implementation that has
been observed in the industry. Low and high opt-in participation levels are assumed for RAP and
MAP respectively.

Higher per-unit charge for incremental blocks of monthly energy usage. This is modeled witha
mandatory roll-out, which is the only typical implementation that has been observedin the
industry. We investigate two cases here, one where the fixed charge remains the same, and
another where the fixed charge increases in a manner that is often done in these implementations
to preserve revenue stability.



PARTICIPATION HIERARCHY
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= The DR and DSR options are stacked in a loading order for modeling to account for interactions among
programs which would compete for the same customers

* With the hiera rchy, each successive program has a newly updated pool of eligible participants, where
customers enrolled in previously-loaded resource options have been removed from consideration.

+ The programs’ participation rates are then applied to that pool, rather than the entire population pool. DR
loaded first since they are generally preferred by resource planners as more firm & dispatchable.

Loaded
First

Loaded
Last

Customer Class Residential Small C&I Large C&lI
DLC Space Cooling X %
X X |
b3 X
DL The ts x x !
DLC Smart Appliances X
DLC Room AC X !
Ice Energy Storage X
Battery Energy Storage X X X
DLC Elec Vehicle Charging. x |
Time-Of-Use x x X
Time-Of-Use w EV. x
Demand Rate X
Demand Ratew EV X
Real Time Pricin X X
Inclining Blo W e £ LS




SUMMER PEAK SAVINGS POTENTIAL

STANDALONE, BEFORE ECONOMIC SCREEN

Summer Peak Savings, Selected Years

Irglining Block Rate

‘§‘ B00 8 Re2l Time Pricing
+ DLC Smart thermostat and Curtaiiment programs are £ 700 = Demand Rate w EV
existing KCP&L programs. 2018 was calibrated to 3 co0 — = .f":;fzjww
" s -Uds
match existing program performance & Ll
g o0 r—=  Tima-Of-Use
+ Top savers in 2037 are DLC Smart Thermostat, TOU 9 isd i ; .:lct:z E\i:ﬁ;s__r::;ege_
Rate, and Demand Rate 2 | . i
8 100 A= B Curt2] Agreements
* Sum Total not applicable since not all programs can run g : W ke Energy Storage
s ) S 200 =1 W OLC Room AC
simultaneously in the standalone analysis case £ <
= 100 . ' ® DLC Smart Appiances
2 B OLC Srant Thermostats
g - . oo
2019 2020 2021 2030 2037  ®mDICSpaca Cooling
Realistic Achievable Potential Maximum Achievable Potential
203735% 2037 as%
2019 2020 2021 2030 2037 |of Baseline 2019 2020 2021 2030 2037 of Baseline
Baseline Forecast (Summer MWY) 5,347 5,321 5,276 5,240 5,423 5,347 5321 5,276 5,240 5,423
DLC Space Cooling 6.26 19.00 44386 70.52 75.21 1.39% 7.24 2199 51.50 81.54 26.51 1.60%
DLC Space Heating - - - - - 0.00% - - = - - 0.00%
DLC Water Heating 1.18 360 854 13.98 15.39 0.28% 177 5.40 12.81 2097 23 0.43%
DLC Smart Thermostats 6139 8675 11267 17896  190.94 352% 100.01 12670 15268 21955 23463 4.33%
DLC Smart Applances 053 159 373 5.60 5.7 0.11% 079 238 5.60 8.40 864 016%
DLCRoom AC 037 110 256 364 359 0.07% 055 164 3.84 5.46 5390 0.10%
lce Energy Storage 042 127 298 4.40 4.51 0.08% 0.63 191 4.46 6.60 5.76} 0.12%
Curtail Agreements 4227 48.69 54.83 65.79 56.26 1.04% 60.48 76.75 87.37 98.68 24.40 1.56%
DLC Elec Vehicle Chargina 0.04 0.14 0.40 191 2.74) 0.05% 0.06 0.21 0.60 287 4.11 0,08%
Battery Energy Storage 191 5.78 1357 20.29 20.86, 0.38% 345 10.40 2441 3643 37.42 0.69%
Time-Of-Use 9.57 28.65 6647 96.65 110,57 2.04% 25743 24791 237.80 21177 23201  4.28%
Time-Of-Use w EV 0.33 1.18 332 15.79 2265 042% 389 468 5.64 18.80 5. 0.50%
Demand Rate 8.80 26.36 61.18 89.21 104.76 1.93% 18873 18268 17611  162.55 190,83] 3.52%
Demand Rate w EV 033 118 332 15.78 2263 042% 3.89 468 564 18.78 2698 050%
Real Time Pricing 0.11 091 315 27.74 23.75 0.44% 5.95 37.78 7054 47.77 4090,  0.75%
Inclinng Block Rate 35.96 35.88 35.70 36.43 42,78 0.79% 35.96 35.88 35.70 36.43 42.73! 0.79%

REALISTIC ACHIEVABLE LEVELIZED COSTS PER SUMMER KW

STANDALONE, BEFORE ECONOMIC SCREEN

AEG
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* Largest conlributor to peak reduction, DLC Smart Thermostat, and many olhers have levelized well below $100/kW-year.
* DLC Electric Vehicle very highest levelized costs due to high technology/equipment costs and fixed admin costs.
« Considering adding a benefit to EV-related DR and Rale options for highly-localized avoided T&D infrastructure costs.
= Similar cost situation with Battery Storage and Ice Energy Slorage
* 20 year average TRC ralio only assigns value of capacity to summer demand savings.

Levelized $ / Summer kW-year @ Meter 2018-2037

Option KCP&L-MO GMO-MPS GMO-SILP
Residential_DLC Space Cooling $46.94 $47.08 $46.84
Residential_DLC Space Heating
Residential_DLC Water Heating $89.40 $89.09 588.30
Residential_DLC Smart Thermostats $49.36 549,82 $53.88
Residential_DLC Smart Appliances $237.07 $237.47 $234.15
Residential_DLC Room AC $119.49 $132.59 $128.21
Residential_DLC Elec Vehicle Charging $254.67 $248.95 $255.08
Residential_Battery Energy Storage $233.05 523340 $230.46
Residential_Time-Of-Use $3.88 $3.58 $3.70
Residential Time-Of-Use w EV $10.42 $10.07 $10.52
Residential_Demand Rate $6.17 $6.05 $6.25
Residential_Demand Rate w EV $5.79 $43.27 $45.05
Residential_Inclining Block Rate $42.57 $43.27 $45.05
C&I_DLC Space Cooling $65.39 $64.97 $65.02
C&I_DLC Space Heating
C&|_DLC Water Heating $79.86 $79.16 $79.24
C&I_DLC Smart Thermostats 545,29 $41.36 $46.35
C&I_Curtail Agreements $55.00 $55.00 $55.57
C&I_Ice Energy Storage $197.75 $194.74 $195.09
C&I|_Battery Energy Storage $255.86 $247.77 $264.33
C&] Time-Of-Use $1.69 $3.14 $1.90
C&I1_Real Time Pricing $4.31 $5.59 $5.62

System Wid
Avg Levelized | 20 Year TRC
KCPELKS | e ew (2018- Ratio
2037) e
$47.10 $47.03, 3,07
$89.22 $89.08 1.65
$50.02 $50.00 2.92
$238.62 $2ar.45| 0,83
$129.26/ $126.67 1.14
$255.53I $253.5 0.79
$234.38 $233.37 049
$2.80 $3.37 55.23
$10.51 $10.37 19.10
$4.41 $5.45 34.91
530.07“ $5.76 3541
530.071 $38.01 8.81
$65.56 $65.29 2.20
0.05
$80.15 $79.69 1.84
$40.76; $42.qu 3.39
$55.00, $55.06 254
$198.97 $197.00 0.68
$257.27 $254.12 0.40
$2.60| $2.24 84.16
$5.53 $5.14) 37.36




SUMMER PEAK SAVINGS POTENTIAL
INTEGRATED, WITH ECONOMIC SCREEN
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Summer Peak Savings, Selected Years

* Realistic achievable potential reaches 527.41 MW in 2037, _ €0 * Inclining Bock Rate
equal to reducing KCP&L's summer forecast by 9.73%. MAP H __ mReal Time Pricing
i 2500 ’
is 11.57%. 3 1 Demand Rate w EV
+ Top savers in 2037 are DLC Smart Thermostat, Demand Rate, 5 400 © Demand Rate
DLC Central AC, TOU Rate, and Large C&I Curtailment 06 4 B Time-Of-Use w £V
Agreements 3 ‘ © Time-Of-Use
* Several not cost effective: DLC Smart Appliances, DLC Room 2 200 . B Curtal Agreaments
AC, DLC EV Charging, Ice Energy Storage, and Battery Storage 100 B DLC Smart Thermostats
e 1 DLC Water Heating
2019 2020 2021 2030 H DLC Space Coating
Realistic Achievable Potential Maximum Achievable Potential
2037a5% 2037 as%
2019 2020 2021 2030 2037 | of Basefine 2019 2020 2021 2030 2037 | of Baseline
Baseline Forecast (Summer MW) 5,347 5,321 5,276 5,240 5,347 57321 5,276 5,240
Achievable Potential (MW) 16002 233.68 34165  497.66 9.73% 41368 46200 52092  608.10 11.57%
DLC Space Coaling 626 19.00 44.86 70.52 139% 7.24 21.99 5180 8154 1.60%
DLC Space Heating - - - - 0.00% - - - - 0.00%
DLC Water Heating 118 380 854 1398 0.28% 177 5.40 1281 2097 0.43%
DLC Smart Thermostats 61.01 85.14 107.79 167.33 3.28% 99.30 124.04 14516 20363 3.99%
DLC Srart Appliances E & s = 0.00% - - - - 0.00%
DLCRoom AC - - - - 0.00% * - - - 0.00%%
Ice Enargy Storage - - - - 0.00% - - - - 0.00%
Curtail Agreements 4227 4869 54.83 65.79 104% 6048 76.75 87.37 98,68 1.56%
DLC Elec Vehicle Charging - = - - 0.00% - - - = 0.00%
Battery Energy Storage - - = - 0.00% - - - - 0.00%
Time-Of-Use 898 2594 5734 76.87 1.60% 23732 22184 20420 16874 3.32%
Time-Of-Use w EV 030 097 2.28 838 0.23% 0.03 0.14 028 219 0.06%
Demand Rate 7.97 21.62 4172 49.41 1.05% 168 6.18 9.82 1861 0.40%
Demand Rate w EV 029 089 183 6.32 0.16% 0.00 0.00 0.02 0.34 0.01%
Real Time Pricing 0.11 038 290 24.13 038% 5.85 561 9.22 12.74 0.20%
Inclining Block Rate 31.65 26.95 1957 14.44 031% 0.00 0.05 0.14 0.65 0.01%
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WINTER PEAK SAVINGS POTENTIAL

INTEGRATED; WITH ECONOM]C SCREEN Winter Peak Savings, Selected Years
150 Inclining B'ock Rate
+ Realislic achievable potential reaches 312.69 MW 300 = 1 Real Time Pricing
in 2037, equal to reducing KCPAL s winter 2 Bl & Demand Ratew EV
forecast by 7.68% MAP is 8.92%% -
: Realistic 200 _— ] Demand Rate
+ Top savers in 2037 are DLC Smarl Thermostat, Achievable - B
Demand Rate, and Large C&I Curtailment Potential (Mw) 150 =1 m Time-Of-Use w EV
Agreements ) = Time-Of-Use
* Space Healing DLC excluded because not cost - B Curtail Agreements
ef-feciive. age_xin because no modeled value to R pr——
winter capacity. 2
2019 2020 2021 2030 2037 DLC Water Heating
Realistic Achievable Potential Maximum Achievable Potential
2037a5% 2037 a5%
2019 2020 2021 2030 2037 of Baseline 2019 2020 200 2030 2037 of Baselne
Baseline Forecast (Summer MW) 4,214 4,192 4,123 3,593 4,214/ 4,250 4,202 4,196 4,209 4,214
Achevable Potential (MW) 99.81 144.04 20461 296.02 Ji1£91 7.68% 268.49 313.02 33395 368.08  376.32 8.92%
DLC Space Cooling = = = = 1 0.00% = - - - g 0.00%
DLC Space Heating - - - - R 0.00% - - - - g 0.00%
DLC Water Heating 118 3.60 854 13.98 15.394 0.38% 177 540 12.81 20.97 23,08 0.55%
DLC Smart Thermostats 3182 47.19 5974 92.74 98.70) 242% 55.07 68.70 £0.38 112.82 119.99 2.85%
DLC Smart AppFances - - - - & 0.00% # o 2 = 1 0.00%
DLC Room AC - - - - 1 oo00% - = - - {1 oo00%
Ice Energy Storage - - - - _ 0.00% - - - 5 4 0.00%
Curtail Agreements 3656 4254 47.96 58.89 53.87] 132% 52.72 6761 76.85 £8.33 80.80] 1.92%
DLC Elec Vehide Charging - - - - E 0.00% = = = = & 0.00%
Battery Enzrgy Storage - - - - E 0.00% = - 2 = E 0.00%
Time-Of-Use 6.13 17.66 3869 49.40 53.89 132% 172.38 161.15 147.46 117.65 122.41 2.90%
Time-Of-Use w EV 028 050 2.12 827 11.74) 0.29% 0.03 0.13 0.26 204 2.89 0.07%
Demand Rate 660 17.81 33.96 3771 42.23] 1.04% 139 509 7.99 14.20 15.84) 0.38%
Demand Rate w EV 033 1.01 208 7.21 10.1§] 0.25% 0.00 001 0.02 039 0.55) 0.01%
Real Time Pricing 0.03 0.75 251 21.59 19.77] 0.49% 513 491 8.11 1140 10.44) 0.25%
Inclin'ng Block Rate 14.81 12.56 9.00 6.23 6.94 0.17% 0.00 0.02 0.06 028 031 0.01%
SUMMER REALISTIC ACHIEVABLE POTENTIAL BY PROGRAM AND A [ - ,( T o
TERRITORY
INTEGRATED, WITH ECONOMIC SCREEN
Sum of 2037 State
Option Customer Class | KCP&L-MO  GMO-MPS GMO-SJLP KCP&L-KS  Grand Total
DLC Space Cooling Residential 22.90 21.65 4.85 23.11 72.51
Small C&I 0.91 0.79 0.20 0.80 2.70
DLC Space Heating Residential
Small C&I
DLC Water Heating Residential 3.04 5.02 2.14 4.79 15.00
Small C&1 0.13 0.11 0.03 0.12 0.39
DLC Smart Thermostats Residential 54.91 51.87 11.66 55.19 173.64
Small C&I 1.49 1.29 0.32 131 441
DLC Smart Appliances Residential
DLC Room AC Residential
lce Energy Storage Small C&!
Curtail Agreements Large C&I 19.87 12.45 6.65 17.30 56.26
DLC Elec Vehicle Charging | Residential
Battery Energy Storage Residential
Small C&l
large C&I
Demand Rate Residential 20.66 12.37 285 21.16 57.15
Demand Rate w EV Residential 477 1.91 1.09 116 8.92
Time-Of-Use Residential 28.74 16.96 4.11 28.88 78.69
Small C&l 0.08 0.08 0.02 0.11 0.29
Large C&I 267 1.68 0.90 233 7.58
Time-Of-Use w EV Residential 6.78 2.67 1.54 1.61 12,60
Real Time Pricing Small C&I 0.21 0.20 0.05 0.28 0.74
Large C&I 7.03 441 2.35 6.12 19,92
Inclining Block Rate Residential 5.95 361 0.85 6.21 16.62
Grand Total | 180a5 13700 39.70 170.48 527.41
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ACHIEVABLE POTENTIAL PROGRAM COSTS l"fru"’ Applied Encrgy Group
INTEGRATED, WITH ECONOMIC SCREEN

. Costs higher for new programs in the first se years are t of t, marketng, and the ir of equipment e DLC switch
for new partciparis )
0 Program costs drop of after 2023 as programs ere mainta'ned with few new participants and lower iated cosls {i.e. equipment or marketing)
. HNote only cost effective options inciuded
RAP Incremental Spend * Incining Block Rate AR Icremental Se g
S35 W Real Time Pricing ke e ——— B
W Demand Rate w EV
530 © Demard Rate $0 = '
B Time-0f-Use w EV
S35 — . - Tire-0fUse 25 - =
- W Battery Enzrgy Storzge
s20 i - 1 DLC Blec Vekicle Charging s - "
SMEon W Curtzl Agreements $ Miton
R lce Erergy Storaze sis
M DLC Foom AC
wo # DLC Smart Apghances #
ss # DLC Smart Thermostats s
W DLC Witer Heating
$0 M DLC Space Heatirg <0
2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 ™ DLCSpace Cooling 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037
Realistic Achievable Potential Maximum Achievable Potential
T 2020 2021 2027 2037 o201 200 2m 2027 2037
Total Annual Spend (Mison $) $2150  $1947  $25.99 $1262  $12.74 $a5.27  S23.07 2977 S1enm $1627
DLC Spice Cooting $197 $359 $7.27 $199 $2.14 5203 5414 $342 5228 $245
DLC Space Heating - - - - - - g - - i
DLC Water Heating $0.67 $141 $291 5066 $0.75 $100 $111 $436 $0.59 $L12
DLC Smart Thermostats $225 51027 $1053 $5.79 $6.24 $1071 $1159 51120 $7.01 §71.54
DLCSmart Applances. - - - - - - - < g =
DLC Room AC - - - - - - - - - -
lee Erergy Storzge - - - - - - - - - -
Curtzil Agreements 5232 5268 53.02 $363 $3.11 $333 a2 $481 $5.44 $465
DLC Elec Vehicks Charging - - - - - - - - - -
Battery Energy Storage - - - - - - - - - -
Time-Of-Use $029 $048 $0.82 $012 $0.10 $693 4035 $033 5011 $011
Time-Of-Use w EV $0.10 $0.10 $0.11 $0.10 $0.10 $0.06 3006 5006 3063 $0.09
Demand Rate 5047 $0.75 $109 3009 5003 5022 5045 $039 s003 $0.09
Demand Rate w EV $0.04 $004 $005 $004 50.04 s001 $0.02 $002 5003 $003
Real Time Pricing $0.02 5008 $o1 s0.10 s010 s087 5003 $007 $0.10 $009

Incliring Block Rate 51357 5003 6008 $010 50.09 $0.05 5$0.10 $0.12 5009 $009
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KEY CHP ISSUES

= Assessment of electricity potential for CHP systems in KCPL service territory

* Customers in MO that opt-out of MEEIA programs have been removed from achievable potential
tevels, but are still included in technical and economic potentiaf
* This is the same treatment as in EE analysis.

* Low adoption rates because these are highly complex systems that require significant
capital investment, persistent staffing and O&M costs, and substantial coordination
between utility and facility.

= Economics consider both electricity and natural gas
* Benefits: offset of purchased electricity with onsite generation, offset of typical boiler operation

with waste heat recovery
* Costs: first-year installation costs, utility program administration costs as, purchase of natural gas
fuel, persistent non-energy O&M

* Possible accounting mechanism for achievements/targets (Not impiemented here.
Presented for discussion.)

+ Note that, for the counting of savings achievements toward goals, the lllinois TRM section 4.4.32
prescribes an adjustment to the accounting of electric and natural gas inputs and outputs such that
electric savings are discounted to 70% of actual production and net natural gas consumption is

discounted to zero. This effectively trades the net natural gas fuel increases for a slightly lower
value of electric savings.

in this case, the values presented here would be adjusted downward by 30% to be counted toward
MEEIA goals only, but would not be adjusted for load forecasting or resource planning purposes.

43
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KEY ASSUMPTIONS ’
"+ 10 configurations of CHP systems considered
+ One-time customer incentive of $300/kW
+ Utility admin cost assumed as 5% of incentive
« Participation rates start at 49% (MAP) and 32% (RAP) in the first year

$/%W Tnstalied
Cocost i

- Typhal System

. Size (kw o Tetime

Séc!og'f T U Yechnology:

Industrial: " Fuel Cell wf Heat Recovery {1000 kW)

Industrial - Redp Engine wf Heat Recovery (1500 kW)

T Twf Heat Recovery {5 MW)

$3,324.71
: e
15,600 30 $605.00

Data Centers
o
Industrial

Steam Turbing w/ Heat Recovery (15 MAY)

+ Other measure inputs are available to view in the model file, including: peak coincidence factors, efficiency
factors, non-fuel O&M costs, available tax credits, natural gas fuel use and displaced fuel/energy use from
the heating system

* federal Tax credits: 30% of cost for fuel cells, 0% for steam turbines, and 10% for the others. 44
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MEASURE RESULTS - ENERGY

2021 Cumufative 2021 Cumulative 2021 Cumulative

2021 Cumulative Technical Potential Economlc Potential  MAP Savings
Rank Measure f Technology RAP Savings {GWh} % of Total Savings [GWh) Savings {GWh) {Gwh)
1 Industrial - Steam Turbine w/ Heat Recovery 15 78.7% 6.1 6.1 23
2. Commercial- Steam Turblie w/ Heat Recovery. .\ * w011 U 0&T L 208% T 8T 1 2
3 Cammefcial - Fuel Cell w/f Heat Recavery a0 0.0% 67.3 0.0 0.8
4 Comenerchal - Recip Engine w/ Heat Recovery - v - 7 S0 D% . B 368 0o 0.0
5 Commercial- CT w/ Heat Recevery 0.0 0.0% 210 0.0 0.0
6. . Commercial- Microtirbing w/ Heat Recovery: - i 0 QO DOB cocl BRRL 0 00 0.0
7 Industrial - Fuel Cellw/ Heat Recovery 0.0 0.0% 63.6 0.0 0.0
8 Industrial_; Recip Engine w/ Heat Recovery LI 0 B0%. T R 00 0.0
] Industrial - €T w/ Heat Recavery 0.0 0.0% 71.2 0.0 0.0
10 Industeial - Microturbine w/ Heat Recovery . ) 00 00% 234 0.0 0.0
Total RAP savings in 2021 19 100.0% 400.0 74 29
TRL Benefit-to-Cost Ratio [n 2019 Commarcial Industrial TRC Benefit-to-Cost Ratio in 2037 Commercial Industrial

Fuet Cell wf Heat Recovery 0.45 045 Fuel Cell w/f Heat Recovery o650 0.51

Recip Engine wf Heat Recovery - .- 068 . 072 Retip Engine w/ Heat Recovery .~ & .. -0 078 0.85

CT wif Heat Recovery 0.76 0.84 €T w/ Heat Recovery 0.82 0.93

Micotusbine wf Heat Recovery. - - 064 -0 085 Microturbine v/ Heat Recovery. -~ 7 095 0.76

Steam Turbine wf Keat Recovary 1.48 165 Steam Turbine w/ Heat Recovery 165 184

+ Only Steam Turbines with Heat Recovery are cost effective for the entire study.

+ Installed Steam Turbine cost is lower than other technologies since it is only for the Turbine itself. This assumes
that the requisite Stearm Boiler is already installed onsite, which is typically the case for these installations. 45
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Comrheicizﬂ Electric Summary — Opt-Out Removed from MAP and RAP

o . 2019 2020 2021 2030 2037
Baseline Forecast (GWh} - - - 8,740 8,795 8,816 9,489 10,258
Cumulative Savings {GWh) =+ "o R A TR s
Realistic Achievable Potential ot 0.3 X 17 2.9
Maximum Achievable Potential 0.2 0.4 0.6 2.6 43
Economic Potential 0.4 0.9 13 5.4 85
Technical Potential | : 544 1089 163.3 653.3 1,0343
Eneriy Savings (5 of Baselfnel-:. 1/ i T e e e
Reafistic Achievable Polential ‘-0 7 00 T 0% 00% T 00 0%
Maximumn Achlevable Potential REER 0.0% 0.0% 0.0% 0.0% 0.0%
Economic Patential "o Lo oow 0.0% ... 0% 0.1% 0.1%

Technical Potential = -~ T C06% 1.3% 1.9% 6.9% 10.1%

Industsial Efectric Summary — Opt-Out Removed from MAP and RAP

e . 2019 2020 2021 2030 2037
Basellne Forecast {GWh) 5,352 5,354 5,349 5,404 5,566
Cumulative $avings (GWh) e L .

Reéalistic Achievable Potential -- 0.5 1.0 15 6.4 107
Maximum Achievable Potential 0.8 15 23 9.6 15.7
Economic Potential . 290 4.0 6.1 24.2 38.4
Technical Potential 789 157.8 236.7 946.7 1,498.9
Energy Savings {34 of Baseline) 2. - . o . -

Realistic Achlevable Potential 0.0% 0.0% 0.0% 0.1% 0.2%
Maximum Achievable Potential 0.0% 0.0% 0.0% 0.2% 0.3%
Economic Potential G.O0% 0.1% 0.1% 0.4% 0.7%
Technical Potential 1.5% 2.9% 4.4% 17.5% 26.9%
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HiGH LEVEL RESULTS - SUMMER PEAK DEMAND i
Commercial Electric Summary — Opt-Out Removed from MAP and RAP
. 2019 2020 2021 2030 2037
Baseline Forecast (MW) 1,568 1,568 1,570 1,651 1,748
Cumulative Savings (MW)
Realistic Achievable Potential 0.0 0.0 0.0 0.2 0.3
Maximum Achievable Potential 0.0 0.0 0.1 03 0.5
Economic Potential 0.1 0.1 0.2 0.6 1.0
Technical Potential 6.0 119 179 71.4 1131
Energy Savings (% of Baseline)
Realistic Achievable Potential 0.0% 0.0% 0.0% 0.0% 0.0%
Maximum Achievable Potential 0.0% 0.0% 0.0% 0.0% 0.0%
Economic Potential 0.0% 0.0% 0.0% 0.0% 0.1%
Technical Potential 0.4% 0.8% 1.1% 4.3% 6.5%
Industrial Electric Summary — Opt-Out Removed from MAP and RAP
2019 2020 2021 2030 2037
Baseline Forecast (MW) 953 953 952 960 987
Cumulative Savings (MW)
Realistic Achievable Potential 0.1 0.1 0.2 0.7 1.2
Maximum Achievable Potential 0.1 0.2 0.3 1.1 18
Economic Potential 0.2 0.5 0.7 28 44
Technical Potential 9.4 18.7 28.1 112.4 1779
Energy Savings (% of Baseline)
Realistic Achievable Potential 0.0% 0.0% 0.0% 0.1% 0.1%
Maximum Achievable Potential 0.0% 0.0% 0.0% 0.1% 0.2%
Economic Potential 0.0% 0.0% 0.1% 0.3% 0.4%
Technical Potential 1.0% 2.0% 3.0% 11.7% 18.0%
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PRELIMINARY LIST OF PROGRAMS

 The preliminary list for program potential is provided below

* The basic structure is similar to the existing portfolio

* Notable enhancements are highlighted in the third column

I Sector Program | Notable Enhancements

Residential Home Lighting Rebate Break out general service & specialty for planning
[Residential Home Energy Report

Residential Income:-Eligible Home Energy Report

Residential Whale House Efficiency Enhanced measure list

Residential Income-Eligible Multi-Family |Enhanced measure list

|Residential Income-Eligible Weatherization Enhanced measure list

[Residential  [Residential Smart Thermostats

Iaesidentiﬂ lDIrec! Load Control New Program with AC and Water Heating DLC Switches

[Business JBusiness Rebate - Standard

Enhanced measure list

IBusi ness

IBusiness Rebate - Custom

[Business Business Rebate - Custom: Data Center

New Sub Program targeting Data Centers

[Business

JBusiness Rebate - Custom: CHP

New Sub Program targeting CHP

Iﬁlsiness

]Strategic Energy Management

Igusiness

[Retrocommissioning

New Program

iBusiness

Block Bidding

Business

Small Business Direct Install

Enhanced measure list

Business

Business Smart Thermostats

Business

Demand Respanse Incentive

DEVELOPING PROGRAM POTENTIAL

ABG

nergy Group
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* AEG will consolidate RAP and MAP from the various component analyses into
Program Potential, which will receive Program Design analysis and treatment in
the next stage of the project.

* Program Potentials will eventually feed into filings and IRP.

* We plan to combine all resource categories into a single portfolio and
condition for the IRP analysis is 8 permutations:

¢ 2 Separate holding companies: KCPL (KS and MO) and GMO (MPS and SILP)

¢ 4 Levels of participation or spending:
* 0.5X RAP

* RAP

* Average of RAP and MAP

* MAP
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COMMERCIAL MARKET PROFILE - ELECTRICITY

Avg.Use/ Summer Peak Winter Peak
Electricity Sales 9% of Total Square Foot Demand Demand

Segment (GWh) Usage (kWh/SqFt) (MW) (Mw)

Small Office 778 8.9% 13.1 102 143
Large Office 488 5.6% 145 64 76
Restaurant 576 6.6% 38,6 80 81
Retail 638 7.3% 12.8 105 96
Grocery 470 5.4% 54.8 60 49
School 842 9.6% 12.8 297 92
College 646 7.4% 17.5 116 110
Healthcare 1,138 13.0% 204 132 239
Lodging 298 3.4% 17.2 30 36
Data Center 1,103 12.6% 112.7 160 152
Warehouse 529 6.0% 9.7 216 73
Miscellaneous 1,253 14.3% 7.5 218 238
Total 8,760 100.0% 15.3 1,578 1,384
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COMMERCIAL MARKET PROFILE - ELECTRICITY

Commercial Electric Use by Segment, 2015 Commercial Electricity Use by End Use, 2015

Miscellaneous
10%
|

Miscellaneous, _

14% \

Warehouse, 6% —

"Small Office, 9%

Office
/ Large Office, 6% Equlpasent 10%

\

_Restaurant, 7% Food
Preparation 2%

Retail, 7%

Data Center, Refrigeration 5%- A

B%
- ~_Grocery, 5% % —_Ventilation 8%
_ IR Exterior Lighting / Interior Lighting
Lodging, 3% | . 10% 21% S Water Heating
“~_School, 103% - 3%

Healthcare./" o=
13% T~ College, 7%

Sources: KCP&L 2016 Commercial Customer Survey, KCP&L Billing data, AEG Energy Market Profiles
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COMMERCIAL BASELINE PROJECTION

BY END USE

Baseline projection
includes the effects
of appliance
standards, EISA,
and naturally
accurring efficiency

Baseline projection
shows load growth
of 16.1% by 2037

Average annual
growth of 0.68%

12,000

10,000

8,000

GWh 6,000

4,000

2,000

2015

2016

Commercial Electricity Projection by End Use

“riny

2017

2018
2019

COMMERCIAL BASELINE AND POTENTIAL PROJECTIONS

12,000 -
10,000
8,000
GWh 6,000
4,000
2,000

2015

* Note: Potential from MO Opt Out customers has been removed from the

Commercial Electric Potential Projections

——Baseline Forecast

i

=—Realistic Achievable Potential

= Maximum Achievable Potential

Economic Potential

-Technical Potential

2017 2019

2021

2023

2025 2027 2029 2031 2033 2035 2037

Realistic and Maximum Achievable cases

* Penalties were applied to the take rates for each segment, representing

customers opting out

AEG

o Applied Eneigy Group

#Coo'ng

W Heating
Ventilation

» Water Heating
Interior Lighting

B Exteriar Lighting

1 Refrigeration

M Food Preparation

m Office Equipment

| Miscellaneous
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INDUSTRIAL MARKET PROFILE - ELECTRICITY
Industrial Electricity Use by Segment, 2015
Food
Summer Winter Other Production
Electric %of  Peak  Peak Industrial 17%
Sales Total Demand Demand 28%
Segment (GWh) Usage (MW) (MW)
Food Production 894 17% 128 146 i Chemicats &
Chemicals & Pharmaceuticals 755 14% 106 122 | Pharmazceuticals
Transportation Equipment 498 10% 120 70 i 5%
Electronic Equipment 484 9% 120 73 Rubber &
Stone, clay, glass 428 8% 57 70 *"35’;‘5
Primary Metals 405 8% 48 68 e Transpartation
Rubber & Plastics 262 5% 41 42 8% Eq"lg_":”‘
Other Industrial 1,482  28% 318 231 5“’“[9‘ clay, :'ﬂftfﬂﬂ‘c
Total 5208 100% 938 823 oy i
Industrial Electricity Use by End Use, 2015
Process 26%
Miscellaneous
4%
| Heating 3%
Ventilation 2%
belcAo% Interior
Lighting 7%
Exterior
Lighting 45
Sources: KCP&L 2016 C&I Customer Survey, KCP&L Billing data, AEG Energy Market Profiles 57
o | % |
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INDUSTRIAL BASELINE PROJECTION
BY END USE
¢ Baseline projection Industrial Electricity Forecast by End Use
includes the effects of 6,000
equipment standards
like NEMA premium 5,000

motors, naturally

occurring efficiency, 4060 / = Cooting
3 ] M Heating

and customer growth

Ventilation
rates
GWh 3,000 1 Interior Lighting
* Baseline projection —
shows load growth of Motors
2,000
6.9% by 2037 —
- AVEI'BEE annual grOWth B Miscel'aneous
1,000
of 0.3%
 Ne N2 NI NRNSNSENRIRSED
0 00 000 0000000000 000000 oo
NN NN NN NN NN NN N NN M NNNN N NN
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INDUSTRIAL BASELINE AND POTENTIAL PROJECTIONS

Industrial Electric Potential Forecasts

6,000 — _—
5,000 E\= L
4000 — —
GWh 3000 ——
=—Baseline Forecast
== Realistic Ach'evab'e Potential
2000 _—
s Maximum Achievable Potential
~——Econom'c Potential
1,000 - —
~——Techncal Potential

2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037

* Note: Potential from MO Opt Out customers has been removed from the
Realistic and Maximum Achievable cases

* Penalties were applied to the take rates for each segment, representing
customers opting out 5




SUMMER PEAK DEMAND BASELINE PROJECTION

° AEG received 2015-2037
peak demand forecasts from

KCP&L.

* The total system peak was
allocated into the market

segments based on

customer counts and billing

6,000

5,000

Summer MW @ Meter

AEG

data for both customer 5558 ES R EEEREEER
energy and demand. BKCPLMO BMGMO-MPS B GMO-SILP
2015 2018 2019 2020 2027 2037
KCP&L-MO 1,802 1,795 1,791 1,783 1,786 1,903
GMO-MPS 1,430 1,394 1,370 1,337 1,213 1,214
GMO-SILP 447 431 423 414 378 376
KCP&L-KS 1,623 1,727 1,737 1,742 1,807 1,930
Total 5,302 5,347 5,321 5,276 5,183 5,423

WINTER PEAK DEMAND BASELINE PROJECTION

* AEG received 2015-2037

peak demand forecasts from

KCP&L

* The total system peak was
allocated into the market

segments based on

customer counts and billing

4,500
4,000
3,500

Winter MW @ Meter

AEG

‘i

data for both customer 483888 EEEERTREEEEREEE
energy and demand. SKCPLLMO WGMO-MPS BGMO-SILP
2015 2018 2019 2020 2027 2037
KCPE&L-MO 1,411 1,389 1,387 1,376 1,357 1,415
GMO-MPS 1,156 1,161 1,142 1,109 1,006 1,007
GMO-SILP 423 416 412 403 368 368
KCP&L-KS 1,260 1,248 1,250 1,235 1,239 1,298
Total 4,250 4,214 4,192 4,123 3,971 4,088

o+ Applied Engrgy Grou

o Appt ed Energy Gro
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PROGRAM PARTICIPATION ASSUMPTIONS

- AEG

+ The participation rates estimate the percent of eligible customers who take part in a given program in a given year.

pited Encray Group

+ Note that a customer is not considered eligible if they don’t have the relevant equipment or are already participating in a
mutually exclusive program. See previous slide on participation hierarchy.

+ Existing programs (DLC Smart Thermostat and Curtailment Agreements) are calibrated in year 1 to current performance.

= The remaining programs were developed by researching DR programs at utilities similar to KCP&L in size and region, then
normalizing for KCP&L.

» All new programs have a 5 year ramp up period, except for IBR

Option Program
Residential DLC Central AC
Residential DLC Space Heating
Residential DLC Water Heating
Residential DLC Smart Thermostats
Residential DLC Smart Appliances
Residential DLC Room AC
Residential Battery Energy Storage
Residential DLC Elec Vehicle Charging
Residential Time-Of-Use
Residential Time-Of-Use w EV
Residential Demand Rate
Residential Demand Rate wEV
Residential Inclining Block Rate
Small C&l DLC Central AC
Small C&1 DLC Space Heating
Small C&1 DLC Water Heating
Small C&lI DLC Smart Thermostats
Small C&l Ice Energy Storage
Small C&I1 Battery Energy Storage
Small C&1 Time-Of-Use
Small C&I1 Real Time Pricing
Large C&1 Curtail Agreements
Large C&I Battery Energy Storage
Large C&1 Time-Of-Use
Large C&1 Real Time Pricing

Steady State Participation Rate

RAP
7.0%
15.0%
15.0%
18.0%
5.0%
15.0%
1.0%
20.0%
28.0%
85.0%
28.0%
84.0%
100.0%
3.0%
3.0%
3.0%
5.0%
1.5%
1.0%
13.0%
18.0%
20.0%
1.0%
13.0%
18.0%

PER-UNIT LOAD REDUCTION ASSUMPTIONS

*  Existing program impacts are sourced from the 2016-2018 KCP&L MEEIA and KEEIA plan filings (DLC Smart
Thermostat and Curtailment Agreements). Remaining program impacts were developed through secondary

research

L
1'

MAP
8.0%
22.5%
22.5%
22.0%
7.5%
22.5%
1.5%
30.0%
85.0%
100%
85.0%
100.0%
100.0%
4.5%
30.0%
4.5%
7.5%
2.3%
3.0%
74.0%
31.0%
30.0%
3.0%
74.0%
31.0%

/

ALG

Apptisd Energy Group

*  Program impacts are equivalent across service territaries and in both RAP & MAP scenarios, except as noted in
italics for TOU and Demand Rate where impacts vary between RAP and MAP to reflect the difference between the
highly-engaged volunteer population in the opt-in scenario (RAP) and the larger, more “average” population in the
opt-out scenario (MAP).

Customer Class Option Unit Summer Peak Impact Winter Peak Impact
Residential DLC Space Cooling kW @meter 1.26 -
Residential DLC Space Heating kW @meter - 1.65
Residential DLC Water Heating kW @meter 0.58 0.58
Residential DLC Srnart Thermostats kKW @meter 1.26 0.70
Residential DLC Smart Appliances kKW @meter 0.14 0.14
Residential DLC Room AC kW @meter 047 -
Residential Battery Energy Storage kW @meter 2.00 2.00
Residential DLC Elec Vehicle Charging kW @meter 0.92 0.92
Residentiol Time-Of-Use % customer peak @meter (MAP) 6.7% 6.1%
Residentiol Time-0Of-Use % customer peak @meter (RAP) 10.9% 10.1%
Residential Time-Of-Us w EV kW @meter 1.80 1.67
Residentiol Demond Rate % customer peak @meter (MAP) 6.7% 7.8%
Residential Demand Rate % customer peak @meter (RAP) 11.1% 13.0%
Residential Demand Rate w EV k\W @meter 181 207
Residential Inclining Block Rate S customer peak @meter 1.3% 0.8%
Small C&1 DLC Space Cooling kW @meter 151 -
Small C&1 DLC Space Heating KW @meter L 198
Small C&I DLC Water Heating kW @meter 0,70 0.70
Small C&l DLC Smart Thermostats kW @meter 1.51 0.78
Small C&I lce Energy Storage kW @meter 5.00 0.00
Small C&I Battery Energy Storage kW @meter 2.00 2.00
Small C&1 Time-Of-Use % customer peak @meter 0.4% 04%
Small C&1 Real Time Pricing % customer peak @meter 0.7% 0.7%
Large C&I Curtail Agreements % customer peak @meter 21.0% 21.0%
Large C&I Battery Energy Storage kW @meter 15.00 15.00
Large C&I Time-Of-Use % customer peak @meter 4.4% 4.4%
Large C&I Real Time Pricing 5 customer peak @meter 9.5% 9,5%




AEG

PER-UNIT LOoAD REDUCTION DETAIL -
RESIDENTIAL DS RATES

* Brattle relied on the PRISM model to estimate residential rate impacts for each rate design. In the cases of
residential demand charges and time-of-use energy charges, Brattle estimated the expected impact for each
of an opt-in and an opt-out scenario. It is assumed that if implemented, the IBR rate would be mandatory.

Resldential Time of Use  Inclining Block
Demand Charge Energy Charge Rate
(Opt-In) (Opt-in)
Average change in peak demand - summer -11.13% -10.91% -1.26%
Average change in peak demand - winter -12.97% -10.13% -0.83%
Average change in peak demand - all months -12.06% -10.52% -1.02%

Average change in energy consumption - all months 0.02% 0.02% -1.02%

Resldential Time of Use
DemandCharge Energy Charge
{Opt-Ouwn) {Opt-Out)

Average change in peak demand - summer -6.68% -6.55%
Average change in paak demand - winter -1.78% -6.08%
Average change in peak demand - all months -7.23% -6.31%
Average change in energy consumption - all months 0.73% 0.64%
Notes:

Sumraer is defined here as June 1 through September 30.

Results are modeled using PRISM coefficients for Zone 4.

RDC and TOU impacts are predicted for both an opt-in and opt-out scenario. In the opt-out scenario, a derate factor of 40%
is applied.

The 18R model does not differentiate behavioral responses by time of day. Therefore the predicted percent impact on peak
demand is set equal to the predicted percent impact on energy consumption. Summer peak impacts are calculated as the
predicted impact on summer energy cansumption.

AEG

PER-UNIT LOAD REDUCTION DETAIL -
NON-RESIDENTIAL DS RATES

 Using the Arc of Price Responsiveness madel, Brattle estimated rate impacts for a Time-of-Use Energy
Charge and a Real Time Energy Pricing rate for commercial and industrial customers.

Time of Use Real Time Energy -

Energy Charge Pricing !
Small Commercial 0.35% 0.74%
Medium and Large Commercial 4.35% 9.48%
Industrial 5.03% 10.87%

Notes:

Time of use impacts are estimated based on a peak-to-off-peak ratio of
3:1.

Real time pricing impacts are estimated based on a highest-to-lowest
intraday price ratio of 10:1,




BRATTLE DEVELOPMENT OF RESIDENTIAL RATE DESIGNS

= Brattle designed revenue-neutral rates for the residential options as outlined in the table below.

Demand Charge Time of Use Inclining Block

Current Pricing

Pricing Pricing Rate
Customer Charge ($/month) $11.88 $11.88 $11.88 $21.88
Volumetric Charge ($/kWh)
Tierl
Summer 50.13 $0.10 5012
Wintar 50.12 $0.06 $007
Tier2
Summer 50.13 $010 014
Winter £0.07 $0.06 5009
Tier3
Summer $0.13 $0.10
Winter $0.06 50.06
Pezk (4PM - 8FM)
Surmmer $0.36
Winter $0.22
Off-Peak
Surmer %0.12
Winter 50.07
Super Off-Peak {12AM - 6AM)
Summer 50.06
Winter $0.04
Demand Charge (5/kW)
Summer 58.00
Winter $4.95

BRATTLE DEVELOPMENT OF RESIDENTIAL RATE DESIGNS
(CONTINUED)

ARG
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Notes:

For seasonal rate structures, summer rates apply to usage between June 1 and September 30.
The peak period & from4PM to BPM on weekdays, excludirg federal holidays.

Demard is measured as maximum 15 mirute demand during peak hours.

wirker volumetric price.

exceed the upper limit of Tier 3, and 63% of customners exceed the upper limit of Tier 1in every month
For reverue reutrality calculations, the sample is weighted using strata weights for KCPL- MO.

[1): Currert KCPEL Missouri residential gereral use rates.

1 6to 1 Thevolumetric charges are calculated to achieve revenue reutrality with current rates.

1

L

The summer-to-winter price ratio, 1.6to 1, is the ratio of the currert summer volumetric price per kWhto the weighted averape
Under the current rate, Tier 1 1sage inclurdes amy usage between 0 and 600 kWh per month, Tier 2 includes amy additional usage

urder 1,000 kWh per month, ard Tier 3 includes any usape above Tier 2. Under the studied IBR rates, Tier 1 includes any usage
between 0 ard 500 kWh per month, and Tier 2 include s ary additioral usage. In the urnveighted sample, 235 of customers rever

[2]): The summer demand charge is set at $8.00. Both the demand and volumetric charges are set to a summer-to-winter ratio of

[3): Volumetric charges for the TOU tariff are calcubsted to maintain revenue neutrality with currert rates while mairtainirg a
peak-to-off- peak price ratio of 3to 1, a super- off-peak-to-off-peak ratio of 0.5t0 1, and 3 summer-to-winter ratio of 16 to

[4]: The fixed charge isincreased to $21 B8 Volumetric charges for the IBR tariff are calculated to maintain revenue reutralty
with currerk rates while mairtainirg a price ratio of 1.2 to 1 for tier 2totier 1, and a2 summer-to-winter price ratio of L6to

* Note: Brattle also modeled the impact of non-residential designed rates for the non-residential options as
outlined above. The model depends on the rates’ price ratios but not the price levels. For this reason Brattle
did not need to design specific non-residential rates to develop the per-unit impact assumptions.
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REVIEW OF CHP ENERGY FLOWS

100 units Energy Input
with Traditional Usage

"

60 units Useful
Energy to Customer

50 units Fuel Input > Ger 20 units Electricity Output

40 units
Heat Output

100 units Energy Input
with Combined Heat & Power
40 units

Electricity Output

e \ 80 units Useful
100 units Fuel Input Py ] EIIErgv to Customer

40 units

Heat Output
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COMPARISON TO 2013 STUDY

* CHP Analysis in 2013 Potential Study:
« In the 2013 study, only steam turbines passed TRC screening for small to medium systems
» Both steam and combustion turbines passed for large systems - . .

* Analysis assumed that steam turbines were fungible and used for all customers, but steam turbines
reguire that a steam boiler is already in use at the site, so this may not be appropriate in some or

most of those cases.
+ 20- year Cumulative Economic Potential of 1,303 Gwh energy and 178 MW demand

* Current CHP Analysis:
+ Only assumed Steam Turbines applicable in small subset of facilities where steam boiler or
appropriate steam source already available.

* No other technologies cost-effective
* 20-year Cumulative Economic Potential of 47 GWh energy and 5 MW demand

. Sensﬁwtty on Current CHP Analysis — {High Steam Turbine Saturation)

« We ran a sensitivity case were we also allowed steam turbines to be applicable in all customer
sites. The results were much closer to the 2013 analysis.

. 20-yéar Cumulative Economic Potential of 1,257 GWh energy and 143 MW demand
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COMPARISON TO 2013 STUDY, CONT.

2037 Cumulative 2037 Cumulative 2037 Cumulative
Technicat Potential Economic Potential  MAP Savings 2037 Cumulative

CHP Energy Potential . Savings {GWh) Savings {GWh) (GWh} .. RAP Savings (GWh}
2013 Potential Study - : o WA 1,303 ST BBkl 43D
2015pmenuagstudy o : .. ..: .. . . 2,533 L 4-’ g :'E ”
2016 Study Sensitivity w/ High Steam Saturation 2,533 . .;1,257. 531 360

2037 Cumufative - 3037 Cumufative
" Technical PotentialEconomic Potential 2037 Cumulative 2037 Cumulative

CHP Demand Potential - 0T DU savings {(MW) Savings {MW)  MAP Savings {MW) RAP Savings {MW)
2013 Potential Study N/A 177.8 88.9 58.7
2016 Potential Study. . .. . .- o 2910 53 ... 23 ... 15
2016 Study Sensitivity w/ High Steamn Saturatlon 291.0 143.4 60.6 41.0

» Sensitivity case raising steam turbine saturations yields similar levels of economic
potential fo 2013 study
° leferences still exist because of revised system efficiency and peak load factors

* Note that saturation was not adjusted in small commercial segments, and fuel cell
installations were omitted from saturation sensitivity adjustment. '

72





