VARIABLE ENERGY
RESOURCE INTEGRATION
REPORT

This integration report assessed the incremental regulation costs to integrate more renewable
resources—wind, solar, and BESS—into Black Hills Power’s generation mix at several key sites.
The report estimated the incremental regulation costs required to maintain reliability and
frequency regulation, and assessed flexible capacity requirements. In addition, the report
determined the accreditable capacity of VER for reliability planning.

Regulation costs through WAPA’s OATT are: $1.04/MWh for wind at a 40% capacity factor;
$1.12/MWh for solar at a 25% capacity factor.

The effective load carrying capacity (ELCC) ranges from 29% and declining to 4% as resource
amounts increase. Wind is higher than solar, mainly because of the higher capacity factor. For
BESS, ELCC values range from 80% for 20 MW to 49% for a 100 MW installation.
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NOTICE

This document contains information about one or more Power Grids products and may include a description
of or a reference to one or more standards that may be generally relevant to the Power Grids products. The
presence ofany such description ofa standard or reference to a standard is not a representation that all of
the Power Grids products referenced in this document support all of the features ofthe described or
referenced standard. In order to determine the specific features supported by a particular Power Grids
product, the reader should consult the product specifications for the particular Power Grids product.

Power Grids may have one or more patents or pending patent applications protecting the intellectual
property in the Power Grids products described in this document.

The information in this document is subject to change without notice and should not be construed as a
commitment by Power Grids. Power Grids assumes no responsibility for any errors that may appear in this
document.

Products described or referenced in this document are designed to be connected and to communicate
information and data through network interfaces, which should be connected to a secure network. It is the
sole responsibility of the system/product owner to provide and continuously ensure a secure connection
between the product and the system network and/or any other networks that may be connected.

The system/product owners must establish and maintain appropriate measures, including, but not limited to,
the installation of firewalls, application of authentication measures, encryption of data, installation of antivirus
programs, and so on, to protect these products, the network, its system, and interfaces against security
breaches, unauthorized access, interference, intrusion, leakage, and/or theft of data or information.

Power Grids performs functionality testing on the products and updates that we release. However,
system/product owners are ultimately responsible for ensuring that any product updates or other major
system updates (to include but not limited to code changes, configuration file changes, third-party software
updates or patches, hardware change out, and so on) are compatible with the security measures
implemented. The system/ product owners must verify that the system and associated products function as
expected in the environment in which they are deployed.

In no event shall Power Grids be liable for direct, indirect, special, incidental or consequential damages of
any nature or kind arising from the use ofthis document, nor shall Power Grids be liable for incidental or
consequential damages arising from use of any software or hardware described in this document.

This document and parts thereof must not be reproduced or copied without written permission from Power
Grids, and the contents thereof must not be imparted to a third party nor used for any unauthorized purpose.

The software or hardware described in this document is furnished under a license and may be used, copied,
or disclosed only in accordance with the terms ofsuch license. This product meets the requirements
specified in EMC Directive 2014/30/EU and in Low Voltage Directive 2014/35/EU.

TRADEMARKS
Portfolio Optimization is a registered trademark of Power Grids.
All rights to copyrights, registered trademarks, and trademarks reside with their respective owners.

Copyright © 2021 Power Grids.
Allrights reserved.

2021 Integrated Resource Plan F-3



F. Variable Energy Resource Integration Report

TABLE OF CONTENTS

TABLE OF CONTENTS ...t e e e e e e et et et 3
LIST OF TABLES ...t e e e e e et e e e e e eeeeaeeanes 5
LIST OF FIGURES ... ettt s 6
I INtTOAUCTION coeiiiiiiiiiiiiiitttt ettt e e e e e e eeeeee e 7
L.l Scope Of StuAy . cieeiiiie i e e 7
1.2 Study Summary — Regulating ReServes ......cccuuiiiiiiiiiiiiiiniiiiiin e 7
1.3 Study Summary — Flexible Capacity Requirement ...........cceeervuvnereriiininnennns 9
1.4 Study Summary — Effective Load Carrying Capability .........cccceeeveeiiiiiinnnns 9
2 Variable Energy Resource Projections .........oeeeeeeiiiiiirieriiiiiieneieeiiiiieeeeeieiineeeeees 11
2.1 INtrOdUCTION . coie ettt 11
2.2 StudY APPTOaCh coviiiiiiiiiiie e 11
2.3 Variable Energy Resource Integration Considerations.....c..cccceevvveveenennnnn. 12
2.4 System Operations and Planning Timeline.............coovviiieieiiiiiiiineeeiiiiinnnn. 13
2.5 Reserve REQUITCMENTS couuuuuiiiiiiiiiieee i e e ee et ee e e e et e e ee et e e e e eeeeanen s 14
2.6 Projected Renewable Resource Additions .........coeuvvuinieriiiiiiiiineeeiiiiiiinneeeens 15
2.7  Study Data DevelopPment.....cooiiuiiieeeeiiiiiie e 16
2.7.1 Black Hills POWeTr Data ....ccc.uuuiiiiiiiiiiiiiiiiiiiiie et 16
2.7.2 NREL WINd Data......oouuiiiiiiiiiiiiiiiiiiciii e 17
2.7.3  NREL S0Iar Data .......oiiiiiiiiiiiiiiiiiies et et 18
3 Variable Energy Resource Integration Requirements and Costs.........ccceevvvnnn... 20
Bl OVRIVIC Wittt e ettt e e e e e e e e e e et e et ee e et eaeeeanena 20
3.2 Black Hills Power Baseline Regulation Requirements.........cccceeeeeeevvvrennn... 21
3.3 Black Hills Power Incremental Regulation Requirements ..............cc.uuun.... 22
3.3.1 Resource Portfolio 1: 50 MW Wind Addition at Cheyenne, WY ................ 23
3.3.2 Resource Portfolio 2: 100 MW Wind Addition at South Gillette, WY ......... 24
3.3.3 Resource Portfolio 3: 200 MW Wind Addition at North Douglas, WY........ 24
3.3.4 Resource Portfolio 4: 50 MW Solar Addition at Cheyenne, WY................ 25
3.3.5 Resource Portfolio 5: 100 MW Solar Addition at South Gillette, WY......... 26
3.3.6 Resource Portfolio 6: 200 MW Solar Addition at Hot Springs, SD ............ 26
3.3.7 Resource Portfolio 7: 100 MW Solar Addition Plus 40 MW Battery Energy
StOra@e At CREYEIME toivvuitieiiiiiii et et e ee et e e e et e e e et et e e e eeaaan e e eeeanennas 27
3.3.8 Resource Portfolio 8: 100 MW Solar Addition Plus 20 MW Battery Energy
Storage at SOUth GIllette .....coeeuuinniiiiiiii e e e e 28

2021 Integrated Resource Plan F-4



F. Variable Energy Resource Integration Report

) HITACHI ABB

3.3.9 Resource Portfolio 9: 100 MW Solar Addition Plus 60 MW Battery Energy

Storage at Hot SPrings, SD cooeuu i e 29
3.3.10 Resource Portfolios 10, 11 and 12: 20 MW, 40 MW and 60 MW Battery

Storage Additions at Cheyenne, Gillette and Hot SPrings.........cceevvvvvieeeeeiiiiienneeiiniinnnn.. 30

3.4 Black Hills Power Incremental Regulation Cost......ccccciviiiiiiiiiinieiiiinninnn... 30

3.4.1 BHP Thermal Station Ancillary Services Capabilities ............ccceeeeererrnnnnn.. 30

3.4.2 BHP Incremental Regulation Cost.........oviiiiiiiiiiiiiiiiiiiiin e 31

3.4.3 The Dynamics of Providing Regulation Capacity on the BHP System ...... 32

3.4.4 Flexible Capacity REQUIrEMENTS ......covuuuuieriiiiiiieneeieiiiii e eeee e 35

4 ELCC Calculation for Black Hills Power’s Renewable Resources ........cccueeeeee. 38

O B @ L o4 (e SRS 38

4.2 MethOdOLO @Y civeieeiieeii et e e et e et e e et ae e e e e e aa e aaans 38

4.3 ELCC RESUIES cooeiiiiiiiiiiiiiiiiiiii et 40

I OFe] 1 Ted 11 S5 10 s RS SRSSUPPUP 43

©2020 ABB Allrights reserved.

2021 Integrated Resource Plan F-5



F. Variable Energy Resource Integration Report

LIST OF TABLES

Table 1. Summary of Incremental Regulation Requirements and CosSts ........cceveveiiieiiiiiieeinnnnnne 8
Table 2. ELCC 0f Battery StOTaZe ....occuvtiiiuiiiiiiiiiiiiiiie ittt ettt et e et 10
Table 3. Variable Energy Resource Portfolios ..........ooeeieiiioiiiieiii e 16
Table 4. Wind and Solar Project Capacity FActor (%0)......cceeeimimiiieiiiiniiiiiiiiiiiiieiee e 17
Table 5. NREL Wind Site Data ......ccooriiiiiiiiiiiiiiiiiiit ettt 18
Table 6. NREL S0lar STt Datal ....cccovuiiiiiiiiiiiiiiiitiei ettt e e e e e 19
Table 7. Estimated BHP Regulation RequireMents ........cooeeeeeeierieieeiicieiiiie e 23
Table 8. Thermal Station Ancillary Services Capabilities .........ceeeeeeeeiiiiiiiiiieievivaveeeeaeaeens 31
Table 9. Incremental BHP Regulating Reserve CoSt.....eiiiiiiiniiiiiiiiiiicie et 32
Table 10. BHP Flexible Capacity Need .......coeiiiiiiiiiiiiei e 37
Table 11. ELCC values for the BHP POTtfolios .....ccccoouiiiiiiiiiiiiiiiiiiniiiiice e 40
Table 12. ELCC 0fBattery STOTAZE «ouuvuveeeeeiiiiiiieiee ettt e eee ettt teeesesiteeeeeeessnsbreaeeesennnbtneeeeesannnes 42
Table 13. VER Integration Summary ReSUS .......ccceoiiiiiiiiiiiiiiiiiic e 43

Variable Energy Resource Integration Study

2021 Integrated Resource Plan

F-6



F. Variable Energy Resource Integration Report

’ HITACHI

LIST OF FIGURES

Figure 1. ELCC Capacity of Wind and Solar Resources ........coooeeereiiiiiiiiiiiiiie e 9
Figure 2. Operations and Planning TIMeNNe ........coceviiiiiiiiiiiiiiiiiiiic e 13
Figure 3. Monthly Average Hour-Ahead Load Forecast Error (%) .....coovvuvveieiiiniiiiicieiinniiicccenee 17
Figure 4. BHP Base System ACE and Regulation Requirements ............cccceeevioiiiineneiininiiniinnnnns 22
Figure 5. BHP Base System and Expanded Ace — Cheyenne 50 MW Wind Addition.................. 24
Figure 6. BHP Base System and Expanded Ace — South Gillette 100 MW Wind Addition........... 24
Figure 7. BHP Base System and Expanded Ace — North Douglas 200 MW Wind Addition ......... 25
Figure 8. BHP Base System and Expanded Ace — Cheyenne 50 MW Solar Addition.................. 26
Figure 9. BHP Base System and Expanded Ace — South Gillette 100 MW Solar Addition .......... 26
Figure 10. BHP Base System and Expanded Ace — Hot Springs 200 MW Solar Addition ........... 27
Figure 11. BHP Base System and Expanded Ace — Cheyenne, WY 100 MW Solar Plus 40 MW
Battery Energy Storage AddItION .....oooeeeiiiiiiiiiiiie e e s 28
Figure 12. BHP Base System and Expanded Ace — South Gillette, WY 100 MW Solar Plus 20
MW Battery Energy Storage Addition .......cooiiiiiiiiiiiiiiiiiiiiieiieiiiie e 29
Figure 13. BHP Base System and Expanded Ace — Hot Springs, SD 100 MW Solar Plus 60 MW
Battery Energy Storage AddItIOn .......oooiiiiiiriiiiiiiiiiie oo 30
Figure 14. Provision of Regulation Up........ccoiiiiiiiiiiiiiiiiiiiiiiiccecce e 33
Figure 15. Provision of Regulation DOWN ........cooiiiiiiiiiiii i 33
Figure 16. Resource Provision of 9 MW Regulation Up Requirement............ccoeeeveeienciinnnnnnnnnn. 34
Figure 17. Resource Provision 0of30 MW Regulation Up Requirement........c..cccevvireiniiiieinincenns 35
Figure 18. Maximum Net 3-Hour Ramp — Existing BHP System .........ccoooiiiiiiiiiiiiiiiiiiie 36
Figure 19. 8760 Hourly Load Profile for BHP ........ccooiiiiiiiie e 39
Figure 20. ELCC for Wind and Solar Portfolios .........ceeeeeeeier i 41

©2020 ABB Allrights reserved.

2021 Integrated Resource Plan

Y 1

F-7



F. Variable Energy Resource Integration Report

1 Introduction

The Hitachi ABB Power Grids Energy Market Advisors team is part of the Energy Market
Intelligence solution area that provides tools and analysis around market and transmission
modelling, analysis, and price forecasting to support investment decisions, regulatory compliance,
trading, energy operations, and renewable inte gration.

1.1 Scope of Study

Black Hills Corporation retained the Hitachi ABB Power Grids Energy Market Advisors team (PG)
to complete an assessment of the incremental regulation costs of Black Hills Power (BHP) to
integrate future levels of renewable resources onto its power system. In completing this
assessment, PG examined forecast and actual load, wind generation and solar generation data to
develop estimates of incremental regulation capacity that BHP will require to maintain reliability
and frequency regulation. PG also completed production cost simulations using the Portfolio
Optimization software to develop cost estimates of carrying the incremental regulation capacity
amounts, and an additional assessment of flexible capacity requirements was also completed.
These analyses were completed for a combination of wind, solar and battery energy storage
resource expansions atseveral key sites on the BHP system. PG also completed an assessment
to determine the accreditable capacity of Variable Energy Resources (VER) for reliability planning
purposes.

1.2 Study Summary — Regulating Reserves

The assessment examined renewable and energy storage resource additions at several different
locations to assess incremental impacts on BHP regulation requirements and costs. The
assessment evaluated twelve different renewable and energy storage resource expansion
options and five different potential geographic locations for those resources. These resource
options and locations were specified by the BHP planning team, based on commercial interest it
has seen in developing resources at those locations, and with a goal of capturing impacts of
geographic diversity in wind and solar generation profiles within its service territories.

The basic approach taken to assess regulating reserve requirements for the BHP system was to
evaluate compliance with the North American Reliability Council NERC) Control Performance
Standard 2 (CPS2) reliability requirements. While those requirements do not strictly apply to
BHP, they were used in this assessment as a proxy for operational challenges that will arise from
increased wind and solar integration and impacts ofthose challenges on BHP operations and
resource expansion decisions. Under the CPS2 reliability requirements, BHP system Area
Control Error (ACE) is monitored on a 10-minute interval, and any violations of frequency
deviations are tabulated. Events where ACE deviates outside of high and low bands are tagged
as a frequency violation and needed regulation capacity is calculated as incremental Regulation
Up or Regulation Down capacity needed to ensure that the BHP ACE stays within upper and
lower bands 98 percent of the time.

To determine the system cost of the additional Regulation Up and Regulation Down PG
completed production cost simulations, modelling both the resource inclusion and associated

incremental Regulation Up and Regulation Down capacity requirements. The difference in total
system production costs between each portfolio’s simulation with and without the incremental

Variable Energy Resource Integration Study
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regulation capacity was used to develop estimated cost per MWh for carrying the incremental

Regulation Up and Down capacity.

Table 1 provides a summary of the renewable and energy storage resource options and projected

regulation requirements resulting from the assessment. As shown, resource portfolios include
wind additions of 50, 100 and 200 MW at Cheyenne, South Gillette and North Douglas, WY
locations, and solar additions of 50, 100 and 200 MW at Cheyenne WY, Gillette WY and Hot
Springs SD locations. The resource portfolios also include pairing of 100 MW solar with 40, 20
and 60 MW battery energy storage capacity at the Cheyenne, Gillette and Hot Springs locations,

as wellas stand-alone 20, 40 and 60 MW battery energy storage projects at those same three
respective locations.

Table 1. Summary of Incremental Regulation Requirements and Costs

Regulation | Regulation
98% CPS2: | 98% CPS2:
X Cost — Cost —
X Size . Incremental | Incremental
Portfolio Type Location . . BHP WAPA
(MW) Regulation | Regulation . .
Generation Tariff
Up (MW) | Down (MW)
($/MWh) | ($/kW/Mo)
Existing System 55 50
1 Wind 50 Cheyenne 24 0 $10.17 $0.303
2 Wind 100 S. Gillette 26 22 $6.56 $0.303
3 Wind 200 N. Douglas 50 40 $11.12 $0.303
4 Solar 50 Cheyenne 7 1 $5.38 $0.205
5 Solar 100 Gillette 10 1 $4.63 $0.205
6 Solar 200 Hot Springs 11 1 $1.57 $0.205
7 Solar + Storage | 100 +40 | Cheyenne 0 1 $0.02 $0.205
8 Solar + Storage | 100 + 20 Gillette 0 1 $0.03 $0.205
9 Solar + Storage | 100 + 60 | Hot Springs 0 1 $0.02 $0.205
10 Storage 20 Cheyenne 0 1 N/A
11 Storage 40 Gillette 0 1 N/A
12 Storage 60 Hot Springs 0 1 N/A

As shown in Table 1, Regulation Up requirements for the BHP existing power system are 55 MW,
and Regulation Down requirements are 50 MW. Incremental Regulation Up requirements range
from zero to 50 MW, and incremental Regulation Down requirements range from 1 to 40 MW.
Regulation costs projected from use of BHP’s generation range from $1.57/MWh for a 200 MW
solar addition at Hot Springs, SD, to $11.12/MWh for a 200 MW wind addition at North Douglas,
WY. BHP also has an option to procure regulation from WAP A, through its Open Access
Transmission Tariff (OATT) at a lower cost. WAPA’s current tariff offers regulation service for a
fixed cost of $0.303/kW/Month for wind resources, and $0.205/kW/Month for solar resources. At
a 40% annualaverage wind capacity factor, the WAP A regulation cost is equivalent to
$1.04/MWh for wind resources, and ata 25% annualaverage capacity factor for solar, it would be
equivalent to $1.12/MWh for solar resources. For solar resource options that include battery
storage, the battery capacity is sufficient to offSet incremental Regulation Up capacity
requirements associated with operation ofthe solar resources, so that on net, additional

©2020 ABB Allrights reserved.
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regulation capacity is not required. In those cases, the incrementalregulation cost listed is
associated with provision or procurement of Regulation Down.

1.3 Study Summary — Flexible Capacity Requirement

In addition to assessing incremental regulation requirements and costs likely to be incurred due to
changes in BHP operating costs, PG also completed an assessment of whether BHP is likely to
require additional flexible capacity to integrate the Resource Portfolios. PG used a methodology
originally developed by the California Independent System Operator (CAISO) to assess BHP’s
flexible capacity requirements. This assessment showed that BHP’s existing flexible capacity is
sufficient if the variable energy resources identified in the portfolios studied are added to their
system with exception to three cases: 1.) Portfolio 3, which creates a Flexible Capacity need of
86 MW, 2.) Portfolio 5 which creates a 16 MW Flexible Capacity need, and 3.) Portfolio 6, which
creates a 118 MW Flexible Capacity need. The cost of flexible capacity is typically tied to the
carrying cost of flexible peaking capacity. Black & Veatch is currently completing a study of
busbar costs for new generation on the BHP system, and those costs and the flexible capacity
require ments identified above will be reflected in BHP ’s Integrated Resource Plan development
for Resource Portfolios 3, 5 and 6.

1.4 Study Summary — Effective Load Carrying Capability

PG also completed an Effective Load Carrying Capability (ELCC) assessment of the wind, solar
and battery storage resource portfolio options, to assess the level of reserve capacity that each
option provides to BHP, for use in its resource planning studies and resource procurement
activitiecs. The ELCC analysis is used to determine the percentage ofthe nameplate capacity of
each resource type and location that can be counted on for reserve margin planning purposes.

Figure 1. ELCC Capacity of Wind and Solar Resources
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As shown in Figure 1, the ELCC values for wind are comparable at all three locations for 50 MW
resource additions. For 100 MW wind resource additions, ELCC values are highest at South
Gillette, followed by Cheyenne and then North Douglas. Projected ELCC values at South Gillette
begin at 30 percent with a 50 MW wind addition and decline with additional wind expansion. The
ELCC values for wind at Cheyenne and Douglas begin in the 28 percent range and also decline
with additional wind expansion. However, for the Cheyenne site, estimated ELCC values see a
lesser decline than the other two sites, for wind additions of 150 and 200 MW.

For solar resources, ELCC values are highest at the Gillette location, followed by Hot Springs and
then Cheyenne. Solar ELCC values are considerably lower than those for wind resources,
ranging in the 11 to 13 percent range with 50 MW additions, and declining to around 5 percent
with 200 MW solar additions. The primary driver for lower solar ELCC values is a lower capacity
factor for solar resources, compared to wind.

PG also calculated the ELCC value of stand-alone battery storage at four capacity levels, 20 MW,
40 MW, 60 MW and 100 MW. We determined the battery charge level in every hour to calculate
the amount of capacity that a stand-alone battery storage facility can provide. This capacity
ranges between 0 MW and the maximum capacity ofthe storage facility. Table 2 lists the
estimated ELCC values. As the size of the capacity increases from 20 MW to 60 MW, the
effective capacity contribution is expected to decrease from 80% to 54%.

Table 2. ELCC of Battery Storage

. Incremental 0
Type Capacity (MW) Demand (MW) ELCC (%)
Storage 20 16 80%
Storage 40 27 67%
Storage 60 33 54%
Storage 100 49 49%

©2020 ABB Allrights reserved.

2021 Integrated Resource Plan F-11



F. Variable Energy Resource Integration Report

2 Variable Energy Resource
Projections

2.1 Introduction

Black Hills Corporation retained Hitachi ABB Power Grids (PG) to complete a VER Integration
Study for Black Hills Power (BHP). BHP has been adding renewable resources to its system in
recent years, given improvements in the economic and generation performance of wind and solar
technologies. To supportits Integrated Resource Planning, and in anticipation of adding greater
amounts of wind and solar variable energy resources to its power system, BHP recognized the
need to complete a study of operational and reliability requirements it is likely to face in response
to greater levels of variable energy resources on its system.

2.2 Study Approach

It is important to understand the impact that higher levels of wind and solar penetration will have
on BHP operations, and to identify operational and resource planning steps that can be taken to
assure that grid stability is not compromised. BHP has successfully integrated several wind
projects onto its current system, but with additional wind and solar resources expected to come
on-line in coming years, additional steps may be required to manage increased variability in
generation and net load levels. PG completed this study of variable energy resource integration
requirements by implementing a series of integrated analytic steps, and results from this analysis
will be further implemented into BHP’s current Integrated Resource Planning process and study
results.

In completing this assessment, PG examined forecast and actualload, and thermal, wind and
solar generation data to develop estimates of incremental regulation capacity that BHP will
require to maintain reliability and frequency regulation. A key goalofthe analysis was to quantify
the variability in wind and solar generation facilities and to estimate the quantity and value of 10-
minute operating reserves necessary to maintain reliable system operation. The assessment
examined the impact of wind and solar resource additions separately to estimate incremental
regulating reserve capacity required with each resource type and location. PG also completed
production cost simulations using the Portfolio Optimization software to develop cost estimates of
carrying the incremental re gulation capacity amounts. These analyses were completed for a
combination of wind, solar and battery energy storage resource expansions at several key sites
on the BHP system. PG also completed an assessment to determine the accreditable capacity of
VERs for reliability planning purposes.

The basis analytic steps implemented by PG in completing this study include the following:

1. Data Development — PG worked with the BHP team to gather available system load
data at the hourly and sub-hourly level, and to develop generation profiles for the
renewable resource portfolio options, again at an hourly and sub-hourly level The BHP
team also provided historical and forecast generation data at an hourly and sub-hourly
level. For areas where data gaps existed, particularly for sub-hourly level data, the PG
team supplemented available data by utilizing publicly available data from the National
Renewable Energy Lab (NREL).

Variable Energy Resource Integration Study
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2. Estimate Incremental Regulation Capacity Requirements — To estimate incremental
regulation capacity, PG utilized available BHP and NREL data to develop a consolidated
set ofactual and forecast load, thermal generation, and renewable generation on a 10-
minute interval basis. The historical data were adjusted to reflect planned resource
additions and load growth on the BHP system for the year 2025. The actual and forecast
load and generation data were used to estimate ACE for the BHP system, both with and
without each ofthe Portfolio renewable resource and battery energy storage resource
additions. ACE values on a 10-minute basis were compared to base levelregulation
requirements, where base levelrequirements were developed using NERC’s
recommended Lio formula. ACE values were then re-calculated independently for each
ofthe 12 renewable resource portfolios, and CPS2 violations were tagged. Incremental
Regulation Up and Regulation Down capacity levels were identified as the minimum
amount of regulation capacity needed to ensure there are no CPS2 violations at least 98
percent of the time.

3. Estimate Cost Impact of Carrying Incremental Regulation Reserves — Foreach of
the renewable resource portfolio options, PG completed Portfolio Optimization
simulations, modeling both the resource inclusion and associated incremental Regulation
Up and Regulation Down capacity requirements. The difference in total system
production costs between each portfolio’s simulation with and without the incremental
regulation capacity was used to estimate the cost, per MWh, for carrying the incremental
Regulation Up and Down capacity. The values calculated are per net energy production
for each respective renewable project in the portfolio. PG also examined maximum 3-
hour ramping requirements associated with the wind and solar additions and used those
data to estimate the current and incrementalneed for flexible capacity on the BHP
system, associated with each ofthe renewable resource portfolios. This assessment
also included an evaluation of BHP’s current flexible capacity resources, to determine if
any ofthe renewable resource portfolios is likely to require procurement of incremental
flexible capacity.

4. Estimate Effective Load Carrying Capability — For each ofthe renewable resource
portfolio options, PG developed estimates of the Effective Load Carrying Capability
(ELCC) of'the resource, based on analysis of changes in loss-of-load probability
associated with including that resource in BHP’s supply portfolio, compared to inclusion
ofa ‘perfect” capacity resource as a substitute.

2.3 Variable Energy Resource Integration Considerations

Renewable generation resources, such as wind and solar, are variable and uncertain in nature
because generation output depends on ever-changing wind speeds and solar irradiance that
cannot always be accurately predicted. To manage the uncertainty associated with these types of
resources, system operators can hold additional reserves so the power system can economically
respond to unexpected events and generation fluctuations. High penetration levels of wind and
solar resources leads to an increase in reserves necessary to reliably operate the power system.
The fundamental need when integrating variable energy resources on a system is to have
sufficiently flexible capacity or load to allow for adjustments for unpredicted increases or
decreases in variable energy generation levels, without creating reliability problems or

©2020 ABB Allrights reserved.
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unacceptable levels ofimbalance energy. There are a number of factors that improve the ability

to integrate variable energy resources:

Geographic diversity in siting variable energy resources reduces overall variability in
generation for those resources, due to weather diversity and reduced adverse impacts on
wind and solar generation from localized weather events

Improved load and variable energy resource generation forecasting reduces unplanned
swings in generation and net load, and reduces the overall integration require ment and
cost

Scheduling generation resources on a sub-hourly basis also reduces overall resource
variability and deviation from forecast, and reduces overall re gulation require ments in
operating a power system

Availability of flexible generation and/or energy storage on the power system to rapidly
increase or decrease generation to offset unplanned decreases or increases in variable

energy resource output.

2.4 System Operations and Planning Timeline

Reliable operation of a power system requires different actions and resource adjustments within
different timeframes, ranging from real-time operations with conditions varying instantaneously, to
unit scheduling, commitment and dispatch decisions that occur over hours or days, to long-term
planning and resource procurement activities that span months and years. Figure 2 provides an

illustration ofthe operations and planning timeline and required actions.

Figure 2. Operations and Planning Timeline
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Wind and solar resource generation levels can vary instantaneously, sometimes by relatively
large magnitudes. Voltage and frequency regulation are maintained in short-time steps varying
from seconds to minutes, by altering dispatch ofregulating reserves, typically with generation
resources on Automatic Generation Control (AGC). As higher penetrations of variable energy
resources are grid-connected, variability in generation and net load can increase significantly,
requiring greater levels of regulating reserves. In assessing variable energy resource integration
requirements and costs, PG has focused on understanding operational integration requirements
for Regulation Up and Down capacity, in the 10-minute interval. This aspect focuses on changes
in operational requirements for BHP, and measurement of fuel and variable operating costs
needed to meet those requirements.

As illustrated in Figure 2, longer-term operational and planning/resource procurement actions
focus on commitment, dispatch and scheduling of generating units on a day-ahead or longer
basis, and development of resource plans and supply procurement processes to assemble
generation portfolios that maintain reliable system operation and economic power supply. In
these areas, PG has focused on Resource Adequacy and planning requirements associated with
having sufficient flexible generation resources on the system, and incremental capital costs
required to procure those resources and have sufficient flexible capacity available to meet the
short-term operational requirements.

2.5 Reserve Requirements

NERC establishes a set of reliability and operational measures that must be met by Balancing
Authorities (BA) to maintain reliable system operations. The NERC compliance requirements are
designed to minimize system disturbances and to avoid inadvertent power interchanges between
balancing areas and load-serving entities. For BHP, the NERC requirements are administered
through the Western Energy Coordinating Council (WECC). WECC develops and implements
Regional Reliability Standards and WECC Regional Criteria for the Western Interconnection.
The reliable operation ofthe interconnected power system requires that adequate generating
capacity be available at all times to maintain scheduled frequency and avoid loss of firm load
following transmission or generation contingencies. This generating capacity is necessary to:

e Meetsupply requirements for load variations

e Replace generating capacity and energy lost due to forced outages of generation
or transmission equipment

e Meeton-demand obligations
e Replace energy lost due to curtailment of interruptible imports
e Balance fluctuations in renewable resource generation

Based on NERC guidance, WECC has established operating reserve requirements for Balancing
Authorities in the Western Interconnection, with operating reserves comprised of the following:
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1. Regulating Reserves

e Regulation Up — Rapid response load or capacity held in reserve that can be
quickly dispatched to increase net power injections on the system

e Regulation Down — Rapid response load or capacity that can be quickly
reduced to decrease net power injections on the system

2. Contingency Reserves

e Spinning Reserves — Generation reserve capacity from resources currently
spinning, that can be dispatched to increase or decrease net power injections
within a 10-minute period

e Non-Spinning Reserves — Generation resources not currently spinning, but
which can be dispatched to increase net power injections within a 10-minute
period

Regulating reserves are controlled by AGC which enables generating units to increase or
decrease power output marginally in response to smaller scale system energy imbalances.
Contingency reserves are used to correct for larger scale system imbalances caused usually by a
loss ofa generating unit or transmission line.

2.6 Projected Renewable Resource Additions

BHP currently has one planned solar resource addition anticipated to achieve commercial
operation between now and 2025. The 80 MW Fall River solar project is expected to come on-
line in 2023. In addition, the BHP team identified additional likely sites and wind, solar and
storage capacity additions to be included in assessing variable energy resource integration costs
and requirements. Table 3 below lists the renewable and energy storage capacities and locations
examined in this assessment. The sites were selected both to recognize areas where project
development activity is likely, and to capture benefits of geographical diversification in assessing
generation variability for wind and solar resources. As shown, several of the resource portfolios
examined include battery energy storage resources, which represent a mitigating technology for
managing variable energy production from wind and solar resources.

Variable Energy Resource Integration Study
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Table 3. Variable Energy Resource Portfolios

Portfolio Type Size (MW) Location

1 Wind 50 Cheyenne
2 Wind 100 South Gillette
3 Wind 200 North Douglas
4 Solar 50 Cheyenne
5 Solar 100 Gillette

6 Solar 200 Hot Springs
7 Solar + Storage 100 +40 Cheyenne

8 Solar + Storage 100 +20 Gillette

9 Solar + Storage 100 + 60 Hot Springs
10 Storage 20 Cheyenne
11 Storage 40 Gillette

12 Storage 60 Hot Springs

As shown in Table 2, the study examines wind, solar and battery energy storage resources at
different capacity levels, located in Cheyenne, WY, South Gillette, WY, North Douglass, WY and
Hot Springs, SD. The resource portfolios listed in Table 2 were each examined independently in
the analyses described below. PG did not examine the resource expansion portfolios in
combination, under the scope of this study.

2.7 Study Data Development

The study was completed utilizing detailed generation and load data from several sources.
Assessing CPS2 performance and regulating capacity needs requires both actual and forecast
power system data, on a 10-minute interval basis and assessing ELCC contributions from wind
and solar resources requires detailed generation data on an hourly basis. PG utilized data
provided by BHP to the greatest extent possible in completing the analysis and supplemented
those data in areas where additional data were needed in order to complete the assessment.

2.7.1 Black Hills Power Data

BHP provided detailed system operations data for the historical year 2019, on both an actualand
forecast basis, in addition to forecast data for wind and solar resources expected to achieve
commercial operation over the next several years. BHP data utilized in the assessment include:

e Historical and forecast hourly system load data
e Historical hourly and sub-hourly generation and net interchange data
e Historical sub-hourly generation data for existing wind resources

e Forecasthourly data for wind and solar resource additions

Projected capacity factor for wind and solar resources at those three locations are listed in
Table 4.
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Table 4. Wind and Solar Project Capacity Factor (%)

Wind Solar
Site Capacity | Capacity

Factor Factor
(%) (%)
Cheyenne, WY 45 26
Gillette, WY 40 24
Douglas, WY 43 NA
Hot Springs, SD NA 28

PG utilized the BHP 2019 Actual Data, adjusted for load growth and resource additions to 2025.

As sub-hourly load forecast data and generation forecast data were not available from BHP, PG

developed a sub-hourly load forecast by applying percent differences between hourly actualand
forecast data, with the same percentage value for each hour applied to 10-minute intervals within
that hour. PG assumed no sub-hourly forecast error for thermal resources.

Figure 3 illustrates monthly average load forecast error, based on the BHP 2019 hourly load data.
PG used wind, solar & load forecasting error to calculate the number of regulating reserves
required in 2025 to maintain projected reliability requirements.

Figure 3. Monthly Average Hour-Ahead Load Forecast Error (%)
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2.7.2 NREL Wind Data

Because 10-minute actual and forecast data were not available for the wind resources, PG
researched NREL data availability and obtained data from NREL’s Techno-Economic Wind
Toolkit dataset for wind resources. The WIND Toolkit includes meteorological conditions and
turbine power data for more than 126,000 sites in the continental United States for the years from
2007 to 2013. The data available includes both actual and forecast data for each site. For actual
data, wind generation is available at a 5-minute interval. For forecast data, projected wind
generation for each site is available on an hourly basis, including 1-hour, 4-hour, 6-hour and 24-
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hour day-ahead forecasts. The forecast data were developed by 3Tier, under contract with
NREL.

PG selected three sites in the closest possible proximity to Cheyenne, North Douglas and South
Gillette. Table 5 lists the location ofselected sites, along with the capacity underlying each data
series in the NREL data. PG utilized the NREL data and made adjustments to reflect projected
sizes of each wind resource as listed earlier in Table 3. PG also converted the NREL 5-minute
interval actual wind generation data to a 10-minute interval for completing the CPS2 reliability
analysis.

Table 5. NREL Wind Site Data

. . . . Capacity
Site Site ID Longitude Latitude MW)
Cheyenne, WY 63094 -105.108673 41.150742 10
Gillette, WY 103689 -105.943146 44.393757 16
Douglas, WY 96825 -108.575897 43.561279 14

The NREL data setincludes data for the years 2007 through 2013. Assessment ofthe data
showed considerable variability between different years. To address that variability, PG used the
seven years of NREL data to calculate a set of synthetic annual data for each site. The synthetic
shapes were derived by calculating median level actual wind generation for each 10-minute
intervalin a year, and by calculating median levelactual and forecast hourly generation for each
hour intervalin a year.

While the NREL data included S5-minute resolution actual generation levels, for both the NREL
data and for the Black Hills wind data, sub-hourly forecast data were not available. Using
available hourly-level forecast data, PG constructed 10-minute interval forecast data for both
generation and load, by applying the percentage difference between forecast and actual from the
available hourly datasets. This approach introduces some auto-correlation into the analysis of
10-minute data. PG inspected the hourly and sub-hourly data used, and believes it is reasonably
representative and suitable for the variable resource integration analysis.

2.7.3 NREL Solar Data

Because 10-minute actual and forecast data were also not available for the solar resources, PG
further researched NREL data availability and obtained data from NREL’s Solar Power Data for
Integration Studies dataset for solar resources. The Solar Power Data for Integration Studies
consist of 1 year (2006) of 5-minute solar power and hourly day-ahead forecasts for
approximately 6,000 simulated PV plants. Solar power plant locations were determined based on
the capacity expansion plan for high-penetration renewables in Phase 2 ofthe Western Wind and
Solar Integration Study and the Eastern Renewable Generation Integration Study. NREL
generated the 5-minute data setusing the Sub-Hour Irradiance Algorithm. The day-ahead solar
forecast data for locations in the western United States were generated by 3TIER based on
numerical weather predication simulations for Phase 1 ofthe Western Wind and Solar Integration
Study.

PG selected three sites in the closest possible proximity to Cheyenne and Gillette, WY, and Hot
Springs, SD. Table 6 lists the location ofselected sites, along with the capacity underlying each
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data series and projected capacity factor implicit in the NREL data. PG utilized the NREL data
with adjustments to reflect projected sizes of each solar resource as listed earlier in Table 3. PG
also converted the NREL 5-minute interval actual wind generation data to a 10-minute interval for
completing the CPS2 reliability analysis.

Table 6. NREL Solar Site Data

Capacity
Site Site ID | Longitude Latitude MW)
Cheyenne, WY 63094 -104.85 41.15 9
Gillette, WY 103689 -105.55 44.35 6
Hot Springs, SD 96825 -102.95 43.45 14

While the NREL data included 5-minute resolution actual generation levels, for both the NREL
data and for the Black Hills solar data, sub-hourly forecast data were not available. Following the
same approach that had been developed for the wind data, PG again used available hourly-level
forecast data to construct 10-minute interval forecast data for solar generation by applying the
percentage difference between forecast and actual from the available hourly datasets.

Variable Energy Resource Integration Study
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3 Variable Energy Resource Integration
Requirements and Costs

3.1 Overview

A number of studies have been completed examining wind and solar resource integration needs
and costs, including large-scale studies ofthe Western U.S. completed under NREL direction and
funding. A common methodology used in renewable integration studies across the industry is to
focus on changes in regulation capacity needed to offset generation uncertainty created due to
the intermittent nature of generation from wind and solar resources. Itis well-recognized that the
extent to which renewable resource variability becomes an issue will depend on numerous
system-specific factors including power system size and the proportion of generation that is
variable, the potential output of the resources, and the ability to forecast that output.

This study focused on the operating reserves required to integrate wind and solar in dispatch
operations. Specifically, this study considered the operating reserves that can respond to
changes in system ACE in a 10-minute timeframe to ensure reliable system operation. The
system ACE is measured as the difference in the scheduled generation and load versus the
actual generation and load for each 10-minute clock interval. Under-forecasting the load can be
offset by under-forecasting of the wind or solar. Conversely, over-forecasting of the load will be
exacerbated by under-forecasting ofthe wind or solar and cause a higher frequency bias, unless
AGC or the system operator can take corrective action.

To assess 10-minute regulating reserves, PG developed an approach that approximates NERC
CPS2 for maintaining balancing area reliability. The NERC CPS2 criterion is a statistical
measure of the ACE measured in 10-minute clock intervals. The CPS2 reliability criterion
stipulates that the system ACE must be within a tolerable deviation range (defined as the Lio) for
90 percent of the 10-minute clock intervals for each month. PG developed an Excel model
(“Variable-Resource Integration model”) to calculate the difference between the predicted and
actual output of the wind and solar energy on the BHP system in 2025.

The increase in 10-minute regulating reserves required to keep the number of future CPS2 errors
within either a 5 percentile band or a 2 percentile band was used as the basis to estimate
incremental Regulation Up and Regulation Down requirements associated with different variable
energy resource expansion options, and to assess variable energy resource integration costs!.

I Note that the 5 percentile and 2 percentile bands are more conservative than the NERC standard requiring
ACE to be within required limits atleast 90 percent ofthe time. There are two factors supporting the use of
higher, more conservative performance levels. First, examination of individual years of NREL wind data
reveals considerable variation in actual and forecast wind generation levels, so under varying meteorological
conditions, regulation needs will vary upward. Second, the approach utilized by PG in this study mirrors an
approach utilized by Black & Veatch in completing a similar study of the Black Hills Colorado system in
2015, which will facilitate consistency in resource planning approach and decisions across the Black Hills
Corporation organization.
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The impact of variation in load was also reflected in the CPS2 model. Actual 5-minute and hourly
load data and forecasts provided by BHP were used to develop ACE estimates, along with the
wind and solar data.

3.2 Black Hills Power Baseline Regulation Requirements

As indicated above, PG completed an assessment of CPS2 performance for BHP, both based on
its current power system, with load and supply resources expected to be in place in 2025, and
with additional wind, solar and storage resource additions. For this analysis, ACE was calculated
as:

ACEvw = (Actual Load — Forecast Load)
+ (Actual Thermal Generation — Forecast Thermal Generation)
+ (Actual Wind Generation — Forecast Wind Generation)
+ (Actual Solar Generation — Forecast Solar Generation)

ACE values were first calculated for each 10-minute interval for the year 2025, based on BHP’s
existing system, including load growth and resource additions planned through 2025.

For each 10-minute interval, the calculated ACE values were compared to projected NERC L1o
values. Lo is a guideline metric calculated by NERC, which expresses balancing capacity targets
as a function of peak demand. If the ACE value exceeded the projected L1o value, by a positive
quantity, then that period was flagged as a Regulation Up violation, and if the ACE value was less
than the negative of the projected L1o value, then that period was flagged as a Regulation Down
violation. Based on BHP’s projected 2025 load, the NERC L1 values are 49 MW, which were
interpreted as Regulation Up and down requirements for BHP’s 2025 power system, absent any
additional supply resource additions.

Comparing the estimated ACE values to Lio-based Regulation Up and Regulation Down
requirements, PG estimated that at a 95th percentile CPS2 compliance level, the BHP 2025
power system will have both Regulation Up and Regulation Down requirements of 49 MW based
on its forecast load, current thermal resources, and current and projected renewable resources.
At a 98th percentile CPS2 compliance level, the BHP 2025 power system would have a slightly
higher 55 MW Regulation Up requirement, and 50 MW Regulation Down requirement. As BHP is
not an independent balancing authority subject directly to NERC compliance, these values can be
interpreted as guideline and baseline metrics for BHP to consider in its resource planning and
supply procurement activities.
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Figure 4. BHP Base System ACE and Regulation Requirements
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As shown in Figure 4, there are a smallnumber ofhours where ACE values exceed the
Regulation Up requirement, which is permissible under the CPS2 metric. Those exceedances
occur less than two percent of the 10-minute intervals shown. Under the base system,
Regulation Down requirements do not exceed the lower level Lio band.

3.3 Black Hills Power Incremental Regulation Requirements

For each ofthe renewable resource portfolio additions, PG developed estimates of incremental
regulation requirements at both a 95 percent and 98 percent CPS2 performance level. Table 7
summarizes estimated incremental regulation requirements for each resource portfolio examined.
As shown, incremental Regulation Up quantities vary from zero MW to 50 MW. Because wind
generation forecast error is much more volatile than solar, the incremental re gulation
requirements are higher for wind resources.
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95% CPS2: 95% CPS2: 98% CPS2: 98% CPS2:
T Type Size (MW) RV, Incremental Incremental Incremental | Incremental
Regulation Regulation Regulation Regulation
Up (MW) Down (MW) Up (MW) Down (MW)
Existing System 55 49 49 55
1 Wind 50 Cheyenne 8 0 24 0
2 Wind 100 S. Gillette 7 6 26 22
3 Wind 200 N. Douglas 25 32 50 40
4 Solar 50 Cheyenne 0 0 7 1
5 Solar 100 Gillette 0 0 10 1
6 Solar 200 Hot Springs 1 0 11 1
7 Solar + Storage 100 + 40 Cheyenne 0 0 0 1
8 Solar + Storage 100 + 20 Gillette 0 0 0 1
9 Solar + Storage 100 + 60 Hot Springs 0 0 0 1
10 Storage 20 Cheyenne 0 0 0 1
11 Storage 40 Gillette 0 0 0 1
12 Storage 60 Hot Springs 0 0 0 1

3.3.1 Resource Portfolio 1: 50 MW Wind Addition at Cheyenne, WY

Resource Portfolio 1 includes a 50 MW wind resource addition at Cheyenne, WY, with a wind
regime similar to existing BHP wind generators. Figure 5 provides a comparison of system ACE
values under the base and expanded system. As shown, adding a 50 MW wind resource at

Cheyenne results in higher positive ACE values, approaching 100 MW in some hours, and

exceeding the Lio Regulation Up requirement with greater frequency.

For the Cheyenne wind resource addition, PG estimates that BHP would require 8 MW of
additional Regulation Up capacity to achieve 95 percent CPS2 compliance, and 24 MW of

additional Regulation Up capacity to achieve 98 percent CPS2 compliance. The magnitude and
frequency of Regulation Down exceedances are minor for this resource portfolio, and do not

require any additional Regulation Down capacity.
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Figure 5. BHP Base System and Expanded Ace — Cheyenne 50 MW Wind Addition
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3.3.2 Resource Portfolio 2: 100 MW Wind Addition at South Gillette, WY

Resource Portfolio 2 doubles the assumed wind addition at South Gillette, WY, to 100 MW.
Figure 6 provides a comparison of system ACE values under the base and expanded system for
this wind resource addition. As shown, with the 100 MW wind addition, the frequency of ACE
exceeding the Regulation Up Lio level increases, and some upward ACE values approach 125
MW, which is 75 MW higher than the Lio Regulation Up band.

For the South Gillette 100 MW wind resource addition, PG estimates that BHP would require 7
MW ofadditional Regulation Up capacity to achieve 95 percent CPS2 compliance, and 26 MW of
additional Regulation Up capacity to achieve 98 percent CPS2 compliance. There is also a
greater frequency of Regulation Down exceedances. The 100 MW wind addition at Gillette is
estimated to require 6 MW of incremental Regulation Down capacity to meet the 95 percent
CPS2 standard, and 22 MW of Regulation Down capacity to meet the 98 percent standard.

Figure 6. BHP Base System and Expanded Ace — South Gillette 100 MW Wind Addition
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3.3.3 Resource Portfolio 3: 200 MW Wind Addition at North Douglas, WY

Resource Portfolio 3 again doubles the assumed wind addition, to 200 MW, in this case at North
Douglas, WY. Figure 7 provides a comparison of system ACE values under the base and
expanded system for this wind resource addition. As shown, with the 200 MW wind addition, the
frequency of ACE exceeding the Regulation Up Lio level further increases, with a wider range of
upward ACE exceedance levels, and some upward ACE values approaching the full200 MW.
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For the North Douglas 200 MW wind resource addition, PG estimates that BHP would require 25
MW ofadditional Regulation Up capacity to achieve 95 percent CPS2 compliance, and 50 MW of
additional Regulation Up capacity to achieve 98 percent CPS2 compliance. The Regulation
Down exceedances are more frequent and of greater magnitude with a 200 MW wind addition.
PG estimates that 32 MW of incremental Regulation Down capacity to meet the 95 percent CPS2
standard, and 40 MW of Regulation Down capacity to meet the 98 percent standard.

Figure 7. BHP Base System and Expanded Ace — North Douglas 200 MW Wind Addition
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3.3.4 Resource Portfolio 4: 50 MW Solar Addition at Cheyenne, WY

Resource Portfolio 4 assumes a 50 MW solar resource addition at Cheyenne, WY. Figure 8
provides a comparison of system ACE values under the base and expanded system for this solar

resource addition. As shown, with the 50 MW solar addition, there is an increase in the frequency
of ACE exceeding the Regulation Up Lio level, but the frequency and magnitude ofthose
exceedances are relatively low. There are only minor instances of ACE levels exceeding the Lio
Regulation Down band. In general, the forecast error for solar resources is substantially lower
than for wind, so the frequency and magnitude of ACE exceedances is lower.

For the Cheyenne 50 MW solar resource addition, PG estimates no incremental Regulation Up
capacity would be required to achieve 95 percent CPS2 compliance, and 7 MW of additional
Regulation Up capacity would be required to achieve 98 percent CPS2 compliance. The
Regulation Down exceedances are minor, with no incremental Regulation Down capacity to meet
the 95 percent CPS2 standard, and 1 MW to meet the 98 percent standard.
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Figure 8. BHP Base System and Expanded Ace — Cheyenne 50 MW Solar Addition
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3.3.5 Resource Portfolio 5: 100 MW Solar Addition at South Gillette, WY

Resource Portfolio 5 assumes a 100 MW solar resource addition at South Gillette, WY. Figure 9
provides a comparison of system ACE values under the base and expanded system for this solar
resource addition. As shown, with the 100 MW solar addition, there is an increase in the
frequency of ACE exceeding the Regulation Up Lio level, with some upward ACE values
approaching 100 MW, which is 60 MW above the Lio Regulation Up band. There are only minor
instances of ACE levels exceeding the Lio Regulation Down band.

For the South Gillette 100 MW solar resource addition, PG again estimates no incremental
Regulation Up capacity would be required to achieve 95 percent CPS2 compliance, and 10 MW
of additional Regulation Up capacity would be required to achieve 98 percent CPS2 compliance.
The Regulation Down exceedances continue to be minor, with no incremental Regulation Down
capacity to meet the 95 percent CPS2 standard, and 1 MW to meet the 98 percent standard.

Figure 9. BHP Base System and Expanded Ace — South Gillette 100 MW Solar Addition
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3.3.6 Resource Portfolio 6: 200 MW Solar Addition at Hot Springs, SD

Resource Portfolio 6 assumes a 200 MW solar resource addition at Hot Springs, SD. Figure 10

provides a comparison of system ACE values under the base and expanded system for this solar

resource addition. As shown, with the 200 MW solar addition, there is a further increase in the
frequency of ACE exceeding the Regulation Up Lio level, with some upward ACE values
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approaching 140 MW, which is 90 MW above the Lio Regulation Up band. There are only minor
instances of ACE levels exceeding the Lio Regulation Down band.

For the Hot Springs 200 MW solar resource addition, PG again estimates that BHP would require
1 MW ofadditional Regulation Up capacity to achieve 95 percent CPS2 compliance, and 11 MW
of additional Regulation Up capacity would be required to achieve 98 percent CPS2 compliance.
This can be seen in Figure 10, where there the magnitude of ACE Regulation Up exceedances
are greater, with upward ACE values approaching 130 MW, the relative frequency of such
exceedances is still relatively moderate. The Regulation Down exceedances continue to be
minor, with no incremental Regulation Down capacity to meet the 95 percent CPS2 standard, and
1 MW to meet the 98 percent standard.

Figure 10. BHP Base System and Expanded Ace — Hot Springs 200 MW Solar Addition
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3.3.7 Resource Portfolio 7: 100 MW Solar Addition Plus 40 MW Battery
Energy Storage at Cheyenne

Resource Portfolio 7 assumes a 100 MW solar resource addition combined with a 40 MW Battery
Energy Storage (BESS)? resource at Cheyenne, WY.

Figure 11 provides a comparison of system ACE values under the base and expanded system for
this solar resource addition. As shown, with the 100 MW solar addition, there is an increase in
the frequency of ACE exceeding the Regulation Up Lio level, with some upward ACE values
approaching 90 MW, which is 40 MW above the Lio Regulation Up band. There are only minor
instances of ACE levels exceeding the Lio Regulation Down band.

For the 100 MW solar resource addition, PG again estimates no incremental Regulation Up
capacity would be required to achieve 95 percent CPS2 compliance, and 8 MW of additional
Regulation Up capacity would be required to achieve 98 percent CPS2 compliance. The 40 MW
battery addition is sufficient to cover that incremental 8 MW ofregulation capacity, so on net, PG
estimates no incremental Regulation Up requirement for the combined solar/storage project. The
Regulation Down exceedances are minor, with no incremental Regulation Down capacity to meet
the 95 percent CPS2 standard, and 1 MW to meet the 98 percent standard. That Regulation

2 Energy storage resources in the solar plus BESS portfolios are assumed to exclusively charge from the
solarresource that they are paired with in order to be eligible for the investment tax credit.
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Down capacity can also be met with the battery, so on net, no incremental regulation capacity is
needed.

Figure 11. BHP Base System and Expanded Ace — Cheyenne, WY 100 MW Solar Plus 40
MW Battery Energy Storage Addition
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3.3.8 Resource Portfolio 8: 100 MW Solar Addition Plus 20 MW Battery
Energy Storage at South Gillette

Resource Portfolio 8 assumes a 100 MW solar resource addition combined with a 20 MW Battery
Energy Storage (BESS) resource at Gillette, WY. This portfolio essentially adds a 20 MW battery
to Resource Portfolio 5 discussed above.

Figure 12 provides a comparison of system ACE values under the base and expanded system for
this solar and battery resource addition. As shown, with the 100 MW solar addition, there is an
increase in the frequency of ACE exceeding the Regulation Up Lio level, with some upward ACE
values just over 100 MW, which is 50 MW above the Lio Regulation Up band. There are only
minor instances of ACE levels exceeding the Lio Regulation Down band.

For the 100 MW solar resource addition, PG again estimates no incremental Regulation Up
capacity would be required to achieve 95 percent CPS2 compliance, and 10 MW ofadditional
Regulation Up capacity would be required to achieve 98 percent CPS2 compliance. The 20 MW
battery addition is sufficient to cover that incremental 10 MW ofregulation capacity, so on net, PG
estimates no incremental Regulation Up requirement for the combined solar/storage project. The
Regulation Down exceedances are minor, with no incremental Regulation Down capacity to meet
the 95 percent CPS2 standard, and 1 MW to meet the 98 percent standard. That Regulation
Down capacity can also be met with the battery, so on net, no incremental regulation capacity is
needed.
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Figure 12. BHP Base System and Expanded Ace — South Gillette, WY 100 MW Solar Plus 20
MW Battery Energy Storage Addition
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3.3.9 Resource Portfolio 9: 100 MW Solar Addition Plus 60 MW Battery
Energy Storage at Hot Springs, SD

Resource Portfolio 9 assumes a 100 MW solar resource addition plus a 60 MW Battery Energy
Storage (BESS) resource at Hot Springs, SD. Figure 13 provides a comparison of system ACE
values under the base and expanded system for this solar and battery resource addition. As
shown, with the 100 MW solar addition, there is an increase in the frequency of ACE exceeding
the Regulation Up Lio level, with some upward ACE values just over 90 MW, which is 40 MW
above the Lio Regulation Up band. There are a smallnumber of instances of ACE levels
exceeding the Lio Regulation Down band.

For the 100 MW solar resource addition, PG again estimates no incremental Regulation Up
capacity would be required to achieve 95 percent CPS2 compliance, and 9 MW of additional
Regulation Up capacity would be required to achieve 98 percent CPS2 compliance. The 60 MW
battery addition is sufficient to cover that incremental 10 MW ofregulation capacity, so on net, PG
estimates no incremental Regulation Up requirement for the combined solar/storage project. The
Regulation Down exceedances are minor, with no incremental Regulation Down capacity to meet
the 95 percent CPS2 standard, and 1 MW to meet the 98 percent standard. That Regulation
Down capacity can also be met with the battery, so on net, no incremental regulation capacity is
needed.
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Figure 13. BHP Base System and Expanded Ace — Hot Springs, SD 100 MW Solar Plus 60
MW Battery Energy Storage Addition
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3.3.10 Resource Portfolios 10, 11 and 12: 20 MW, 40 MW and 60 MW Battery
Storage Additions at Cheyenne, Gillette and Hot Springs

Resource Portfolios 10, 11, and 12 assume stand-alone Battery Energy Storage installations at
Cheyenne, WY, Gillette, WY and Hot Springs, SD, respectively. PG assumed thata stand-alone
battery installation would not create any incremental forecast error that would contribute to ACE,
and as such, there is zero incremental Regulation Up or Regulation Down requirements due to
installation of stand-alone battery storage facilities.

3.4 Black Hills Power Incremental Regulation Cost

For each ofthe renewable resource portfolio additions listed above in Table 7, PG utilized the
Portfolio Optimization (PO) model to simulate the BHP power system, including each resource
addition. PG also modelled incremental Regulation Up and Regulation Down capacity
requirements for each ofthe resource portfolios as outlined in Table 7.

For each PO simulation, the difference in total system production costs between each portfolio’s
simulation with and without the incremental regulation capacity was used to develop estimated
cost per MWh for meeting the incremental Regulation Up and Down requirements. PG also
evaluated the need for additional flexible capacity, and associated costin cases where
incremental capacity is needed.

3.4.1 BHP Thermal Station Ancillary Services Capabilities
To model the regulation requirements, PG specified two ancillary services variables:
e AS1 was defined as Regulation Up and AS2 was defined as Regulation Down. These
variables were modeled to reflect incremental Regulation Up and Regulation Down

requirements for each portfolio.

e Inthe PO model, the A/S Contribution Type was setto On-line Only for all Thermal units
used to provide AS1 and AS2.

PG completed an assessment of the existing BHP generation portfolio and specified nine thermal
generating units as having capability to provide Regulation Up and Regulation Down capacity.
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Incremental battery storage resources included in Portfolios 7 through 12 would also have
capability to provide regulation capacity. For existing thermalresources, ancillary services
capabilities reflected in the PO simulations are listed in Table 8.

Table 8. Thermal Station Ancillary Services Capabilities

Can provide Capacity | Capacity

Station Regulation up | Minimum | Maximum Notes
or down (Y/N) MW) MW)
1_CTBF1 Yes 2 20 I-hour minimum run time.
1 CTBF2 Yes 2 20 1-hour minimum run time.
1 CTBF3 Yes 2 20 1-hour minimum run time. Black Start Unit.
1 CT BF4 Yes 2 20 1-hour minimum run time. Black Start Unit.
l-hour minimum run time (2 hours when
1_CT Lange Yes 20 38 .
B temperature is below 20 degrees).
1_LMCC CPGS Ix1 -20 Ix1 - 48 . .
- Yes 2-hour minimum run time.
BHP 2x1 - 50 2x1 - 95
1 Neil Simpson2 Yes 60 80
1 Wygen III Yes 70 103

3.4.2 BHP Incremental Regulation Cost

Estimated costs for BHP to carry additional Regulation Up and Regulation Down capacity are
listed below in Table 9. These cost estimates reflect changes in BHP operating cost as the
system unit commitment and dispatch is altered to reflect an increased Regulation Up and Down
capacity operating reserve requirement. The costs in Table 9 do notreflect any capital related
costneeded to procure additional flexible regulation capacity. As shown, PG estimated
incremental regulation costs assuming Regulation Up and Down quantities needed to meet the
98 percentile CPS2 standard. For resource portfolios that include only battery storage projects,
PG has not estimated an incremental regulation requirement or cost, as storage only resources
are unlikely to cause incremental ACE deviations.

Estimated regulation costs for wind additions vary by location and project size, ranging from
$6.56/MWh fora 100 MW wind resource at South Gillette, to $10.17/MWh for a 50 MW wind
resource at Cheyenne, and $11.12/MWh for a 200 MW wind resource at North Douglas.

For solar resource additions, incremental regulation costs range from $1.57/MWh fora 200 MW
solar resource at Hot Springs, WY, to $4.63/MWh for a 100 MW solar resource at Gillette, to

$5.38/MWh fora 50 MW solar resource at Cheyenne. Forresource portfolios including solar with
battery storage, PG concluded that incremental Regulation Up requirements could be met by the
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installed battery capacity and stored energy, in which case the incremental cost shown is to cover
Regulation Down requirements only.?

BHP also has an option to procure regulation from WAPA, through its Open Access Transmission
Tariff (OATT) at a lower cost. WAPA’s current tariff offers regulation service for a fixed cost of
$0.303/kW/Month for wind resources, and $0.205/kW/Month for solar resources. Ata 40%
annual average wind capacity factor, the WAP A regulation cost is equivalent to $1.04/MWh for
wind resources, and ata 25% annualaverage capacity factor for solar, it would be equivalent to
$1.12/MWh for solar resources.

Table 9. Incremental BHP Regulating Reserve Cost

Regulation | Regulation
98% CPS2: | 98% CPS2:
. Cost — Cost —
. Size . Incremental | Incremental
Portfolio Type Location . . BHP WAPA
(MW) Regulation | Regulation . .
Generation Tariff
Up (MW) | Down (MW)
($/MWh) | ($/kW/Mo)
Existing System 55 50
1 Wind 50 Cheyenne 24 0 $10.17 $0.303
2 Wind 100 S. Gillette 26 22 $6.56 $0.303
3 Wind 200 N. Douglas 50 40 $11.12 $0.303
4 Solar 50 Cheyenne 7 1 $5.38 $0.205
5 Solar 100 Gillette 10 1 $4.63 $0.205
6 Solar 200 Hot Springs 11 1 $1.57 $0.205
7 Solar + Storage | 100 +40 | Cheyenne 0 1 $0.02 $0.205
8 Solar + Storage | 100 + 20 Gillette 0 1 $0.03 $0.205
9 Solar + Storage | 100 + 60 | Hot Springs 0 1 $0.02 $0.205
10 Storage 20 Cheyenne 0 1 N/A
11 Storage 40 Gillette 0 1 N/A
12 Storage 60 Hot Springs 0 1 N/A

3.4.3 The Dynamics of Providing Regulation Capacity on the BHP System

In completing the PO simulations, PG examined unit operations for the BHP generation portfolio
to better understand the dynamics of meeting incremental regulation requirements. Figure 14
provides an illustration ofthermal resource contributions to a 50 MW Regulation Up requirement
on the BHP system. As shown, Regulation Up Ancillary Services are provided primarily by Neil
Simpson 2 Steam, Wygen [lland LMCC1 CPGS generators. The Ben French CTs and the
Lange CT operate and provide Regulation Up capacity during more limited time periods when
more economicalunits are offline for planned maintenance or forced outage.

3 If the battery storage facility is not operated to meet the incremental regulation requirement, then total
regulation/integration costs for those three portfolios would be higher, estimated at $2.56/MWh for Resource
Portfolio 7, $3.41/MWh for Resource Portfolio 8, and $2.80/MWh for Resource Portfolio 9.
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Figure 14. Provision of Regulation Up
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Regulation Down ancillary services are provided primarily by the Wygen IIl unit. Figure 15
provides an illustration of thermal resources providing 50 MW of Regulation Down services on the
BHP system. As shown, a large share of such services are provided by Wygen lll, with a small
portion of additional Regulation Down services provided by Neil Simpson II.

Figure 15. Provision of Regulation Down
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Changes in operating costs and the cost of providing regulating reserves are sensitive to the
magnitude of additional Regulation Up capacity that BHP will be required to carry with each of the
Resource Portfolios. For example, for Resource Portfolios requiring incremental Regulation Up
Capacity in the 8 to 10 MW range, such as for the solar resource expansions, the balance of
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Regulation Up capacity can be supplied by Neil Simpson 2, at a relatively low cost. Figure 16
provides an illustration ofthermal resource contribution to provide 9 MW of Regulation Up
capacity. With that level of incremental regulation requirement, most of the Regulation Up
provision occurs from Neil Simpson 2, and the incremental system costis less than $3/MWh.

Figure 16. Resource Provision of 9 MW Regulation Up Requirement
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In contrast, with a 30 MW incremental Regulation Up requirement, over 50 percent of regulation
capacity on the BHP system is provided by the natural gas-fueled LMCC1 CPGS. The
incremental operating cost and change in BHP system costs is considerably higher with that level
ofregulation requirement, with incremental regulation costs exceeding $10/MWh.

Figure 17 provides an illustration of thermal unit regulation capacity contribution under those
conditions.
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Figure 17. Resource Provision of 30 MW Regulation Up Requirement
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3.4.4 Flexible Capacity Requirements

In addition to assessing incremental Regulation Up and Regulation Down costs and quantities
likely to be incurred due to changes in BHP operating costs, PG also completed an assessment
of whether BHP is likely to require additional flexible capacity to integrate the Resource Portfolios.
PG completed this assessment by applying a methodology originally developed by the California
Independent System Operator (CAISO) to assess flexible capacity requirements4.

Under that approach, the need for Flexible Capacity Need is determined by examining the
capacity of the most severe single contingency and the monthly maximum contiguous 3-hour
ramp on the BHP system. At 103 MW, Wygen Ill represents the single largest contingency on the
BHP system. PG created an hourly 2025 Net Load forecast for the existing system by subtracting
BHP’s existing VER generation forecast from the BHP Full load forecast. PG then calculated the
maximum three-hour Net Load contiguous ramp for each month of 2025. Results of those
calculation are illustrated below in Figure 18.

4 See, http://www.caiso.com/Documents/Final2020FlexibleCapacityNeedsAssessment.pdf
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Figure 18. Maximum Net 3-Hour Ramp — Existing BHP System
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Using the net 3-hour ramp calculations, incremental Flexible Capacity requirements were
estimated by subtracting Black Hills Power’s existing Flexible Capacity (excluding the largest
contingency, Wygen Il — 293 MW from the Maximum Flexible Capacity Need.

Table 8 illustrates results of this assessment. As shown, three ofthe Resource Portfolios require
procurement of additional Flexible Capacity, including Portfolio 3, which creates a Flexible
Capacity need of 86 MW, Portfolio 5 which creates a 16 MW Flexible Capacity need, and
Portfolio 6, which creates a 118 MW Flexible Capacity need. The cost of flexible capacity is
typically tied to the carrying cost of flexible peaking capacity. Black & Veatch is currently
completing a study of busbar costs for new generation on the BHP system, and those costs and
the flexible capacity requirements identified above will be reflected in BHP’s Inte grated Resource
Plan development for Resource Portfolios 3, 5 and 6.
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Table 10. BHP Flexible Capacity Need
Max Max
Incremental )
. Three- Flexible | Resource
. Size . Three-Hour )
Portfolio Type Location Hour Capacity Need
(MW) Max Ramp
Ramp MW) Need MW)
MW) (MW)
Existing System 55 136 239
1 Wind 50 Cheyenne 162 26 265 0
2 Wind 100 S. Gillette 172 36 275 0
3 Wind 200 N. Douglas 276 140 379 86
4 Solar 50 Cheyenne 166 30 269 0
5 Solar 100 Gillette 206 70 309 16
6 Solar 200 Hot Springs 308 172 411 118
7 Solar + Storage | 100 +40 Cheyenne 187 51 272 0
8 Solar + Storage | 100 +20 Gillette 187 51 289 0
9 Solar + Storage | 100 + 60 | Hot Springs 197 61 252 0
10 Storage 20 Cheyenne N/A N/A N/A N/A
11 Storage 40 Gillette N/A N/A N/A N/A
12 Storage 60 Hot Springs N/A N/A N/A N/A
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4 ELCC Calculation for Black Hills
Power’s Renewable Resources

4.1 Overview

VERs such as wind and solar have fluctuating availability throughout the year and present
variable capacity contribution towards system peak demand. The power system planners
implement the Loss of Load Expectancy (LOLE) method or the rather novel Effective Load
Carrying Capability (ELCC) method in order to determine the accreditable capacity provided by
those resources to safeguard the grid’s reliability.

LOLE method targets a reliability levelof0.1 days/year during which the capacity of resources
are not sufficient to supply the demand. Certain generators have forced outage rates and
resulting total generator availability levels cause insufficient generation when it is compared with
hourly demand. LOLE is calculated based on the Loss of Load Probability (LOLP) that occurs
primarily during the peak hours. However, evaluating a capacity contribution ofresource during
the peak hours results in an underestimation ofthe value provided by renewable resources. In
order to understand the additional reliability contribution of variable energy resources to energy
demand throughout the year, PG examined the impact on expected unserved energy value as
well. The LOLE approach traditionally has been implemented to attain the planning reserve
margin. Traditionally, a 0.1 day/year LOLE threshold for a power system has been targeted.
When power systems consisted primarily of controllable thermal generation, the LOLE standard
was measured and achieved by setting a reserve margin level and ensuring that load serving
entities had sufficient capacity resources to meet the reserve margin during the peak hour. As
the amount of variable energy resources increased on regional power systems, the industry
began to examine metrics in addition to reserve margin to ensure the LOLE threshold is met, and
for ways to recognize that variable energy resources contribute to system reliability beyond the
expected generation level provided in just the peak hour. The ELCC method has been
recognized as a sound analytic technique to better assess the reliability contribution of variable
energy resources. The ELCC approach measures a new variable generator’s contribution to
overallresource adequacy by calculating the additionalload that can be supplied at a certain
reliability level. ELCC illustrates the new resource’s load carrying capability for all hours in a year.

In order to determine the accreditable capacity for VERs, ELCC was calculated for BHP based on
the LOLE metric. The LOLE metric is used to measure the effective capacity contribution ofan
individual variable energy resource addition by calculating the incremental impact on the same
system. The Initial system’s LOLE level represents the target reliability level to achieve after the
variable resource addition. These calculations were completed for each ofthe Resource
Portfolios with varied solar and wind resource additions, as wellas paired solar and energy
storage combinations as listed above in Table 3.

4.2 Methodology

LOLE was used as the metric to calculate the ELCC value for each Resource Portfolio. ELCC
values represent the percentage of accreditable capacity that a given resource can reliably
provide compared to its nameplate capacity.
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The LOLE calculation was performed hourly for the 2025 planning year. First, the reliability
adequacy level ofthe BHP baseline system was calculated. This target reliability level is
measured in hours ofloss ofload per year. Second, a variable energy resource (e.g. 50 MW
wind) was added to the baseline system. Each incremental resource improves the baseline’s
LOLE value by providing a higher level of reliability. Then, PG calculated the additional load (e.g.
20 MW) that can be added to the system while achieving the same reliability level as the base
system. Finally, this additional demand was divided by the nameplate capacity of the variable
energy resource addition to calculate the ELCC of'that resource. The ELCC value represents the
quantity of ‘perfect capacity’ (with 100 percent availability) that could be replaced or avoided with
wind, solar, storage, etc. while providing equivalent system reliability.

For example, ifa 50 MW wind resource is added to the BHP system and it allows the system
demand to be increased by 20 MW while achieving the same reliability level as the base system,
the ELCC ofthat wind farm is equalto 20/50=40%. As expected, adding larger amounts of
renewable resources result in lower ELCC value provided by those resources. This approach is
different than assessing the firm capacity ofa renewable resource by just looking at its capacity
contribution during the peak hour or a group of peak hours. The ELCC approach considers the
value ofthe resource throughout the year and allows for a certain loss ofload threshold.

PG received hourly data from BHP staff for its current and projected system demand and variable
energy resource generation. BHP staffalso provided thermal and renewable resource
characteristics (e.g. unit capacity, generating unit forced outage rates). PG developed a
spreadsheet-based toolto calculate the reliability of the BHP system by incorporating generator
data, hourly system demand, and hourly capacity ofnamed renewable resources and future
renewable portfolios for the year 2025. The tool compares the hourly net load ofthe BHP system
with 5,000 iterations of generation levels developed with Monte Carlo simulation. Collectively,
those simulations reflect the forced outage rate of each generator. Those hours where the hourly
net load exceeds a simulated generator availability level, are counted as loss ofload hours.

Figure 19. 8760 Hourly Load Profile for BHP
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4.3 ELCC Results

PG calculated the hourly LOLE for the BHP base system for the year 2025. The BHP Base
system’s LOLE is 2.18 hours per year, which is less than the widely accepted 0.1 days/year (1
dayin 10 years) reliability standard. BHP’s base system for 2025 included ownership of419 MW
ofthermal generation® and 159.5 MW of wind and solar resources.

Once a new variable energy portfolio is added to the system, the LOLE improves. The tool was
then used to calculate the additional demand that the system can carry while still maintaining the
2.18 hours/year LOLE level attained by the base system. For example, with the addition of 100
MW wind at North Douglas, the LOLE changes to 0.77 hours/year, which represents an
improvement due to new resource availability. The systemwide demand can be increased by 20.3
MW for every hour while the level of reliability reaches to 2.18 hours/year resulting in an ELCC
value 0f20.3% for the 100 MW wind located at North Douglas.

BHP requested that PG complete ELCC assessments for the solar, wind and solar plus energy
storage portfolios shown in Table 3. In order to illustrate the impact of ncremental capacity at the
same location, PG calculated the ELCC for 50 MW, 100 MW, and 200 MW levels at each ofthe
locations identified for the solar and wind portfolios.

Table 11 summarizes the ELCC value for all incremental portfolios including the solar plus energy
storage portfolios. Energy storage resources in the hybrid portfolios are assumed to exclusively
charge from the solar resource that they are paired with in order to be eligible for the investment
tax credit. Thus, their charging and discharging schedule is optimized around the availability of
solar.

Table 11. ELCC values for the BHP Portfolios

oo Incremental
Portfolio Type Location Demand ELCC (%)
MW)
MW)

1 Wind 50 Cheyenne 15 29%
2 Wind 100 S. Gillette 23 23%
3 Wind 200 N. Douglas 30 15%
4 Solar 50 Cheyenne 6 11%
5 Solar 100 Gillette 9 9%
6 Solar 200 Hot Springs 9 4%
7 Solar + Storage 100 +40 Cheyenne 15 15%
8 Solar + Storage 100 +20 Gillette 14 14%
9 Solar + Storage 100 + 60 Hot Springs 18 18%

S MDU’s and COG’s ownership of Wygen Il is excluded from BHP’s thermal generation total
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Pairing energy storage with solar resources resulted in an increase in the accreditable capacity
for the solar plus BESS portfolios. Adding 20 MW, 40 MW, and 60 MW of energy storage
increased the capacity value ofthe solar portfolios by 5 MW, 6 MW, and 9 MW, respectively. The
energy storage charges from the solar resource during day-light hours reducing the availability of
solar output during those hours but because oflow and no solar irradiance periods the overall
availability of the solar plus BESS resource is extended increasing the accreditable capacity of
the resource

Figure 20 illustrates the calculated ELCC values for solar and wind resources. As the capacity of
the resources increase, the accreditable capacity is reduced. The solar resources located at
Gillette, Cheyenne, and Hot Springs have lower ELCC values than the wind resources at South
Gillette, Cheyenne, and North Douglas. ELCC values for solar resources ranges from 4% to 13%
while ELCC values for wind resources ranges from 15% to 30%. Future solar resources on
average have a 26% capacity factor, which is much lower than the capacity factor for wind
resources at43%. This is the major reason for lower solar ELCC values. Low solar irradiance
during the late afternoon periods also played a role in lower ELCC values for solar portfolios.
Cheyenne Wind and Gillette Solar resulted in slightly higher ELCC values in their respective
resource categories.

Figure 20. ELCC for Wind and Solar Portfolios
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PG also calculated the ELCC value of stand-alone battery storage at four capacity levels, 20 MW,
40 MW, 60 MW and 100 MW. We determined the battery charge level in every hour to calculate
the amount of capacity that a stand-alone battery storage facility can provide. This capacity
ranges between 0 MW and the maximum capacity of the storage facility. Table 12 lists the
estimated ELCC values. As the size ofthe capacity increases from 20 MW to 60 MW, the

F. Variable Energy Resource Integration Report

effective capacity contribution is expected to decrease from 80% to 54%.

Table 12. ELCC of Battery Storage

HITACHI

. Incremental 0
Type Capacity (MW) Demand (MW) ELCC (%)
Storage 20 16 80%
Storage 40 27 67%
Storage 60 33 54%
Storage 100 49 49%

2021 Integrated Resource Plan
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5 Conclusion

In this study, PG examined Variable Energy Resource availability on the BHP system,
considering both existing and planned new resources. PG estimated incremental amounts of
Regulation Up and Regulation Down capacity that would be needed to reliably balance the BHP
system considering twelve different potential portfolios ofrenewable energy and/or battery
storage additions. PG also estimated likely changes in BHP operating costs for each ofthe
resource portfolios, based on production cost modeling and changes in BHP system costs due to
incremental regulation requirements. PG further estimated the potential need for BHP to procure
additional flexible capacity resources for a subset of the resource portfolios, in cases where
BHP’s current generation portfolio is unable to meet flexible capacity needs driven by large ramps
in VER generation output. Finally, PG estimated Effective Load Carrying Capability for wind and
solar resource additions varying between 50 and 200 MW, at four different site locations including
Cheyenne, WY, Douglas, WY, Gillette, WY and Hot Springs, SD. Table 13 below summarizes
quantitative results from each ofthose sets of analyses.

Table 13. VER Integration Summary Results
98% CPS2: | 98% CPS2: |Regulation |[Regulation .
i . Flexible
. Size . Incremental| Incremental | Generation | WAPA o
Portfolio| Type Location . . . Resource [ELCC (%)
MW) Regulation | Regulation Cost Tariff Need (MW)
Up MW) | Down (MW) | ($/MWh) | ($/kW/Mo)
Existing System 55 55 239

1 Wind 50 Cheyenne 24 0 $10.17 $0.303 0 29%

2 Wind 100 S. Gillette 26 22 $6.56 $0.303 0 23%

3 Wind 200 N. Douglas 50 40 $11.12 $0.303 86 15%

4 Solar 50 Cheyenne 7 1 $5.38 $0.205 0 11%

5 Solar 100 Gillette 10 1 $4.63 $0.205 16 9%

6 Solar 200 Hot Springs 11 1 $1.57 $0.205 118 4%
Solar +

7 100 + 40| Cheyenne 0 1 $0.02 $0.205 0 15%
Storage

8 Solar+ 150+ 20| Gillette 0 1 $0.03 $0.205 0 14%
Storage
+

9 Solar+ 106 4 60 Hot Springs 0 1 $0.02 $0.205 0 18%
Storage

10 Storage 20 Cheyenne 0 1 N/A N/A 80%

11 Storage 40 Gillette 0 1 N/A N/A 67%

12 Storage 60 Hot Springs 0 1 N/A N/A 54%

2021 Integrated Resource Plan

As shown in Table 13, Regulation Up requirements for wind resources vary from 24 to 50 MW
depending on the size and location ofa wind resource. Regulation Down requirements for wind
resource vary from zero to 40 MW, and regulation costs vary from $6.56/MWh to $11.12/MWh
when provided by BHP generation. Regulation Up and Regulation Down requirements for solar
resource additions are much lower, ranging from 7 to 11 MW for Regulation Up, and 1 MW for

Variable Energy Resource Integration Study
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Regulation Down. For solar resources, regulation costs vary from $1.57/MWh to $5.38/MWh
when provided by BHP generation. Pairing battery storage technology with solar resources
lowers the regulation cost and requirements significantly, as the battery facility is able to cover
incremental Regulation Up requirements, and Regulation Down requirements remain at 1 MW.

Regulation costs are lower when procured through WAP A’s OATT, in which case regulation costs
are $0.303/kW/Month for wind resources and $0.205/kW/Month for solar resources. Ata 40%
annual average wind capacity factor, the WAPA regulation cost is equivalent to $1.04/MWh for
wind resources, and ata 25% annualaverage capacity factor for solar, it would be equivalent to
$1.12/MWh for solar resources.

Three ofthe Resource Portfolios outlined in Table 13 have flexible capacity requirements, with
estimated capacity needs of 86 MW for Resource Portfolio 3, 16 MW for Resource Portfolio 5,
and 118 MW for Resource Portfolio 6. Costs associated with procuring that additional flexible
capacity will be reflected in BHP’s IRP, based on a Busbar cost study that is currently being
completed by Black & Veatch.

ELCC values for the renewable technologies in each Resource Portfolio vary from 29 percent
down to 4 percent, with ELCC declining as the size ofa project addition increases. ELCC values
for wind resources are considerably higher than for solar resources, due primarily to a higher
capacity factor. For battery resources, ELCC values are estimated at 80 percent for a 20 MW
installation, declining to 67 percent for a 40 MW installation, 54% for a 60 MW installation, and
49% for a 100 MW installation.
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