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Today’s Agenda

Review Study Objectives
+* Study Scope
+* VER Scenarios
+* Methodology

VER Production Profiles
*» NREL Datasets

L)

>

* Profile Validation

L)

4

L)

* Review of Summer & Winter Profiles

L)

Operation Reserves
+¢* Reserve Calculation Methodology
+* EIM Implications on Reserves
+** Reserve Calculation Results
+* Phase 1 Deliverables
+* Next Steps

Q&A throughout
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Study Background & Timeline

* In February 2022, Avista released a RFI for the 2022 VER *
Integration Study

+* The RFl outlined study scope as the development and
implementation of a framework to quantify the incremental
integration cost of a range of potential VER penetration levels used
to service Avista Load

+* Energy Strategies was selected by Avista to perform the VER
Integration Study, and opted to use Avista’s in-house production

The VER Integration Study is one of many steps required
by Avista to ensure that carbon-neutrality goals can be
accomplished in a reliable and cost-effective manner

+»+ Avista’s last VER Integration Study was completed in 2007

K/

** Many assumptions have changed since the 2007 VER Integration
Study, including resource capital costs, Avista’s resource mix, and
recently, Avista’s participation in the Western EIM

cost modeling platform (ADSS) * Today’s materials focus on the efforts completed in
Phase 1
June 2022 July 15t August 8t Q12023 Q2 2023

VER
Scenario
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Phase 1 (complete)

Phase 2
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VER Scenarios

* Energy Strategies developed data
inputs for 12 VER scenarios modeled
in the Avista Decision Support System
(ADSS) production cost model

*» Approach includes incremental VER

production and operating reserve
requirements on top of a 2021 case

Incremental VERs

100% Wind 50/50 Wind/Solar 100% Solar

VER Scenarnios

Baseline No additional VER or VER equivalent energy

+400 MW VER 400 MW wind 200 MW wind & solar 400 MW solar
+800 MW VER 800 MW wind 400 MW wind & solar 800 MW solar
+1500 MW VER 1500 MW wind 750 MW wind & solar 1500 MW solar
+2500 MW VER 2500 MW wind 1250 MW wind & solar 2500 MW solar
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§

100% Wind 50/50 Wind/Solar 100% Solar

VER Scenarios

VER Scenarios

* Energy Strategies developed data

inputs for 12 VER scenarios in the Baseline No additional VER or VER equivalent energy

Avista Decision Support System (ADSS) +400 MW VER 400 MW wind 200 MW wind & solar 400 MW solar

production cost model +800 MW VER 800 MW wind 400 MW wind & solar 800 MW solar
+* Approach includes incremental VER +1500 MW VER 1500 MW wind 750 MW wind & solar 1500 MW solar

production and operating reserve

requirements on top of a2 2021 case +2500 MW VER 2500 MW wind 1250 MW wind & solar 2500 MW solar
e Operating reserves are latent
dispatchable capacity that can be 100 |
called upon to maintain reliability
. 1200 A
during sudden, unexpected changes of Variabity/
. Uncertaint
system load or generation 10001 y
¢ Integration cost is primarily driven by the 001 Increased
need to hold higher levels of operating oo E
reserves caused by the variability and Integration
uncertainty of VER production 400 1 Cost
+* Held as a constraint in the ADSS model B | =g
ww VER Scenari io Net Load (MW)
0

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
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VER Integration Study Methodology

Calculate
Create VER i Run VER
: Operating .
Production Scenarios in
) Reserve
Profiles

Requirements ADSS
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Determine
Integration
Cost & Other
Study Metrics
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VER Scenario Production & Forecast Profiles
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VER Locations

* Avista identified feasible VER buildouts g e
for each study scenario s | T
% Study locations identified by Avista engineers | )”f*}: ,/J ?i"“ ORI ¢ Wl

;-;-‘v.}.’«;) W

as likely development locations based on past
development proposals

Billings
Lake Roosevelt Fay, #
National omstane &
Recreation Area

28,

Spokane Utility Scaﬁ,wuﬁg!-& South) Coeur D'Alene
e o | Wenatchee | —
Lo Wenarches *
Uaini&lﬁs Em_,l Latah, WA
R Grant County, WA F C;eur d'Alene
Site Location Resource +400 MW +800 MW +1500 MW +2500 MW PPEg 58 Palouse
Type I8 "l-\ Moses Lake 52 .
Wind 50/50 Solar | Wind 50/50 Solar | Wind 50/50 Solar | Wind 50/50 Solar i v @ @
i
North Colstrip, MT Wind 100 100 200 200 200 200 400 200 : & Rattiesnake I
Judith Gap, MT Wind 200 100 200 200 300 200 400 300 Coos Bay} 0. oM @)
South Othello, WA Wind 100 100 100 100 150 100 ) = i
[ u 'uliman
Rattlesnake Il Wind 200 200 200 200 200
Palouse Il Wind 50 75 50 75 75 Yo 3 v
Northern Oregon Wind 50 200 200 = Lotmsgm, 10 Achnalon o0
(12 4
Latah, WA Wind 125 125 125 istaa] Srate am v
Park Trall
Oregon Offshore Wind 200 550 250 é’ — L L
South Central WA Wind 100 200 . cg'g_ o 52 Kennewick
Rattlesnake Il Wind 200 = South Central WA Sk }
- Oregaon Offshore; 4680t
Lewiston, ID /Clarkston, WA Solar 200 300 200 300 300 300 300 300 L . Pl ¢
Othello/Lind, WA Solar 100 200 400 200 400 400 m s umate v RS 7! Resource Type
y A ,‘Gj ational L Y 4 v 1
Spokane/CDA DG Solar 100 150 300 350 500 (i3 - ‘ 5 nitlele g ; \ _
Grant County, WA Solar 200 200 200 e P - / ] . Wing
— Morthern Oreg nati
Spokane/Colville Tribal Lands, Solar 100 100 100 200 | e orthern Oregon Retgruvtagaon .
WA ] \ Solar
Rattlesnake Wind Solar 200 300 200 y \
Spokane Utility Scale (West & Solbr - 2 . Solar DG
South) (
East Montana (near Colstrip line Solar 400 ; s
( P line) . Wind Offsh
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VER Profiles

e Utilized NREL WIND and NSRDB datasets to
compile site-specific proxy production &

o . ‘15: 3 T2, f \\ .. \!
forecast profiles for each VER site NI Sl ld §
¢+ Data compiled for a timeframe of 2007 — 2013; BB 3¢ ' X, 9
providing 7 years of data from which to derive reserves ot )
. . . . R " Bl
¢ All site production was validated to be within 5%
capacity factor of Avista-provided contractor estimates
* Generic design assumptions were made for VER o {
P -.l-‘".- Grant County, WA
resources: B ®
7 Moses Lake =
+* Wind: 100m hub height, standard turbines
d ——__Ra‘llleenakelll
% PV: 1.4 inverter loading ratio ekl L T G e
» Utility-Scale PV: Single-axis Tracking (DG Fixed) ;‘;-__———‘:;;:——., - r adl
10 Summer Day " | _——"——/ cautbie &3
0 South Othello, WA--100--Wind_Production T 3 Craa \
-‘g oA 4 Rattlesnake l--200--Wind_Production Yakama Nticn Kenmewick !
E 0.6 SuﬂhC;rh-ulWA
s U b e 1R
00 p ( . LN
00:00 00:00 R
31-Jul 01-Aug 02-Aug b {.
2013 : ﬁ

Datetime {P5T)

Great Falls
o

fg aate

Montana

;
Natarat Serese Judith Gap, MT

Billings

4
owstone

#

Russell Nat'l
‘Wildlife Ref

East Montana (near Colstrip line)

Spokane Utiity Seai wg South) Océ,e}.r‘ '

Latah, W:’A

Y
1y
| Coeur d'Alene d
/| Reservation |
Palouse ! X
i
i

i
Puliman

b i
L
\

Lewiston, ID JEClarknmi?g'WA
L {ewistan

,Q \\‘ b

1

T s V\.
e )
@1 . Wind

@ Solar
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Solar +400 MW
Jul 24 2012

Solar +400 MW 7

Dec 24 2012

VER Profile & Forecasts

* Forecasts for wind resources utilized the
NREL WIND dataset

722
I537%
3888
SEEE
aRad

% Wind forecasts were validated to ensure that
hour-ahead forecast errors were consistent

50/50 +400 MW
Jul 24 2012

with available industry forecast methods
available to Avista

* Forecast for PV resources utilized the =
NREL SIND dataset =

+» PV forecasts represented a 2006 weather year,

and were adjusted to represent forecast errors
consistent with available industry forecast i n

Wind +400 MW
Dec 24 2012

ju|242012
methods available to Avista

* Site-specific production/forecasts were
summed together to represent total VER

production/forecast for each VER
scenario

g B o 2 B B § ¥ B B
=)
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Wind Forecast Error: 27% - 31%
PV Forecast Error: 6% - 8%
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Operating Reserves

* Operating reserves are latent

dispatchable capacity that can be called

upon to maintain reliability during
sudden, unexpected changes of system
load or generation

* Avista currently holds three unique
operating reserves types

¢ Regulation Reserves are procured to handle
rapid, unexpected variations in net load

¢ Load-Following Reserves are procured to
handle hour-to-hour variations in net load

¢ Forecast Error Reserves are procured to
handle net load uncertainty in the hour-
ahead timeframe

* Reserves are required in both the up
and down direction

¢ An “up reserve” is defined as a reserve held
to deploy a sudden increase in generation

+ All reserve types are mutually exclusive and
held independently

1000

Reserves for a Sample 3-Day Period

500 4=

mm RegUp
750 1 mmm RegDn

s LF Up
g LFDn

FestEmr Up
FcstErmr Dn

250

MW
(=]

=250
=500 A

=750 -

-1000

00:00

12:00 oo;'oo 12:00 00-00 12:00 00:00

VER
Variability/
Uncertainty

Increased
Operating
RENERES

Integration
Cost
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Reserve Calculations

Regulation Reserves

i : *Procured to handle rapid, unexpected variations in load or generation
* Reserve levels are determined by [ *Regulation Error = 1-min Net Load — 10-minute Net Load Rolling Average
taking a statistical confidence L
interval of “errors” that represent
unanticipated variability or
uncertainty contributed to the
system by VERs

% Reserve calculations identify the MW Load-Following Reserves

level of reserves required to 95-99%
of variability and uncertainty of VER
integration for each scenario.

e Procured to handle hour-to-hour variations in net load
¢ Load-Following Error = 1-min Net Load — Hourly Average Net Load

e Calculated as 20 confidence interval of Load-Following Error

» Each reserve calculation results in an * Calculation bins load-following reserves held in operating hour by VER forecast
MW value that represents the latent e Discounted by 25% to represent EIM Diversity Benefit

L)

spinning reserve capacity, which
should be held by other dispatchable
generators in the Avista system, as
defined by constraints in the ADSS
production cost model.

Forecast Error Reserves

e Used to handle net load uncertainty in the hour-ahead timeframe
® Forecast Error = Net Load — Net Load Hour-Ahead Forecast

* Energy Strategies’ calculated
reserve confidence intervals via
statistical analysis based on 7
historical weather years

e Calculated as 20 confidence interval of forecast errors
e Calculation bins forecast reserves held in operating hour based on VER forecast

e Discounted by 25% to represent EIM Diversity Benefit

Net Load = Avista Gross Load — VER Production ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT
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EIM Implications on Reserves

* The Western EIM facilitates procurement of flexible ramping
capacity to address variability that may occur in real-time dispatch

¢ The application of flexible ramping capacity serves to reduce the level of Load
Following and Forecast Error reserves held within the Avista BAA footprint

% In 2021., Western EIM flexible ramping procurement diversity savings averaged to 2021 Flexible Ramping Procurement Diversity
approximately 50% Savings
* However flexible ramping capacity likely would not representa 1:1 7%
° . . 60%
reduction in load-following and forecast error reserves due to: O T W TR T .
¢ Flexible capacity may be constrained by EIM import/export limitations and, thus, ‘3‘3;
may not be as dependable as physical capacity, resulting in Avista still carrying 20;0’
some additional level of reserves 10%
¢ Flexible ramping capacity changes hour-to-hour, depending on system conditions, 9% N o
so more reserves may be required in some hours, indicating it may be appropriate Q&‘* &’Q’é @é& & & & v\’@% é@@ (,)_6")@ é@@ é&@
to assume some reduction in the average flexible ramping diversity benefit ¥ & 0 &
% An EIM participant can be excluded from the flexible ramping diversity benefit if mUp mDown

they fail the flexible ramping test, which would also serve to reduce the flexible
ramping procurement savings

* For the VER Integration Study, we conservatively approximate EIM
Flexible Ramping Capacity to reduce the Load-Following and
Forecast Error reserves held within the Avista footprint by 25%

ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT
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Average Reserve Levels: VER Scenarios

* The graph shows how reserve levels

relative to the Avista Reference, VER Profile Operating Reserves
Around-the-Clock Average
and how reserve levels change |
. Baseline +0MWW - 1 T e T B [n_Req
between VER scenarios S— [— = Up_Reg
BN Dn LF
+* Up- and down reserve levels are similar, Wind +800 MW 1  mm— - L
in aggregate S8 On Festfrr
ggreg Wind +1500 MW D Up_FestErr
+»* Solar seems to be driving more reserve Wind +2500 MW - .
increases per MW of installed capacity, 50/50 +400 MW - ) —
primarily due to load following 50/50 +800 MW - S e
+* Wind Forecast error is larger than PV 50/50 +1500 MW +— i S Eemm——
forecast error, and drives more of the 50/50 +2500 MW - | —
reserves in the wind-only scenarios Solar +400 MW 1 L ———
Solar +800 MW e
Solar +1500 MW e =
Solar +2500 MW - e e M
~500 ~400 ~200 0 200 400 600

MW

Net Load = Avista Gross Load — VER Production ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT
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Reserve Results

e After all reserves were
calculated, we re-
applied them to the
historical timeseries for
implementation into
the ADSS simulation

e Deliverable formatted
as a Microsoft Excel
workbook with 8760s
for each historical
weather-year

+* Phase 1 materials have
been sent to Avista

Net Load = Avista Gross Load — VER Production

MW

MW

MW

MW

Wind +400 MW/

VER Profiles Summer

Solar +400 MW

50/50 +400 MW

—————————————

[ Regllp [ LFUp FestEmr Up
600 o RegDn LF Dn FestErr Dn
0 % = 3
Wind +800 MW Solar +800 MW 50/30 +800 MW
I Reglp o LFUp FestEmr Up
600 o RegDn LF Dn FestErr Dn 1
——mmee— e | e,
O ———— — —_————
| "M_Mjpﬂ \ | TS| MR e |
Wind +1500 MW Solar +1500 MW 50/50 41500 MW
I Reglp o LFUp FestEmr Up
600 = RegDn LF Dn FestEm Dn

B — S— T
T T e
Wind +2500 MW Solar +2500 MW 50/50 42500 MW
I Reglp o LFUp FestEmr Up
600 o RegDn LF Dn FestEm Dn

00:00 12:00 12:00 00:00 12:00 00:00  00:00 12:00 00:00 12:00 0000 12:00 00:00  00:00 12:00 12:00 00:00 12:00 00:00
30-Jul 31-Jul 01-Aug 02-Aug  30-Jul 31-ul 01-Aug 02-Aug  30-Jul 31-jul 01-Aug 02-Aug
2013 2013 2013

Datetime (PST) Datetime (PST) Datetime (P5T)
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Reserve Results

e After all reserves were
calculated, we re-
applied them to the
historical timeseries for
implementation into
the ADSS simulation

e Deliverable formatted
as a Microsoft Excel
workbook with 8760s
for each historical
weather-year

+* Phase 1 materials have
been sent to Avista

Net Load = Avista Gross Load — VER Production

MW

MW

MW

Wind +400 MW/

VER Profiles Winter

Solar +400 MW

50/50 +400 MW

[ Regllp [ LFUp FestEmr Up
600 o RegDn LF Dn FestErr Dn
w —
| —_— _  ——
P

W W

Wind +800 MW Solar +800 MW 50/30 +800 MW
I Reglp o LFUp FestEmr Up
600 o RegDn LF Dn FestErr Dn 1
e m% %ﬂ
Wind +1500 MW Solar +1500 MW 50/30 41500 MW
I Reglp o LFUp FestEmr Up
600 = RegDn LF Dn FestEm Dn 1
k. g
[ T Y |\ |
Wind +2500 MW Solar 42500 MW 50/30 42500 MW
I Reglp o LFUp FestEmr Up
600 o RegDn LF Dn FestEm Dn 1
— ———— a:

R S R

00:00 12:00 0000 12:00 0000 1200 00:00  00:00 12:00 0000 12:00 00.00 12:00 00:00  00:00 12:00 0000 1200 00:00 12:00 00:00
30-Jan 31-Jan 01-Feb 02-Feb  30-Jan 31-Jan 01-Feb 02-Feb  30-Jan 31-Jan 01-Feb 02-Feb
2013 013 013

Datetime (PST} Datetime (PST) Datetime (PST)
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Next Steps

e Avista to run VER Scenarios in ADSS

+* Production cost model outputs provide the necessary data to calculate integration cost
* Determine Incremental Integration Cost for each VER Scenario
* Begin Phase 2 Deliverables

+* Written Report & PowerPoint Presentation containing full analysis and results

+* Spreadsheet tool allowing Avista to determine/approximate data inputs for other mixes of VERs

June 2022 July 15t August 8™ Q12023 Q2 2023

Today

VER VER

ADSS

Project Scenario Scenario Simulations R(—? tLc]:u(rj'ty&
Kickoff Production Operating . DeIi\?era bles
Profiles Reserves (Avista)

< Phase 1 (complete) >< Phase 2 >
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Task 2 Overview

VER Site
Locations

NREL Profile
Compilation

(Avista) (2007 — 2013)

eFeasible VER buildouts for
each VER scenario identified
by Avista Engineers

eUnique production &

each unique VER
location/capacity
combination

forecast profile generated for

Production

Data Data Validation
Downsampling

eReduced VER production
time resolution to 1-min

eSub-hourly noise introduced :
based on statistical Avista
characterization of VER

eForecast error validated
profiles

relative to 2021

ENERGY STRATEGIES © 2022 | CONFIDENTIAL TO CLIENT

eCompare Capacity Factors of
ADSS-compatible production
profiles to values provided by

VER Scenario
Production &
Forecast
Profiles

eProduction & Forecasts
aggregated for all sites
included in each VER
Scenario
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Study Data Requirements

e Study simulations assume a 2021 model year

+* Avista load and existing VER production actuals will be
modeled in the 2021 timeframe

¢ For each VER scenario, Energy Strategies will derive
VER production and operating reserve requirements
using 7 years of historical proxy VER production &
forecast data (compared against 2021 actual load &
VER production)

 Avista identified VER buildouts that could
reasonably achieve VER penetrations ranging
from 400 - 2,500 MW

+* Using our in-house growing radius methodology,
we’ve compiled proxy production data for each of
these sites

Avista Load Actuals

Avista Hour-Ahead
Load Forecasts

Avista Existing VER
Production

Avista Existing VER
Hour-Ahead Forecasts

Avista Existing VER
Design Characteristics

VER Scenario
Resource Location
Preferences
VER Scenario
Resource Design
Characteristics

VER Scenario
Resource Production

VER Scenario
Resource Hour-Ahead
Forecasts

ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT

2021

2021

2021

2021

VER Scenarios

2007 — 2013

2007 — 2013

1-minute

Hourly

1-minute

Hourly

Lat/Long

Differs; aggregated to
1-minute

Hourly

Avista

Avista

Avista

Avista

Avista

Avista

Energy Strategies

Energy Strategies
(NREL WIND/NSRDB)

Energy Strategies;
Derived
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Task 2 Data Summary & Progress Table

* All VER Scenario data has been pulled and compiled onto Energy Strategies servers via Python APIs
+* We are currently in the process of post-processing and validating data; the table below summarizes progress and
outstanding tasks

* For validation, Energy Strategies will use provided capacity factors, and forecast errors consistent
with T-90 forecast error levels for 2021.

** We plan to ensure all compiled data are within a 5% error of these values.

Resource Type Production Data Compiled for Production Capacity Additional down
all VER Site/Capacity Combos? | Factor Validated sampling of
within 5% of target? production data
necessary?

Wind Production NREL WIND Yes; at 5-min time resolution Yes Yes; to 1-min
WTK

Wind Forecast NREL WIND Yes; at hourly time resolution No No
WTK

Solar Production =~ NREL NSRDB & Yes; at 30 min time resolution Yes Yes; to 1-min
SAM

Solar Forecast Derived No No No

ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT
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VER Site Locations

Site Location i i +400 MW +800 MW +1500 MW +2500 MW
| Wind 50/50 Solar | Wind 50/50 Solar | Wind 50/50 Solar | Wind 50/50 Solar
North Colstrip, MT 459  -1066  Wind | 100 100 | 200 200 | 200 200 | 200 200
Judith Gap, MT 467 -1097  Wind | 200 100 | 200 200 | 300 200 | 200 300
South Othello, WA 467 1192  Wind | 100 | 100 | 100 100 | 150 100
Rattlesnake I 469  -1184  Wind | | 200 | 200 200 | 200 200
Palouse Il 472 1173 Wind | | so | 75 50 | 75 75
Northern Oregon 45.6 -120.6 Wind | | 50 | 200 | 200
Latah, WA 473 1174 Wind | | | 125 | 125 125
Oregon Offshore 42.5 -124.5 Wind | | | 200 | 550 250
South Central WA 460 1204  Wind | | | 100 | 200
Rattlesnake Ii 469  -1184  Wind | | | | 200
Lewiston, ID /Clarkston, WA 464  -117.0  Solar | 200 300 | 200 300 | 300 300 | 300 300
Othello/Lind, WA 467 -1192  Solar | 100 | 200 400 | 200 400 | 400
Spokane/CDA DG 477 1174 Solar | | 100 | 150 300 | 350 500
Grant County, WA 472 1195  Solar | | | 200 | 200 200
SpOka”e/COI‘(/i\'/'f\T”ba' lands,  4g2 1189  Solar | | | 100 100 | 100 200
Rattlesnake Wind 469  -1184  Solar | | | 200 | 300 200
Spokane Utility Scale (West & 476 1175 Solar | | | | 300
South)
East Montana (near Colstrip line) 45.9 -106.6 Solar | | | | 400

ENERGY STRATEGIES © 2022 | CONFIDENTIAL TO CLIENT
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NREL Profile Compilation

* Energy Strategies used NREL WIND and
SAM/NSRDB to compile a proxy production
& forecast profile for each VER site &
capacity combination

+* Data compiled for a timeframe of 2007 — 2013;
providing 7 years of data from which to derive 1y developable wing SRSk in-2km2
reserves o . SPOsNEEarea.

S

Rathdrum

Each WTK site represents

,' ite Location \\
* Wind sites: I A
o “ . . . . ! I In-house algorithm includes WTK
+* Used “growing radius” algorithm for geospatial TN s Sites until site capacity (or max ,
accuracy SSQETT radius) is reached
+* Production data at 5-min intervals .

*

L)

* Matching forecast data at hourly intervals

L)

e Solar sites:

+»* PV profile developed based on historical
insolation (NSRDB), and plant design
characteristics (SAM)

+* Production data at 30-min intervals

+* No matching forecast data provided
ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT



26 | Avista 2022 VER Integration Study

Production Data Downsampling

» 7 years of location-specific production profiles
generated from NREL datasets

* Detailed statistical process takes native NREL o]
profiles from their respective time resolutions °*
to a 1-minute time resolution

¢ Calculated from 2021 Avista Actuals (Lind for PV, and  °%1
Palouse for Wind) e:

¢ Characterize the minutely deviations from the linearly oo/
interpolated values as a normal distribution 0005 -

< Implemented common-sense rules to ensure validity of
profiles
» No variations before sunrise or after sunset for PV
» Do not introduce noise when P, =P,,,<=0

» Noise cannot cause production to go below 0 or above
the AC max

(=] (=] = = =] =
L L s L L L

* However, we were not satisfied with the

“genuineness” of these profiles
(see green profile in figure)

Jul 13 2021
Minutely Actual vs 30-min Linear Interpolation

=== | ind Actuals 5-min Interpalation
= Downsampled Timeseries (Random Values)
— Downsampled Timeseries {autocorr=0.921})

—— 2021 Palouse Actuals (1-min)

00

08:30

Deviations from 30-minute Linear Interpolation

08:45

. - —— Deviations

o0

0&:15

08:30

Histogram of Deviations

0&:45

0.000

0002
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Enhancements to Production Data Downsampling

* Issue #1: Downsampled profiles presented in o isam ~
. . Minutely Actual vs 30-min Linear Interpolation
last check-in used random values from a single

around-the-clock distribution of “deviations” W }Q\
AR AVAYAF w "

=

Q0+

095

+* Solution: Calculation updated to consider the o:as-A I\,\ /\
characteristics of deviations for each unique month- 080 ~

hour to capture seasonal & time-of-day differences in  oss; T e s ()
variability o e (oo
e |Issue #2: Random values were not o T oevitons fom S0mime U mepolaton
autocorrelated and thus did not have the “look ... | - - -_
and feel” of 1-min VER actuals = — — —
% Solution: Introduced a non-zero autocorrelation value _ Histogram of Deviations

for each month-hour which “smoothed” the curves

e |ssue #3: Since calculation followed 12x24
format, inter-hour seams could result in
unreallstlc va rlatlons 0000 0002 0.004 0.006 0.008 0010

¢ Solution: Implemented an algorithm to smooth values
within +/- 4 minutes of the top of each hour

(=] (=] = = =] =
L L s L L

ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT
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Wind Capacity Factor Validation

e 1-minute production profiles
assessed for average capacity
factor over 7-year historical period

+* Downsampling methods did not
significantly alter production capacity
factor

* All modeled capacity factors are
within 5% of capacity factor values
provided by Avista

¢ Offshore wind capacity factor 4% lower (Northern Oregon, 50, Wind)

capacity factor than expected

* Montana wind profiles show
highest onshore capacity factor

[Oregon Offshore, 200, Wind Offshore)
[Oregon Offshore, 250, Wind Offshore)
(Oregon Offshore, 550, Wind Offshore)
(North Calstrip, MT, 100, Wind)

(North Caolstrip, MT, 200, Wind)

(North Colstrip, MT, 100, Wind)

(Morth Colstrip, MT, 400, Wind)

{Judith Gap, MT, 400, Wind)

{ludith Gap, MT, 300, Wind)

{Judith Gap, MT, 200, Wind)

{Judith Gap, MT, 100, Wind)

[South Othello, WA, 100, Wind)
BN Capacity_Factor
mm Modeled CF

[South Othello, WA, 150, Wind)
(Rattlesnake II, 200, Wind}

{Morthern Oregon, 200, Wind)
(Rattlesnake Wind - Existing, 147, Wind)
[Latah, Wa, 125, Wind)

(Rattlesnake II, 200, Wind)

[South Central Wa, 200, Wind)

(South Central Wa, 100, Wind)

(Palouse I, 50, Wind)

(Palouse I, 50, Wind)

(Palouse I, 75, Wind)

(Palouse Wind - Existing, 104, Wind)

% 0% 205 3% 0% 50%  —5.0%-2 5% 00% 25% 50%
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Wind Forecast Error Benchmarking

* Forecast errors were summarized
by taking the mean average
percent error of hourly forecasts

«* For 2021, Avista’s T-90 forecast error
for wind power plants ranged from 28%
-36%
* NREL provides “industry-standard”
hour-ahead production forecasts as
part of WIND Toolkit dataset

+¢ This data is automatically coupled with
production data, and was also assessed
with MAPE

+* VER wind forecast errors range in the

Wind VER Forecast Error

South Othello, WA 150MW
South Othello, WA 100MW
South Central WA 200MW
South Central WA 100MW
Rattlesnake Il 200MW
Rattlesnake 1l 200MW
Palouse Il 75MW

Palouse Il 50MW

Oregon Offshore 550MW
Oregon Offshore 250MW
Oregon Offshore 200MW
Northern Oregon 50MW
Northern Oregon 200MW
North Colstrip, MT 400MW
North Colstrip, MT 200MW
North Colstrip, MT 100MW
Latah, WA 125MW

Judith Gap, MT 400MW
Judith Gap, MT 300MW
Judith Gap, MT 200MW
Judith Gap, MT 100MW
Palouse

Rattlesnake Wind

0

X

5% 10% 15% 20% 25% 30%

MAPE (%)
20% - 43% range, with offshore units
showing noticeably lower forecast error 2021 T-90 Forecast Modeled Forecast
than onshore MAPE (Avista) MAPE (NREL)
Palouse 28% 31%
Rattlesnake Flat 36% 27%
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Solar Capacity Factor Validation

(Spokane/CDA Distributed Generation, 350, Solar DG) BN Capacity Factor I
e Madeled CF
° Energy Strategies uses a python {Spokane/CDA Distributed Generation, 500, Solar DG) |
A P I fro m N R E L to d eve I o) p (Spokane/CDA Distributed Generation, 300, Solar DG) |
Iocation-speCific SOIa r PV (Spokane/CDA Distributed Generation, 100, Solar DG) I
. (Spokanef/CDA Distributed Generation, 150, Solar DG) I
p rOfI Ies (Lind Sclar - Existing, 32, Solar) |
* This approach uses insolation e tina, 300,500 |
data from the NREL NSRDB, and :; o :
converts this to production data et . 200, S0 |
glven a Set Of PV array dESlgn (Rattlesnake Wind, 200, Solar) |
C h aracte rist i CS. {Lewiston, 1D /Clarkston, WA, 300, Salar)
. (Lewiston, ID /Clarkston, WA, 200, Solar)
¢ Energy Strategles assu mes: (Spokane Utility Scale (West & South), 300, Solar) I
ozo Single—axis tracking for uti|ity_sca|e (East Montana (near Colstrip line), 400, Solar) |
(non-DG) systems; else fixed (Grant County, WA, 200, Solar) u
< An inverter Ioading ratio of 1.4 for {Spokane/Colville Tribal Lands, WA, 200, Solar) |
uti | ity—sca |e systems; e|se 1.3 (Spokane/Colville Tribal Lands, WA, 100, Solar) | . . | | | I-I
7% 10% 20% 30% 40% 50%  -5.0%-2.5% 0.0% 25% 5.0%

+* Inverter and system losses of ~14%
and 4%, respectively

+ Tilt equal to latitude
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Solar Forecast Error Benchmarking

* Since no forecast data provided with NREL
SAM/NSRDB database, hourly PV forecasts
were benchmarked from NREL’s SIND
dataset

+** Production and 4HA production profiles were
pulled and assessed for forecast error

¢ Forecast errors for VER locations in the study
showed forecast MAPEs in the range of 20% - 29%

» Used Site-specific forecast errors from SIND
database in 8760 format, and applied for all
years of historical production data

+* Per feedback from Avista forecast vendor, forecast
error values were scaled such that the lowest PV
MAPE was ~6%

ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT

Solar VER Forecast Error

Spokane/Colville Tribal Lands, WA 200 MW

Spokane/Colville Tribal Lands, WA 100 MW

Spokane/CDA DG 500 MW
Spokane/CDA DG 350 MW
Spokane/CDA DG 300 MW
Spokane/CDA DG 150 MW

Spokane/CDA DG 100 MW

Rattlesnake Wind 300 MW
Rattlesnake Wind 200 MW
Othello/Lind, WA 400 MW
Othello/Lind, WA 200 MW
Othello/Lind, WA 100 MW

Lind Solar - Existing 32 MW

Lewiston, ID /Clarkston, WA 300 MW

Lewiston, ID /Clarkston, WA 200 MW

Grant County, WA 200 MW

East Montana (near Colstrip line) 400 MW

Spokane Utility Scale (West & South) 300...

o
X

N
X

N
X

Q.
X

8%

10%

12%
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VER Scenario Profiles & Net Load Calculation

 All profiles were validated to ensure no
significant changes in capacity factor or
forecast error.

* Validated profiles for each VER scenario
aggregated (summed) to determine
“incremental” VER production & forecast

¢ Flat-energy profiles were developed by taking the
aMW value of the VER scenario, and are assumed to be
perfectly forecastable

* These incremental values were added onto
time-synchronized 2021 Avista net load for use
in reserve calculations

+* Use of 2021 Avista net load data is repeated for 7 years
of VER profiles

50/50 +800 MW
Jun 16 2012

—— Production {min)

Production & forecast
represents sum of VER

profiles
30;00 03:00 06:00 09:00 12:00 15:00 13:00 21:00 00:00
16-Jun 17-Jun
50/50 +800 MW
MNowv 22 2013
1600 4
1400
1200
1000 4
8O0~
600
400 9
VER Scenario Net Load =
200 ' pyista_NetLoad MW 2021 Avista Net Load — VER Production
WER_Scenario_MNetlLoad MW
30:00 03:00 06:00 09:00 12:00 15:00 13:00 21:00 00:00
22-Nov
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Concern #1: Mid-Day Volatility of Downsampled Wind Profiles

12x24 of Palouse Volatility

. . . Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec
Avista mentioned concern that mid-day o 005 oo 0004 0005 0005 0007 0004 0005 0005 0010 0.005
1 0004 0006 0005 0.005 0006 001l 0006 0006 0005  0.006 0.009
\V/e) | atl | |ty |s unc h aracte rl st | C 2 0006 0006 0005 0.004 0012 0012 0006 0005 0005 0.005 0006  0.005
3 0.006 0.005 0006 0.005 0005 0016 0006 0005 0005 0005 0005  0.005
4 0006 0004 0005 0005 0004 0010 0.007 0005 0005 0006 0.006 0.006
_ 5 0006 0005 0005 0005 0006 0009 0.007 0005 0019 0006 0.006  0.005
WITSI-;:()?DOT;V 6 0006 0006 0006 0.005 0006 0007 0007 0009 0006 0.007 0011  0.005
250 7 0007 0.006 0005 0.005 0006 0008 0009 0006 0005 0007 0006  0.005
o & 0006 0006 0007 0008 0009 0009 0011 0007 0006 0007 0007  0.006
25 — Forecast 9 0007 0007 0008 0011 0012 0009 0011 0007 0008 0007  0.009  0.007
Forecast Error 10 0009 0008 0008 0017 0015 0011 0013 0012 0011 0007 0009  0.007
w0 11 0007 0008 0012 0018 0011 0015 0016 0014 0009 0.009  0.007
s 12 0008 0009 0015 0019 0014 0018 0020 0016 0011 0009  0.007
13 0006 0010 0014 0017 0017 0017 0016 0013 0012  0.007 d h
150 14| 0005 0008 0015 0.014 0020 0016 0013 0009  0.007 Howeve r, ata suggeSts that
15/ 0005 0008 0014 0.012 @-0lE 0017 0012 0005 0.006 d d d s f
125 16/ 0005 0007 0014 0.014 0018 0TI Q008 0.006 ave rage standar eviation o
17 0005 0006 0003 0018 0011 0011 0015 0014 0013 0006 0007 000 . . .
0 QN 00  coelMNGN  oos  coe 0om 0000 ocoosfEEE ocor  ocor minutely Palouse production is
. 13 0004 0005 0008 0008 0005 0007 0006 0005 0006 0004 0008  0.006 . ) )
, 2 0005 0005 0005 ooos| 0008 0005 0005 0005 0005 0007 0007 more volatile during the mid-
© M 21/ 0005 0006 0006 0007 0004  0.005 0005 0005 0007 0006  0.007
22/ 0004 0006 0006 0005 0006 0009 0006 0006 0005 0006 0008  0.007 d p i ” d rin pr| n &
Y 0300 0800 0300 1200 1500 1800 2100 o 23| 0004 0006 0005 0005 0005 0006 0005 0.007 0005 0010 0005 0007 ay' especia y du g S g
Yy summer months
T proucton fminl (which were displayed in last check-in)
100 —— Forecast
Forecast Error
No change was made to wind
profiles in the VER study.
150
100
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
24Jul 25l
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Updated Lind Volatility based on a 1.4 Inverter Loading Ratio

Change in Volatility for PV 1.4 Update

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

We realized that the downsampled volatility

for PV was based on Lind Actuals
(implicitly assumes an ILR of 1.15)

o o o oo
o o o oo

o o o o
o o o oo
o o o oo
o o o oo

o o o o
o o o oo
o o o oo

0 0
0 0 4.25E-05 0.004888 0.004911 0.002878 147E-05 0.000541 0
0 4.81E-05 0.00217 0.006281 0.013816 0.016356 0.005335 0.004706 0.003256 1L.07E-05
0.002163 0.004258 0.007352 0.013605 0.009323 0.007949 0.012287 0.007907 0.012857 0.007073 0.00296 0.000494
0.008037 0.015454 0.011228 0.009749 -0.00156 0.001514 0.007919 0.008248 0.019007 0.019792 0.007541 0.01026
0.01487 0.012103 -0.00026 -0.00693 -0.00493 0.01082 0.001631 0.010821 0.016925 0.012122 0.016484
0.011981 0.011708 0.010357 0.00121 -0.01065 -0.01063 0.001094 -0.00076 0.008653 0.014094 0.013636 0.015122 . .
0.011924 0.00662 -0.00062 -0.00518 -0.01414 -0.0175 0.002192 -0.00258 0.008226 0.013806 0.012488 0.013614 This Change Sllghtly
0.009746 0.016433 0.008942 -0.00583 -0.01066 -0.0096=eR0G103 0.013684  0.0165 0.015581 0.010322 . . .
0.013014 0.021332 0.000461 -0.00145 0.003021 -0.00638 0.011435 6625_0.017337 0.010484 0.013018 increased VOIatlllty durlng
0.013581 0.010089 0.006037 -0.00155 -0.00894 -0.00617 0.004989 0.003798 T 83
0.007401 0.002877 -0.00723 -0.00398 -0.00828 -0.00017 0.011732 0. the shoulder hours

16 0.0018 0.011612 0.014095 -0.00419 0.00435 0.002397 0.010739 0.010009

17 0 0.001467 0.01113 0.012918 0.006434 0.005416 0000238 (S unrise & sun Set) 7 but

0 0
0 0
0 0
0 0
0 0
0 0
0

o o o oo oo

Solar +400 MW
Jul 24 2012

400 —— Production {min)
Praduction (hr}
—— Forecast

Forecast Error

Wt oW B WO

350

=
=]

=
=

300

=
M

250

=
w

=
-

200

G

150

100

18 0 0 0.003254 0.013805 0.014855 0.003274 0.000485 0 0 . .
50 19 0 0 4.38E-05 0.001507 0.003646 0.011618 0.001551 0.000157 0 0 0 decreased VOIatlllty durlng
20 0 0 0 0 0.000715 0.001051 0.001019 2.58E-05 0 0 0 0 .
°] — - - — — — — 21 0 0 0 0 0 0 0 0 0 0 0 0 summer mld‘day when PV
00:00 H R A : f 00:00
oo o 2 0 0 0 0 0 0 0 0 0 0 0 0 . .
Solar 4800 MW 2 0 0 0 0 0 0 0 0 0 0 0 0 ) CIIppEd at full AC output.

Jul 24 2012

800 —— Production (min)

| i Production (hr}
700 v, . n —— Forecast
Forecast Error

600
500
400
300
200

100

00:00 03:00 06:00 09:00 12:00 15:00 1800 21:00 00:00
24-Jul 25-Jul
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et Load Profiles (Sample Summer Day)

Wind +400 MW
Jul 24 2012

—— Avista_MNetlLoad MW
1750 VER_Scenario_NetLoad_MW
VER Production

750

500

250
0
0000 03:00 06:00 09:00 1200 15:00 18:00 21:00 00:00
24-Jul 25-Jul

index

Wind +800 MW
Jul 24 2012

—— Avista_NetLoad MW
1750 VER_Scenario_NetLoad MW

VER Production

1000

750

500

250

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
24-Jul Bu
index

Solar +400 MW
Jul 24 2012

50/50 +400 MW
Jul 24 2012

—— Awista_NetLoad MW
1750 VER_Scenario_NetLoad MW
VER Praduction

—— Avista_Netload MW
VER_Scenario_MetLoad MW
VER Production

1750

1500

1250 1250
1000 1000
750 750
500 500
250 250
0 0
00:00 03:.00 06:00 09:00 1z:.00 15:.00 18:00 21:.00 00:00 00:00 03:00 06:00 09:00 12.00 15.00 18.00 21.00 00:00
24-Jul 25-Jul 24-Jul 25-Jul

index

Solar +800 MW
Jul 24 2012

index

50/50 +800 MW
Jul 24 2012

—— fwista_Netload MW
1750 VER Scenario NetLoad MW
VER Production

750

—— Jwista NetLoad MW
1750 VER_Scenario_NetLoad MW

VER Production

1500

1000

750

500 500

250 250
o 0
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 00:00 0300 06:00 08:00 12:00 15:00 18:00 21:00 00.00
24-Jul 25-Jul 24-Jul 25-Jul

index
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et Load Profiles (Sample Summer Day)

Wind +1500 MW
Jul 24 2012

Solar +1500 MW
Jul 24 2012

—— Avista_MNetlLoad MW
1750 VER_Scenario_MetLoad MW
VER Production

1750

—— Awista_NetLoad MW

VER_Scenario_NetlLoad MW
VER Production

1000 1000
750 750
500 500
250 250
0 0
00:00 03.00 06:00 03:.00 12:.00 15:00 15:.00 21:.00 00:00 00:00 03:.00 06:00 09:00 1z:.00 15:.00 18:00 21:.00 00:00
24-Jul 25-Jul 24-Jul 25-Jul
index index
Wind +2500 MW Solar +2500 Mw
Jul 24 2012 Jul 24 2012
—— Avista_MNetlLoad MW —— Awista_NetLoad MW
1750 VER_Scenario_MetLoad MW VER_Scenario_NetlLoad MW

VER Production

1500

1750

VER Production

1000

750 750

500 500

250 250

0 0
00:00 03.00 06:00 03:.00 12:.00 15:00 15:.00 21:.00 00:00 00:00 03:.00 06:00 09:00 1z:.00 15:.00 18:00 21:.00 00:00
24-Jul 25-Jul 24-Jul 25-Jul

index index
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50/50 +1500 MW
Jul 24 2012

—— Awista_NetlLoad MW
1750 VER_Scenario_NetLoad MW
VER Production

750

500

250
0
00:00 03:.00 06.00 09.00 12:00 15.00 18.00 21.00 00:00
24-Jul 25-Jul
index

50/50 +2500 MW
Jul 24 2012

—— Awista_NetlLoad MW
1750 VER_Scenario_NetLoad MW
VER Production

750

500

250

sl

00:00 03.00 0600
24-Jul

09.00

12:00 15.00 18.00 21.00 00:00
25-Jul
index

A
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Net Load Profiles (Sample Winter

Wind +400 MW
Jul 24 2012

Day)

Solar +400 MW
Dec 24 2012

50/50 +400 MW

Dec 24 2012
—— Auista_Netload MW
1750 VER_Scenario_NetlLoad MW
- = = 1400 1400
VER Production
1500
1z00 1200
1250
1000 1000
1000
80O 800
750 00 00
500
400 400
=0 200 { = Avista_Netload MW 200 | = Avista_ Netload MW
VER_Scenario_Netload MW VER Scenaric NetLoad MW
0 VER Production VER Production -
00:00 03-00 06:00 03:00 12:00 15:00 18:00 21:00 00:00 0 0
24 Jul 5jul 00:00 03:.00 06.00 09.00 12:00 15.00 18.00 21.00 00:00 00:00 03:00 06:00 09:00 12-00 15-00 18:00 2100 00-00
4 24-Dec 25-Dec 24-Dec 5-Dec
fnoex index index
Wind +800 MW Solar +800 MW 50/50 +800 MW
Dec 24 2012 Dec 24 2012 Dec 24 2012
—— Auista_Netload MW
1400 VER_Scenario_MetLoad M 1400 1400
VER Production
1200 \‘\«/—// 200 1200
1000 1000 1000
800 800 800
600 00 600
400 400 400
200 200 4 — Avista_Netload MW 200 4 — Avista_Netload MW
VER_Scenario_NetLoad MW VER_Scenario_MetLoad_MW
VER Production VER Production
0 o 0
00:00 03-00 06:00 03:00 12:00 15:00 18:00 21:00 00:00 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 00:00 0300 06:00 08:00 12:00 15:00 18:00 21:00 00.00
24-Dec 25-Dec 24-Dec 25-Dec 24-Dec 25-Dec
index index index
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Net Load Profiles (Sample Winter Day)

Wind +1500 MW

Solar +1500 MW

Dec 24 2012 Dec 24 2012
—— Avista_MNetlLoad MW
1400 VER_Scenario_MetLoad MW 1400
VER Production
1200 1200
1000 1000
800 800
600 600
400 400
200 200 | — Avista Netload MW
VER_Scenario_NetLoad MW
VER Production
0 0
00:00 03.00 06:00 03.00 12:.00 15:00 15:.00 21:.00 00:00 00:00 03:.00 06:00 09.00 1z:.00 15:.00 18:00 21:.00 00:00
24-Dec 25-Dec 24-Dec 25-Dec
index index
Wind +2500 MW Solar +2500 MW
Dec 24 2012 Dec 24 2012
—— Avista_MNetlLoad MW —— Awista_NetLoad MW
VER_Scenario_MetLoad MW 1400 VER_Scenario_NetLoad MW
1400 VER Praduction VER Praduction
1200 1200
1000 1000
800 800
600 00
400 400
200 200
0 0
00:00 03.00 06:00 03.00 12:.00 15:00 15:.00 21:.00 00:00 00:00 03:.00 06:00 09.00 1z:.00 15:.00 18:00 21:.00 00:00
24-Dec 25-Dec 24-Dec 25-Dec
index index
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4

50/50 +1500 MW

Dec 24 2012
—— fuista_Netload MW
1400 VER Scenario Netload MW
VER Production
1200 \—\_‘,._//
1000
80D
600
400
200
o
00:00 03:00 06:00 09:00 12:00 15-00 18-00 21:00 00.00
24-Dec 25-Dec
index
50/50 +2500 MW
Dec 24 2012
—— Awista_NetlLoad MW
1400 VER_Scenario_NetLoad MW
VER Production
1200
1000
80O
60D
400
200
0
00:00 03:.00 06.00 09.00 12:00 15.00 18.00 21.00 00:00
24-Dec 25-Dec
index



39 | Avista 2022 VER Integration Study ,iié

Task 3 Overview

VER Scenario

Calculate EIM

VER Scenario

Production & VER Diversity o
Forecast _ . o
Profiles Scenario Benefit alues

(ADSS Input) Reserves Discount (ADSS Input)

® Production & Forecasts e Calculate Regulation, Load- e Estimate that load-following e Reserve profiles based on
aggregated for all sites Following, and Forecast Error and forecast error reserves statistical confidence interval
included in each VER Scenario Reserves from Net Load & Net could be reduced by 25% as a of net load variability and

¢ Incremental VER Production & Load Forecasts result of EIM participation uncertainty for a 7-year
Forecasts added to 2021 e Repeat calculation for energy- historical period
Avista Net Load Actuals equivalent scenario

Net Load = Avista Gross Load — VER Production ENERGY STRATEGIES © 2022 | CONFIDENTIAL TO CLIENT
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VER Scenario Profiles & Net Load Calculation

* Validated profiles for each VER scenario
aggregated (summed) to determine

50/50 4800 MW
Dec 24 2012

“incremental” VER production & forecast
+* Flat-energy profiles were developed by taking the 12007
aMW value of the VER scenario, and are assumed to be 1000 -

perfectly forecastable

¢ Explored both flat-energy profiles and a 12x24 generic h i0 based
shape per discussions during SOW document scoping 600 1 €ac scenar.lo dS€d on
VER Scenario Net Load

800 | Reserve Calculations for

* These incremental values were added onto 1
time-synchronized 2021 Avista net load for use D s
° ° VER Production
In reserve caICUIatlons gﬂ:ﬂﬂ 03:00 06:00 09:00 12:00 1500 1500 21:00 21%0;[?0
24-Dec -Lec
¢ Use of 2021 Avista net load data is repeated for 7 years index

of VER profiles

* Reserves are quantified to handle increased
variability and uncertainty of integrating VERs

ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT
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Reserve Calculations

* Reservation calculations use a
combination of minutely net load
data and hourly net load forecasts to
identify the level of reserves required
to 95-99% of variability and
uncertainty of VER integration for
each scenario.

+*+ Each reserve calculation results in an MW
value that represents the latent spinning
reserve capacity, which should be held by
other dispatchable generators in the Avista
system, as defined by constraints in the
ADSS production cost model.

++» All reserve types are assumed to be mutually
exclusive and held independently

* Energy Strategies’ will provide reserve
results backcast for all 7-years of
historical data

+» If 8760 format is preferred, Energy Strategies
and Avista should agree upon which
historical year should be represented for
ADSS modeling

Net Load = Avista Gross Load — VER Production

Regulation Reserves
eProcured to handle rapid, unexpected variations in load or generation
eRegulation Error = 1-min Net Load — 10-minute Net Load Rolling Average
eCalculated as a 30 confidence interval of Regulation Errors
eCalculated monthly, for on-peak and off-peak hours separately

Load-Following Reserves

*Procured to handle hour-to-hour variations in net load

eLoad-Following Error = 1-min Net Load — Hourly Average Net Load

eCalculated as 20 confidence interval of Load-Following Error

eCalculation bins load-following reserves held in operating hour by VER forecast; on/off-peak

eDiscounted by 25% to represent EIM Diversity Benefit

Forecast Error Reserves

eUsed to handle net load uncertainty in the hour-ahead timeframe
*Forecast Error = Net Load — Net Load Hour-Ahead Forecast

eCalculated as 20 confidence interval of forecast errors
eCalculation bins forecast reserves held in operating hour based on VER forecast; on/off-peak

eDiscounted by 25% to represent EIM Diversity Benefit

ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT
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Regulation Results

* In IateSt correspondence With AViSta’ — BEEEII:E:"’:‘mﬂIiﬂ‘?:lf:;::‘fy Mj‘lt‘:irvd +1500 MW Wind +2500 MW
Regulation Reserves were proposed to 140 1 — Wind +400 MW — S0/50 4800 MW —— 5050 +1500 MW 50/50 +2500 MW
- — G050 400 MW = Solar +300 MW Solar + 1500 MW Splar +2500 MW
be calculated in a 12x24 format — Solar +400 MW
120 -
+* However, we noticed an unrealistic change in
regulation reserves hour-to-hour, likely 100 .
exacerbated by the 3-sigma confidence %‘ )
interval requirement for Regulation = o T
¢ We've reverted to a month-specific .
regulation value g
g 87

* Regulation levels tend to be higher in
PV scenarios, and generally higher in w7
summer months

20 1

Maonth of Year

Net Load = Avista Gross Load — VER Production ENERGY STRATEGIES © 2022 | CONFIDENTIALTO CLIENT



Net Load = Avista Gross Load — VER Production
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Load-Following Results

* Load following reserve levels calculated
based on VER Forecast level
+* VER forecast levels are separated into

“buckets” of 10% increments (0% - 10%, 10%
- 20%, etc..)

¢ VER Forecast = Existing VER Forecast + VER
Scenario VER Forecast (MW)

+¢* This approach used by Avista to:

> 1. Select reserve level for next hour based on
data available in the operating timeframe

» 2. Reflect that less up-reserves may be
needed when VER output is at its highest
levels, and vice versa

* We notice that reserves for PV
scenarios are significantly higher than
50/50 and wind scenarios

+* Max reserves are needed in Solar scenarios
with VER forecast levels of ~70% - 80%

Reserve Level (MW)

VER Profile Load Following

—— (Basaline +0MW, Up} — (Splar +A00 MW, Dn} = (Wind £1500 MW, Up) {Wind +2500 MW, Up)
1000 4 —— (Baseline +DMW, Dn}  —— ({Wind +E0D MW, Up)  —— {Wind +1500 MW , Dn) {Wind +2500 MW , Dn)
— (Wind +400 MW, Up)  —— {Wind B0 MW, Dn) —— (50/50 +1500 MW , Up) {50/50 £2500 MW , Up)
—— (Wind +400 MW, Dn)  —— {50/50 +B00 MW, Up) —— (50/50 +1500 MW , Dn) {50/50 £2500 MW , D}
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Forecast Error Results

* Forecast Error is also determined by
VER Forecast level

+* |.e., how much forecast error are you likely
to have given a given VER forecast level

+»* VER forecasts may represent a blend of
resources depending on VER scenario

* We notice that reserves for PV
scenarios are significantly higher than
50/50 and wind scenarios

+* Max reserves are needed in Solar scenarios
with VER forecast levels of ~70% - 80%

Net Load = Avista Gross Load — VER Production

Reserve Level (MW)

1000 4

750 4

500 4

250

=250

=500 4

=750

VER Profile Forecast Errar

— |Basaling +0MW, Uph
= |Baseling +0MW, Dn)
— (Wind +400 MW, Up)
— (Wind +400 MW , Dn)
— (5050 400 MW, Up)
(5050 +400 MW, Dn)
— [Solar +400 MW . Upl

— |Splar +400 MW , Dn}
— [Wind +E00 MW, Up)
[ Wind +E00 MW , D)
—— (S0/50 +B00 MW , Up)
5050 +B00 MW, Dn)
= [Solar +300 MW . Up}

—— (Wind +1500 MW , Up)
—— | Wind +1500 MW , Dn)
—— [50/50 +1500 MW . Up)
—— [50/50 +1500 MW , Dn)
—— [Solar +1500 MW , Up)

{Solar +1500 MW, D

= |Solar +300 MW . Dn}

{Wind +2500 MW , Up)
{Wind +2500 MW , D)
150450 +2500 MW , Up)
150/50 +2500 MW , Dn)
{Solar +2500 MW , Up}
{Solar +2500 MW , Dn}

10%%

0%
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Final Reserve Results

VER Profile 50/50 +800 MW BReserves

304
* After all reserves were calculated, we — e
re-applied them to the historical 0o — FOP
timeseries for implementation into the Festr Up
. . FestEm D — ]
ADSS simulation I e —
* Deliverable formatted as a Microsoft P
Excel workbook with 8760s for each 01
historical weather-year h
¢ We will send Phase 1 materials following this -100 1
call, and pending any further questions or o
comments from Avista 200
¢ Energy Strategies will also need to send
updated VER profiles since the ILR
assumption %000 06-00 12:00 15:00 00-00 06-00 12:00 15:00 00:00
31-Jan 01-Feb 02-Feb
Datetime (P5T)

Datetime (P5T) RegUp
2010-01-01 00:00:00-08:00 16.48224323 199.887706 55.28557486 61.15014447 99.82156424 122.1391016
2010-01-01 01:00:00-08:00 11.59789601 6.428916808 55.28957486 61.15014447 99.82156424 122.1391016
2010-01-01 02:00:00-08:00  10.22793947 18.27843634 55.28957486 61.15014447 99.82156424 122.1391016
2010-01-01 03:00:00-08:00 19.61672626 55.28357420 61.15{]1444?| 99.821564241 122,1391016

1ML O T 1444 0 & F1 24 15

2007 2008

2009

Net Load = Avista Gross Load — VER Production ENERGY STRATEGIES © 2022 | CONFIDENTIAL TO CLIENT
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Discussion topics from 6/28 check-in meeting

* In 6/28 meeting, James identified that significant electrification (driving an increase in Avista load)
would need to be baked into the 1500MW & 2500 MW VER scenario.

+ Avista is exploring the resolutions to this internally, and Energy Strategies will need any updated load assumptions to move
forward with reserve calculations

* Profiles for Oregon offshore wind seem to have a lower capacity factor than anticipated
¢ Energy Strategies can explore additional offshore locations to increase this number

X/

+¢ All CFs are within +/- 5% of values provided by Avista

* Confusion about max AC output (POI limit) of existing Avista wind/solar assets

+ Energy Strategies is developing proxy historical production & forecast curves for these locations as part of the benchmarking
process. However, they will not be used in the reserve calculation analysis (2021 production & forecast actuals will be used).
As of now, our assumptions are:

» Palouse Wind: 106 MW @ 39% Capacity Factor
» Rattlesnake Flat Wind: 147 MW @ 32% Capacity Factor
» Lind Solar Farm: 20 MW @ 25% Capacity Factor
* Question regarding the lower capacity factor of site additions due to less favorable land locations

+» This question is addressed in the capacity factor analysis results in these materials
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