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Acronyns, Abbreviationsand Definitions List

AAEE

AAR

AB
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AMI
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CAISO
CalEPA
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CAPEX
CARB

Carbon Allowance

CEC
CEC Guidelines

coO
cQ
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COD
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COR
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COPP
CPUC
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CRAT
CSD
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Low-Income Barriers Study, Part AOvercoming Barriers to Energy
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Bonneville Power Administration

California Independent System Operator

California Environmental Protection Agency
California Independent System Operator, also CAISO
Capital Expenditures

California Air Resources Board

The amount of carbon allowed to be emitted as authorized by the
government; an allowance is commonly one ton of carbaioxide

California Energy Commission (also Energy Commission)

The CEC documengublically Owned Utility Integrated Resource Plan
Submission and Review Guidelirdsly 2017)

Carbon Monoxide
CarbonDioxide
CarbonDioxide Equivalent

Commercial Operation Date

A combinedcycle power plant uses both a gas and steam turbine
together to produce more electricity from the same fuel

City of Redding

City of Shasta Lake

California-OregonTransmission Project

California Public Utilities Commission

Cumulative Present Worth Cost

Capacity Resource Accounting Tab(€EC Standardized Table)
Community Service and Development

Central Valley
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CVP

DC
Decatherm(Dth)
DOE

DSM

Dth/day

EBT

EIA

Energy Commission
EPA

ES

ESA

EV

FERC

FY

GEAT
GHG
GWSA
HSC

ICE
IEPR
IPP

IRP

IRP Filing

JPA

LCOE

LD PEV
LIEEP

LMP

Load Factor
MACRS

Central Valley Project

Direct Current

Measurement of heat equivalent tamne MMBTU
Department of Energy

Demand Side Management; refers to initiatives that encourage
consumers to optimize energy usage

Decatherm perDay

Energy BalanceTable (CEC Standardized Table)
U.S. Energy Information Administration
California Energy Commission (also CEC)

U.S. Environmental Protection Agency

Energy Storage

Energy Savings Assistance

Electric Vehicle

Federal Energy Regulatory Commission

Fiscal Year (July 1June 30 for Redding; October-September 30 for
the US Government)

GHG Emissions Accounting Tab{€EC Standardized Table)
GreenhouseGas

Global Warming Solutions Act

Health and Safety Code

Intercontinental Exchange

Integrated Energy Policy Report

Independent Power Producer

Integrated Resource Plan

POUAdopted IRP Accompanied By The Required Supporting
Information

Joint PowersAgency

Levelized Cost of Energy

Light-Duty PlugIn Electric Vehicle

Low-Income Energy Efficiency Program

Locational Marginal Pricing

A load factor is a measure of the variability in utility load over time
Modified Accelerated Cost Recovery System
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MMT
M-SR PPA

M-SREA
MT
MW
MWh
NCPA
NEM
NERC
NG
OASIS
OH
PEV
POU
PPA
PRC
PUC
PV

RE
REC

RPS
RPT
SAE
SB

SB 350
Sceaario
SOTP
TAC
TANC
UG
VAR

Millions of metric tons

California Joint Powers Agency, MR Public Power Agency, of which
the City of Reddings a member along with Modesto Irrigation District
and they City of Santa Clara

M-SR Energy Authority

Metric Ton

Megawatt

Megawatt-hour

Northern California Power Agency

Net Energy Metering

North American Electric Reliability Corporation
Nitrogen Oxide

Open Access Saméime Information System
Overhead

Plug-In Electric Vehicle

Publicly-Owned Utility

Power Purchase Agreement

Public Resources Code

Public Utilities Code

Photovoltaic (solar)

Renewable Energy

Renewable Energy Credit (IMWh renewable energy = 1 RE€R
tradable, nontangible energy commodily representing proof that
1 megawatt-hour (MWh) of electricity was generated from an
eligible renewable energyresource

Renewables Portfolio Standard

RPS Procurement Table

Statistically Adjusted End Use

Senate Bill

Senate Bill 350 (De Ledn, Chapter 547, Statutes of 2015)
Eight expansion plans developed and compared

South of Tesla Principles

Transmission Access Charge

Transmission Agency of Northern California

Under Ground

Volt-ampere reactive; voltageX current out of phase on AC system
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WECC
WREGIS
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IRP Project Partners

Ascend Analytics Modeling software company

PowerSimm Software developed by Ascendnalytics used to evaluate
scenarios for load, resources, cost, risk, and environmental
mandates

Curve Developer Software developed by Ascend Analytics to forecast market gas
and power prices

Black & Veatch Consultant who aided in IRP developmengnsuring all mandates
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Itron Consultant who developed the load forecast
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1.0 Executive Summary

Thisreport (Report) presents thelntegrated ResourcePlan (IRP) for the City of Redding (COR)
owner of a non-profit, vertically integrated utility providing electric service toapproximately
44,000 customersin and near Redding, Californiawithin a service areathat coversapproximately

61 square miles CO

11



The 2019 IRPwas developedthrough extensive analysis andenefited from coordination among
internal and external partners andstakeholders. This Report, and the accompanyingppendices
describes the analyses conducted antghe underlying assumptions used toproduce a 20-year plan
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A summary of he 20-Year Resource Plan iprovided in Section 1.1.Supporting information,
including studies, data, analyses and resultplus associatedexhibits for the IRP analysis is
provided in the following sections of the Report:
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ITEM SELECTED TEXT FREMOEC GUIDELINES LOCATION
IN IRP

E. Demand
Forecast
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1.1 SUMMARYOFTHE20-YEAR RESOURTZRAN

ThelIRP, described herein,wasbased on thdoad forecast developed bytron further described in
Section 4. The competing expansion plas (Scenariod were designed to meet the load
requirements and other planning objectives stated hereinrand each Scenario was rate@n various
measures todefine the preferred Scenaria

Section 6 of this report explains thalCCR has sufficient generatingcapacityto meet energy needs
through the 2037 planning period however, an Existing SystemScenario is not acceptable as it
would fall short of meeting renewable generation andenvironmental mandates. As a result, several
Scenarioswere developedthat provide additional renewable resources andvere evaluated based
on the costand characteristics of select solar and wind options described in Sect@&nCenteredon
these characteristics as well asadditional assumptions and methods described in Section, the
long-term cumulative present worth cost (CPWC) of eight competin§cenariosvere developed and
are presented in SectiorB. The CPWC includes all incremental costs of the planning period stated
ona present worth basis.

The eight Scenariosevaluatedeachdiffer in terms of the additional solar and wind resources that
comprise the plan. Solar and windwere the only projectsevaluatedfor future resources due tothe
desires of CORand its customers. The list of projects consideredor inclusion in the Scenariosis
shown inTable 1-2. The eightScenariosdeveloped around these projects are shown ifiable 1-3.
Each of these Scenarigsther than the Existing SystemScenariq include the 2021 addition of the
10 MW (Project 1) Solar Roject now in Phase llof development
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Tablel-2

Not Firm Capacities)

_ PROJECT 1] PROJECT 2] PROJECT 3] PROJECT 4 PROJECT 5| PROJECT 6] PROJECT 7

Name

Location

Type
Capacity (MW)
Scalable

AC Capacity
Factor (%)

Annual Energy
(MWh)

Annual
Degradation (%)

Energy Storage?
(Yes/No/Maybe)

ES Capacity (MW)

ES Duration (Hrs)

Transmission
Requirements

LMP Market
Location (To
Value)

Transmission
Access Charge
(TAC)Costs
(2018-$/kW/mo)

Transmission
Costs (2018
$/MWh)

Transmission
Escalation Rate
(%)

Local PV
w/Bat t
Local

PV

10

No
27.9%

24,440

0.70%

Yes

2.50

None

NP15

$0.000

$0.000

NorCal/OR
PV

OR/NorCal

PV
100
Yes

27.0%

236,520

0.70%

Not

included

Not
included

Not
included

To COTP,
WAPA

NP15

$2.258

$0.000

5.00%

AZ PV

Arizona

PV
100
Yes

33.1%

289,956

0.70%

Not

included

Not
included

Not
included

To CAISO,
WAPA

Palo Verde

$3.137

$11.221

4.00%

CVPV1

Central
Valley

PV

20

No
30.6%

53,611
0.70%
Not

included

Not
included

Not
included

NP26,
WAPA

ZP26

$0.000

$11.221

4.00%

CV P\2

Central
Valley

PV
100
Yes

29.8%
261,048
0.70%
Not

included

Not
included

Not
included

To CAISO,
WAPA

SP15

$0.000

$11.221

4.00%

NorCal/ OR

Wind

OR/ NorCal

Wind
100
Yes

30.0%

262,800

0.00%

Not

included

Not
included

Not
included

To COTP,
WAPA

NP15

$2.258

$0.000

5.00%

Projects Considered in the IRFtenariogAll Capacities are th Maximum Rated and

AZ Wind

Arizona

Wind
200
Yes

30.0%

525,600

0.00%

Not

included

Not
included

Not
included

To CAISO,
WAPA

Palo Verde

$3.137

$11.221

4.00%

There are two methods of accounting for transmissin costs: volumetric charges ($MWh) used by California Independent
System Operator, and deman¢b/kw -mo). Depending on the location of the project and transmission path, it will be one or

the other, or both; the model accommodates both.
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Tablel-3 Projects in theScenarios Modeled (All Capacities atike Maximum Rated and Not
Firm Capacities)

SCENARIO PROJECT 1:] PROJECT 2: | PROJECT 3: | PROJECT 4: | PROJECT 5:] PROJECT 6:§ PROJECT 7:
NAME PV PV Y PV PV WIND WIND

A) Base Case MW: 10

Start: 2021
MWh/yr:
24,440
LCOE$58
B) Balanced MW: 10 MW: 30 MW: 20 MW: 70
Mix Start: 2021 Start: 2028  Start: 2026 Start; 2032
MWh/yr: MWh/yr: MWh/yr: MWh/yr:
24,440 86,987 53,611 183,960
LCOE$58 LCOE$57 LCOE$71 LCOE$76
C)Balanced  MW:10 MW: 30 MW: 25 MW: 70
Mix-Alternate  Start: 2021  Start; 2029 Start: 2026 Start: 2032
MWh/yr: MWh/yr: MWh/yr: MWh/yr:
24,440 70,956 65,262 183,960
LCOE$58 LCOE$73 LCOE$68 LCOE$72
D) Heavy MW: 10 MW: 85
Wind Start: 2021 Start: 2026
MWh/yr: MWh/yr:
24,440 223,380
LCOE$58 LCOE$68
E) Heavy
Wind
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The results of the Scenario analysis are reported in Section 8 and are also summarizedable 1-4.
In this table, the consolidated CPWC results and other key results for the Scenarios evaluated are
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banked REG, the plan meets the 203REtarget of 50 percent and never incurs a negative REC
bank balance during the 20182037 planning period.

REDDING POWER

GREENHOUSE GAS OUTLOOK
SCENARIO H

140,000

120,000 \

100,000 ——

80,000
60,000

40,000

Emissions (MMTCO2e)

20,000

0

2022 2023 2024 2025 2026 2027 2028 2029 2030
Year

Total Emissions Goal

Figurel-2 GHG Emissions in the Preferr®n, ScenarioH

RENEWABLE OUTLOOK
60%
50%
g
= 40%
()
=
9:3’ 30% o~
on
Q
X 20%
(7]
o
he
10%
0%

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Year

e Requirement Preferred Plan Base Case

Figurel-3 Renewable Outlook
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1.1.3 Analyses of Alternative Scenarios

Scenario H is the onlyscenarioidentified in Table1-4 as having green or light green shading in all
categories. The plan is within 2.8 percent of the least cost plan; it achievesdapercent REmix in
2030; it achieves all intermediate RE milestones (by relym on banked RECs in some years) and has
a reasonably balanced mix dREcontributions from wind (5 3 percent) and solar 36 percent).

Based on theglobal objective of balancing economic, reliability, and environmental objectives,
Scenario H is the best ovall plan in the 2019 IRP. Further details about Sceme H are provided in
the next Sction 8.

In terms of lowest CPWC, Scenario D may appear to be the best overall plan and it also is very good
in terms of the 2030 RE level 085 percent. However, the area where this plan falls short is its lack
of resource diversity
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Tablel-4 HeatMap Diagram of Scenario CPVé6d REResults

CPWC Summary

ScenarioB  Bal Mix of Wind/Solar

Executive Summary

CPWC
CPWC| %
Description ($1,000)| Higher
Base Cai' Base Case (with local solar on| 583,833
Scenario Balanced Mix of Wind/Sol

2030
Renew

able, % of

Retail Sales

Intermediate

Milestones
for RE Met?

Avg. RE

20182030

Achieving RE Bal

ance

RE from RE from| RE from
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Tablel-5

Detailed CPWC Results for the Preferred Plan, Scenario H

COR V11 Scenario H Mean Results

Desc Optimized Balanced Mix

1=t ¥r Energy LCOE

Portfolio Size(MW)  First Year [nwvh) [&Fnarh)
Economic and Financial Parameters Lol PV w/Bat 10 201 24,440 5 580D
CPW Discount Rate: 25% MNorCal/OR PV
Base Year for CPW 5 18 AT PV
Westland PV
CV PV &0 2006 156,620 5 G68.00
MNorCalf/OR Wind 65 2034 170,820 5 7708
AZWind
Supply Value/Cost Wholesale 5ales Value/Revenue Cumulaive
System Value! of RELI Rigk and Totd REL Hydro Wind Tota Present Present
Tranamitted Supply | Generation| Hydro Wind Import | Purchase + | Generaion Sales Sales Export System Warth Warth
Year Enemy Energy Coss Costs Costs Costs | Production | Valuel Valuel Valuel | Revenue Cost Cost Cost
GWh (51,0000 (51000} (510000 | (510000 | (510000 (51,0000 (51,000} (51,000) (51000 (51,000 (51000 (51,000 (510000
2008 [ 767535 25,505 10,251 4975 12,239 7,955 60,901 10,561 7,379 5272 2178 35512 35512 35,512
2019 ( 767119 24411 7054 6,525 12,239 8,000 53138 17 B523 5,026 1,883 36,488 35,508 71110
2020 [ 766.632 26,082 8398 6,788 12 265 B.673 62 206 BB75 0086 5478 2705 36,061 34324 105,434
2001 763.013 282727 10,208 7,061 13,507 8,080 67,124 11286 o724 7253 4475 34436 31978 137411
2022 761992 20,596 12,406 7,35 13,408 8,286 7,222 14816 10,247 7604 7017 31,538 28,572 165,983
2023 [ 762510 30,6436 13 419 7,642 13 480 0 480 675 15817 10,539 7 BG5S 7337 33128 29 281 195 264
2004 | 767096 31,690 13,842 7,950 13,509 9,710 76,701 17128 10,674 8089 7,981 32830 28,309 223573
2025 768249 32,901 14 180 B0 13,472 10,713 79,536 18,771 11,150 8355 8 El18 32442 27293 250,866
2026 [ TA535 33,848 13,665 8,605 26,418 965 92 188 19234 11303 15 315 13,789 32548 26,714 77579
2087 | 773399 34,785 13,915 8,950 26,414 9 581 93,645 20,329 11,582 15,641 14,364 31,730 25407 302,986
2028 77BTHA 35,897 14,153 49 3510 26,472 12060 97 882 19612 11838 16,005 13,605 36,824 28,767 331,755
2029 [ 7BO.760 36,894 15, 090 9 685 26,414 12 365 100445 20,050 12 247 16,360 13, 720 38,071 29015 360768
2000 | 782358 37897 15,478 10,075 26,420 13,522 105,591 21901 12,145 16, /6 15,001 37,640 27,987 388,756
2081 784084 38917 13,482 10,481 23,663 11895 08438 24517 15,203 15,689 16,308 28,631 20770 409525
2082 7BR1M 40,085 15,846 10,903 14,235 17429 0g 4090 24411 13,222 9172 10,79 40,015 28957 438482
2083 ( 7EO1x 41143 16,779 11,343 14 17 18957 101938 24413 13,239 0301 10,512 44 383 30,645 460127
2084 792330 42320 13,158 11,799 32,393 14010 113,681 24901 14097 18,991 18,089 37,603 25,330 404 457
2085 | 796.280 43553 14,871 12 775 32,500 15947 110245 25,844 15,811 19,435 18,401 41753 27440 521897
2086 | BO2497 44088 14 220 12 769 32 BES 17108 121970 2442 14301 19011 17,188 45141 29 584 551481
2057 | BDA.300 46,245 14,388 13,284 33,046 17,601 124564 24908 14822 20,304 17,392 47156 29,485 580966
MPV:[ 540144 207150 143615 | 32087 | 186047 | 1406830 290,366 181 BO5 187835 165,858 580,966 580966 580,966

L Interim calculation representing the value [either cost or revenue) of the item using a common market base
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Tablel-6 Renewable Energy and REC Adequacy in the Preferred Plan, Scenario H

Renewable Energy Achieved (GWh) and Renewable Energy Credits (1,000): Scenario H

Redding Electric Utility

mmmmlmmm

Big Horn 180 180 180 180 180 180 180 180 180 180 180 180 180 153 O

Western Small 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Whiskeytown 26 26 26 26 26 26 26 26 26 26 27 26 26 26 26 26 26 26 26 26
Local PV 0 0 0 24 24 24 M4 24 24 23 23 3 23 23 23 n 2 n»n 2 2
CV PV 0 0 0 0 0 0 0 0 155 154- 154 152 151 150 149 148 147 146 145 144
NorCal 176 176 177 176
mmmmmmmmmm
Retml Sales, GWh 698 697 694 694 604 695 698 702 704 707 711 716 717 719 722 726 720 733 736 740
RPS Obligation, % 200 31% 330 35% 370 380  40% 420 43% 4506 479 480 50% 50% 50% 50% 50% 50% 50%  50%
RPS Achieved, % 3005  30% 310 340 3405 340 3405 340 560 5306 5505 540 54%  S0%  28%  28% 520 51%  51%  51%
Required RECs 202 215 229 241 253 266 279 293 305 318 332 346 359 360 361 363 365 366 368 3?0
Annual REC Balance 9 (16 () @7 (@9 [ (G 8 72 42 28 () (156 (160) 13 10

mmmmmmmmmmnmmm
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2.0 Purposeand Background

This section provides an overview of théRPprocess

Purpose and Background 2-16



Figure 2-1, caninclude demand response programs, energy efficiency programs
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Figure2-1 COR

Purpose and Background
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2.2 METHODLOGY

In order to compare theeconomic and othermerits of different resourceoptions and portfolios,
IRPs utilize various tools and methodologies to condudetailed modeling of a power system.Such
modeling allows the cost ofalternative scenariosto be quanified in terms of present value cost as
well as the tracking of whether a portfolio achieves othetargets such as GHG anREgoals. Itis
possible thatthe least cost portfoliomay notbe selected if other objectives are not met, or if a
slightly more costly portfolio does much better with regard to othergoals

The supply-side evaluations of generating unit alternatives wer@rimarily performed using
economic analysis tools developed by Ascend AnalyticEhe primary tool used in the analysis was
PowerSimm, a dispatch optimization and production cost tool thaallows the determination of the
net costto serve
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State Legis

2020 -

2019 -

AB2021 REU 3yr
Forecast 2018 +
Requirement Filed

X 2 2017 ==

CARB Cap and Trad i
amendments ‘ 2016

2015 -

2014 -

2013 =

2012 -
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2.3.1 SB 35@Gnd PUC 9621

This Report is filed in accordance with themandatesof SB350 (de Leon, Chapter 547, Statutes of
2015) and associated changes to Public Utilities Code (PUC) Section 9621. SBtB&0
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Table2-1 Estimated 2030 GHG Emissions by Sector (MMELO

2030 SCOPING PLAN] % CHANGE FROM
SISeAneiR 1990 RANGESVMMTCOe) | 1990 (%)

Electric Power 108 30-53 -72 to -51
Agriculture 26 24-25 -8t0-4
Residential and 44 38-40 -14 to -9
Commercial

High GWP 3 8-11 267 to 367
Industrial 98 83-90 -15 to -8
Recycling and Waste 7 8-9 14 to 29
Transportation 152 103-111 -32 to -27
Natural Working -7 TBD TBD
Lands Net Sink

Subtotal 431 294-339 -32 to -21
Capand-Trade n/a 34-79 n/a
Program

Total 431 260 -40

CARB Staff Report:SB 350 Integrated Resource Planning Electricity Sector Greenhouse Gas
Planning Targets, July 2018, p. 23.

The CARB document also set forth proposed GHG targets for the individual POUs. These targets are
shown in Table 2-2 and include a targeted 2030 range of between 5@00 and 101,000MTCQe for
CORthis amounts to 0.191 percent of the 2030 electricity sector emissionsCARB has proposed to
update these targets on &-year basis to coincide with the IRP filing requirements.

Table2-2 POU Share (in 1,000 MTe&)of 2030 GHG Emissions Projected by CARB

2030 ELECTRIC
POU SECTOR EMISSION

LOW 2030 TARGET HIGH 2030 TARGET

(%) (MTCCe*) (MTCOe*)

City of Redding 0.191 57,000 101,000
City of Burbank 0.430 129,000 228,000
City of San Francisco 0.041 12,000 22,000

City of Anaheim 1.015 305,000 538,000
City of Palo Alto 0.174 52,000 92,000

City of Pasadena 0.426 128,000 226,000
City of Riverside 0.918 275,000 487,000
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2030 ELECTRIC
POU SECTOR EMISSION

LOW 2030 TARGET HIGH 2030 TARGET

* *
%) (MTCQe*) (MTCQe*)
City of Vernon 0.497 149,000 263,000
City of Glendale 0.396 119,000 210,000
Imperial Irrigation 1.745 524,000 925,000
District
L.A. Dept. of Water & 8.851 2,655,000 4,691,000
Power
Modesto Irrigation 1.055 317,000 559,000
District
City of Roseville 0.452 136,000 240,000
Silicon ValleyPower 0.915 275,000 485,000
SMUD 3.621 1,086,000 1,919,000
Turlock Irrigation 0.629 189,000 333,000
District

*Low target based on 30 MMTCe for the sector; high target based on 53 MMTG®for the
sector. Emission targets for each utility are rounded tthe nearest 1,000 MTCeke.

CARB,Staff Report: Senate Bill 350 Integrated Resource Planning Electricity Sector Greenhouse Gz
Planning Targets July 2018, p. 30.

2.3.1.1 CEC IRP Guidelines

To facilitate IRP preparation and submittal, the CEC developégPguidelines for the state POUs
The guideline document, entitledPublicly Owned Utility Integrated Resource Plan Submission and
Review Guidelingsvasissued in July 201 {updated in Augustand September2018) and

established a number of requirementgo be includedin the IRPFiling. These requirements include
the following:
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4. RPS Procurement Table (RPT): A detailed summary oP®U resource plan to meet
the RPS requirements.

The four Standardized Tables fothe preferred Scenario are presented in Appendix A8.
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Table2-3 Summary of Key IRP Filing Requirements and Location in IRP

ITEM SELECTED TEXT FROMHE CEC GUIDELINES TORATION

A. Planning
Horizon and
Objective of
Expansion Plan

Purpose and Background 2-8



ITEM SELECTED TEXT FROMHE CEC GUIDELINES TOSATION

G. System and
Local Reliability

Purpose and Background 2-9



every yearconsistent with reaching the 1990 emissionlevels by 2020. To achieve the goal, carbon
allowances are distributed annually in amounts equal to the cap for that year. Some allowances are
given freely, and others are auctioned off. Allowance owners may use allowances to emit carbon or
sell theallowanceson the secondary market.

CARB held an October 2, 2015 workshdp beginthe development 0f2016 Cap-and-Trade Program
amendments. CARB statefbur objectives: (i)to extend the program beyond 2020; (ii)to improve
programmatic efficiencies coveringauctions and data reporting); (iii) to better reflect the latest
technical data on global warming potential and experiences with other emissions trading programs;
and (iv) to maintain the environmental and market integrity of California
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2.4.1.3 Greenhouse Gas Emissior&B 32 and AB97

SB 32 whichwas implemented on January 1, 2017equires the CARBthe designated state agency
charged with monitoring and regulating sources oGHG enissions), to ensure that statewideGHG
emissions are reducedy at least 40percent below the 1990 level no later than December 31, 2030.

Companion legislation, Assembly Bill 197 (AB 197), alsmplemented on January 1, 2017, increases
legislative oversight ofthe CARB.In addition, AB 197 requires thatthe CARB|jf adopting rules and
regulations to achieve emissions reductions beyond the statewiddHGemissions limit, protect the

S
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(i) overthe 2011-2013 compliance period, an average of 2percent of retail sales from January,
2011 to December3l, 2013, inclusive;

(i) overthe 20142016 compliance period, a total equal to 2@ercent of 2014 retail sales, 20
percentof 2015 retail sales, and 25ercent of 2016 retail sales;and

(iii) over the 2017-2020 compliance period, a total equal to 2percent of 2017 retail sales, 29
percent of 2018 retail sales, 31percentof 2019 retail sales, and 3®ercent of 2020 retail sales.
(More recently,SB 350increased the statewide RPS to 5percent by 2030.)

In addition to meeting the REpercent procurement target, the RPS established certain Portfolio
Content Categories (PCC) that further dividiethe eligible REresources to be procuredand
established certain limits The PCCs essentially classify renewable resources into one of four
categories based on location of the interconnection and other factors as follows:

PCC1products must be bundled and the POU may not resell the energy; tlesource
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kWh cost of RPS procurement (including delivery, firmig, shaping, or storage) should not exceed
75 percent of COR
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the program which helped to provide more than 8 MW of installed capacity at over 800 customer
locations?

As defined by SB 1CORs fast approaching the 5%net energy metering (NEM) (1.0) cap d 12.7MW
and it is anticipated that cap will be reached around the 3rd quarter of 2020. Prior to hitting the
cap,asuccessor policywill be developedand submitted to Council for approval and early adoption
to ensure a smooth transition.

2.4.3.2 Energy Efficieng (SB 1037; AB 2021)

Senate Bill 1037 (SB 1037) was signed by then Governor Schwarzenegger on Septen29er2005.

The bill requires that each POU, prior to procuring new energy generation resources, first acquire

all available energy efficiency, demand @uction, and renewable resources that are costffective,
reliable, and feasible. SB 1037 also requires each POU to report annually to its customers and to the
CEC its investment in energy efficiency and demand reduction programs.

California Assembly Bli 2021 (AB 2021), signed by then Governor Schwarzenegger on
September29, 2006, requires that POUs establish, report, and explain the basis of the annual
energy efficiency and demand reduction targets by Jurfe 2007, and every three years thereaftey
covering a tenyear future horizon. A subsequent bill has changed the time interval for establishing
annual targets to every four years.Reporting requirements under AB2021 include: (i)the
identification of sources of funding for the investment in energyefficiency and demand reduction
programs; (ii) the methodologies and input assumptions used to determine cosgfffectiveness; and
(i) the results of an independent evaluation to measure and verify energy efficiency savings and
demand reduction program inrpacts.

2.4.3.3 Energy Efficiency and Demand Side Management

In addition to the impact on demand from solar power, COR has several ongoing EE and DSM
programs that help manage demand on the COR system. These efforts are described in detail in
Section5.0.

2.4.3.4 Peak Demand (SB 338)

SB 338,passed by the California Senate on September 6, 2017 and approved by the Governor on
September 30, 2017, requires the PUC Commission and the governing boards of local publicly
owned electric utilities to consider how energy storage, energy efficiency stragies, and distributed
energy resources can help utilities meet peak demand electricity needs while reducing the need for
new electricity generation and transmission facilities. COR has seen a reduction in peak demand
over the last several years and foregsts very little growth from these levels during the planning
horizon. As aresult, COR currently possesses the required level of resources (including energy
storage and energy efficiency programs) to meet future expected peak demand requirements.

2.5 FEDERAENERGY LEGISLATION

Currently, the state requirements described above dictate the renewable and emission standards
for POUs in California. It is possible that in the future, more restrictive requirements could be
mandated at the federal level resulting fom new laws or regulations implemented by the U.S.
Environmental Protection Agency (EPA).

7 Cityof Redding Report to Redding City Council, 4.5(b)
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In 2009, theEPA
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Sand-alone flyers,bill inserts, radio spots,and social media announcementsvere used to reach out
to customers Adedicated email was created for customers to contadhe IRP tean directly.

Participantswho joined the stakeholder planning procesdlustrated in included those involved
with economic development and commerce, customers, developers, governmental agencies,
consultants, and other interested parties Sakeholders participated in meetingsheld in February
and Juneof 2018. Each meetingaddresseddifferent aspects of IRP planning.At the first meeting,
pictured below in Figure 2-5, the primary objectivesincluded:
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3.0 Existing Resources and System Description

The city of Reddings rural area located at the northern end of the Sacramento Valley,
approximately 160 miles north of Sacranento and 230 miles northeast of San Francisc@sthe
county seat of Shasta Count{County), Redding is themajor trade and commerce center for the
northern central and northeastern portion of California. The cityis situated in the midst of a vast
recreational area that includes nine national forests, six wilderness areas, two state parks and one
national park. Redding experienceshot summers and mild winters with an anual precipitation of
approximately 34.2inches. Elevation within the area varies from 400 feet above sea level to 10,466
feet at Lassen Park, just outsidef the County.

Since 1921 the City of ReddingElectric Departmenthas provided electric serviceo its community,

and now serves a populabn of approximately 92,000through the efforts of 187 employees The
legal responsibilities and powers of
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Table3-1 Power Supply Resource€@lendar Year 20)7

SOURCE CAPACITY ANNUAL ENERG PERCENT OF
AVAILABLE (MW) (GWH) TOTAL ENERGW

Redding PowerStation@ (U1-U6) 183.1 25%
Whiskeytown (U9) 3.5 26 3.5%

M-SR PPA/San Jud® (Now expired) 0 0 0%

Total Generated Power (1) 186.6 28.5%

———

WAPABase Resourcé) 128.5 49.5%

M-SR PPA/Big Horn | WindProject 23.0 164 22%

Total Purchased Power (1) 151.5

Total (Generated and Purchased) 338.1 _ 100.0%

(1) Totals may not add due to rounding.

(@) Capacity listed is nameplate capacity (EIA860 defined) for Redding Pow&tation.
(©)]

Existing Resources and System Description
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Figure3-1

Figure3-2
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3.1 GENERATING FACILSTIE

3.1.1 Redding Poweftation

The Station is the primary local generation resource, with atotal station nameplate capacity of
183.1 MW. The Stationis comprised of (1) atwo-on-one combined cycle power generatingstation
with two Siemens SGBO00 gas turbines(with nameplate capacities 0f42.5 MW and 40 MW,
respectively) coupled toa 26.8 MW nameplate capacityGE steam turbineand three GE Frame 5
simple cycle combustion turbines, with a combined nameplate capacity of 73.8 MW.

The first SGT800 gas turbine(Unit 5) was placed into commercial operation in June 2002. The
second SGIB00 gas turbine(Unit 6) was placed into commercial operation in August 2011The
Frame 5 combustion turbines were placed int@eommercial operation in 1996 (Units 1, 2, and 3)
All units are currently natural -gas fired only.

The initial steam unit (Unit 4) was acquired and converted from biomass fuel tgasin 1991. Both
generator Units 5 and 6canoperate in combinedcyclemodeto provide steam toUnit 4. WhenUnit
6 wasplacedin service, the original fired steam boilers were retired

On February 9, 2018, testing and verification of a newly installed SCR Ddiahction NOJ/CO
catalyst systemwas completedfor Units 5 and § replacing the previously installed SCONO
emissions control systen. The catalyst system lowers emissions and increases efficiencihe
Station has a cooling tower fed by City water to meet its cooling needs.

3.1.2 Whiskeytown Project

CORowns and operates a 3.5 MW hydroelectric genetiag plant located at the U. SBureau of
Reclamation Whiskeytown Dam near Redding. This projeatascompleted in 1986and has
produced an averageof approximately 26 GWhannually since that time. In some years,
temporarily high flow releases have been captured by the flexibility of the dualinners installed in
the unit and additional energy has been generatedJnder minimum flow releaserestrictions, it is
estimated the facility could produce approximately 10 GWh per year.

CORnas received full CEC certification for the Whiskeytowfacility as a California RPS Eligible
renewable resource. The facility has been registered with the Western Renewable Energy
Generation Information System (WREGIS), and the associated renewable energy credits (RECs) will
either be retainedfor RPS compliace purposes or utilized for wholesale sales.

3.2 RENEWABIENERGRESOURCES

Since 2003,CORhas aggressively pursued costffectiveand selfowned or purchased renewable
resourcesthrough adopted RPS targetsThe initial RPS target, in response to SB 1078 ,a& 20
percent of annual energy needs by 2017. Based on theC
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3.3 CONTRACTUAL PURCHASE

In addition to owning and operating generatingfacilities, energy needsre supplementedthrough
contractual purchases, as further described below

3.3.1 Big Hornl Wind Energy Project

TheBig Hornl Wind Energy Project (Big Horn) is a 199.5 MW (nameplate capacity) wind project
comprised of 1331.5 MW GE wind turbine, located near the town of Bickleton,n Klickitat County,
Washington CORparticipates in the purchase of &85 percent share of the output from the Big
Horn | Project through a power purchase agreemen{PPA)with the M-SR Public Power Agency
(the M-SRPPA, aJoint Powers Agency(JPA)of which CORis a member along with Modesto
Irrigation District and the City of Santa Clara.
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WAP Abegan on Januaryl, 2005, and continues through 2024(an extension beyond 2024currently
in procesy. As of Januant, 2015, WAPArevised its allocation percentages, anthe current
allocation of energy available fromMWAPAis 8.159%. In calendar year 2017336.1 GWH of energy
were receivedfrom WAPA

Delivery of purchased power fromWAPAis madeat two interconnection points with WAPA the
Keswick Dam Switchyard
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farms located inthe Pacific Northwest Thus,the impact of drought conditions in the Pacific
Northwest tends to also result indecreasel wind generation from
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Balancing Authority of Northern California (BANC)alancing authority area (BAA)and
interconnects with the California Independent System OperatorsGAISQ BAA

CORis alsa member of BANC, a joint powers authority with members that also include the
Sacramento Municipal Utility District (SMUD, Modestolr rigation District (MID), Roseville Electric,
Trinity Public Utility District, and the City of Shasta Lake (COSLBANC began its operations on
May 1, 2011 and is now the third largest balancing authority in California, serving a peak load of
approximatel
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Figure3-4 Balancing Area of Northern California (BANC) Members

As a member of BANG@ORs responsible for matchingcustomer usage and resources on a
moment-by-moment basis. However, BANGperates the transmission system, monitoringopower
lines to target their operation within the reliable limits of the system, andcoordinatesoperations
with neighboring balancing authorities.
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SMUD acts as the balancing authority operator and perfosialancing authority functions on
behalf of BANC Benefits ofbeing under BANC includelirect scheduling of energy transactions over
the COTP within theBANCbalancing authority area, free ofa CASO tariffor charges,and free from
related congestionand encumbrances.

BANC operates under the princi@ of maximizing consumer value and compliance with reliability
standards. The structure provides flexibility to expand and allows members to benefit from
potential future savings through the sharing of facility costs.

Table3-4 WAPA Transmission Service Summary Information

CAPACITY CAPACITY | VOLTAGE
CONTRACT END DATE (MW) * (KV) DELIVERY/RECEIPT PONTS

Long-Term Firm Transmission Service

Olinda, Tracy, Elverta, Airport,Keswick

Contract 1 2035 136.8 230 (115 kV)

Delivery: Tracy, Cottonwood

Contract 2 2035 47.2 230 . . .
onfrac Receipt: Airport, Keswick (115 kV)

Short-Term Firm COTP_Transmission Service

California-Oregon Border, Southern

Contract 1 By request By request 230-500 Terminus (500 kV); Olinda,Tracy (230 kV)

* Delivery point capacity (after losses)
Source: WAPA/CVP Contract for Transmission Service tthe City of Redding, California

3.4.2 TANGnd Californie-Oregon Transmission Project

CORalong with fourteen other northern California cities, utility districts, and one rural electric
cooperative,are members or associate membes of a CaliforniaJoint Power Agency(JPA)known as
the Transmission Agency of Northern California (TANCJTANC, together withCOR WAPA, two
California water districts and PG&E (collectively, the COTP Participants) own the California
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utilities with other utilities in the Pacific Northwest. The Intertie is owned by PG&E, PacifiCorand
WAPA it is operated by theCASO. The thredine system comprised of the COTP and the Intertie is
collectively referred to as the CaliforniaOregon Intertie (COI).

3.4.3 TeslaMidway Transmission Service
The southern physical terminusof the COTP is PG&E
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Figure3-6 Reliability Comparison

For a more local comparison, in 2016, PG&E customers in the north valley had an average of 175
minutes without power.

During the Carr Fire
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Improved communication for Power and VAR control via local network, installation of
additional circuit breaker dedicated to subgations.

Potential system modifications to accommodate future solar installations are dependent
upon site approval/location. Presently 10 MW of additional solar is expectedwhich would
equate toa requirement of475 Amps at 12.47kV.The majority of this solar generation is
anticipated for nearby East Redding Substation and the remainder may split between two
other locations. The project completion is planned for year 2021.

Re-conductoring of the 115 kV lines between Eureka Way ardregon substations to increase
the line rating. Under certain contingencies that cause increased throudlow, the present
line may become overloaded. The project would be completed end of year 2019.

Installation of fiber optic communication links betweenthe Plant, Texas Springs Substation,
and Moore Road Substation. This will provide high speed tripping capability to increase
generator stability as well as redundant substation communication path. The project would
be completed end of year 2019.

Provide reconfiguration of the lines interconnectingthe Plantto the bulk electric system to
reduce the system impedance and resultant voltage drop to Canby Substation under certain
system contingencies. If approved, the project is proposed to be completed by tived of year
2020.

Alternatively (to the reconfiguration project immediately above), provide VAR capacitors at
Canby Substation system to reduce the resultant voltage drop to Canby Substation under
certain system contingencies.If approved, the project & proposed to be completed by the
end of year 2020.

Other projects being considered would providaipgrades to the communication systems necessary
to integrate additional demand-side energy managementnvestments. These projects could
include:

1.

Install city -wide radio network communications in support of a remote commercial
metering project. This network will provide open architecture communications for control
and monitoring of 12 kV line voltage via capacitor control and commercial remote metering.
The project would be completedby theend of 2020.

Installation of the optional OMS/DMS software to augment the present OSICADA system
used by the Electric Utility Distribution System Operators. This improvement will decrease
response times, reduce the rislof switching errors, and reduce the likelihood of unknown
equipment overloads. The projecivould be completedby the end of 2020.

Provide System Operator control and monitoring of theuitility -owned and large customer
owned solar facilities. This improvenent will give the System Operators direct control of
solar generation output including MW & Volt/VAR control. The projectvould be completed
by the end 0f2022.

Upgrade substation communications equipment to automatically retrieve protective relay
fault information and display to the System Operator. This improvement will decrease
eventresponse times. The projectvould be completed by theend of 2019

Finally, it is important to mention that it hasbeenlong recognized that reducing losses on the
power distribution system through investment in energy efficiency has beneficial impacts on
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customer rates on the environment,and it can extend the lifesparof transmission, distribution,
and generatingassets. Energy efficiency effortsare consistent with goals of reliability, affordability,
and sustainability.

In this context, the energy efficiency programs undertakeifand discussed in Sectiorb) constitute
significant steps to reduce losses on its distributiorsystem. For example, since enacting the street
lighting program in September2015, annual system losseshave been reducedy an average of
1,231,494 kWhthrough the conversion of high pressure sodiuniighting to LED lighting. The LED
lighting technology consumes nearly twothirds less energy and is estimated, at project completion
in 2021, to save over 3,700,000 kwWh annually. To datiine project is approximately 33 percent
completed with 2,783 LED lights already installed.

3.6 NATURAL GAS COMMODBITRANSPAORTION AND STORAGE

Natural gas is the primary fuel and the primary variable operating cost of th8tation. TheStation
can require delivery of up to 38,000decatherms (Dth of natural gas per day, with current average
daily requirements of 8,500Dth per day.

Acomprehensive natural gas progranhas been developedo mitigate the electric retail impacts of
gas supply and price volatility Thisprogram includes a gas prepayment arrangementin which a

supply of natural gascan be procuredat a discountfrom the monthly index price), as well as
forward purchases of natural gas at fixed priceplus gasstorage options.

3.6.1 M-SR Energy Authority
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Table3-5 Natural Gas Purchas®@bligations Fixed Price Hedges

YEAR 2018 2019 2020-2023 2024 2025

Decatherm per day Dth/d ay) 6,167 5,667 5,000 4,500 4,000
(Delivery Point is PG&E City Gate

Source: City of Redding

3.6.3 Natural Gas Transportation

In order to provide for the transportation and delivery of purchased natural gasCORentered into

an agreement to purchase 7,500 Dth/dy of natural gas pipeline capacity in four segments
connecting the AECO supply hulnd natural gas storage operation located in Alberta, Cangda
California (at the PG&E Citygate) from TransCanada affiliates and PG&E. The contractual obligation
for three of the segments expired on October 31, 2015 heremaining contractual obligation for

the fourth segment expires on October 31, 2023ut shipping rights for this segmenthave been
assignedto a third party for the remainder of the contract period

3.6.4 Natural GasStorage

To further manage seasonalweather, and price volatility,a contract has been executetbr natural
gas storage within northern Californiasince 2004 In 2010, under a 28year term contract, COR
commenced utilizing storage rightsat Gill RanchStorage
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4.0 Energy and Demand Forecast

Afundamentd element of an IRP analysis is the development of the lotgrm (2018-2037) system
peak demand and energyorecasts. The forecastresults in a projection ofthe capacity and energy
requirements on thesystem that the utility must plan to meet through self-owned generationor
purchasearrangements.

Sufficientcapacity must be securedo cover projected peak annual demand as well as reserve
requirements. Reserves are an amount over and above the projected system peak that ught will
plan to maintain in the event that the forecasted demand is higher than anticipated due to extreme
weather conditions or higher than expected load growth, or in the event that capacity resources are
not available due to a forced outage, a transmission line failure, on@ther unexpected event.A
planning reserve margin of 15 percentis usedin planning based on the requirement set forttior

the region by the North American Electric Reliability Council (NERG)

4.1 HISTORICANERGYSEAND PEAK DEMAND

Electricity demand exhbits strong seasonal trends, with peak energyequirements driven by air-
conditioning usein the summer months and minimum energy us&ormally occurring during the
spring and fall seasons. Demand levels during the summer also tend to exhibit a greateityda
variation in load. The seasonal variability is demonstrated irFigure 4-1, whichdisplays the
monthly average energy sales for the period of 2@BLthrough 2017.

Figured-1 5-YearAverageMonthly Energy Saleand Peak Deman¢0132017)

8 System level Resource Adequacy (RA) requirement of 15 percent above the forecast1 in 2 peak must be met
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Table4-1 lists historical data overthe past five Fiscal Years. The table indicat¢hat the combined
peak customer demand during the 2013-2017 period reached a maximum of 248 MW in 2014 and
was 231.0 MW in 2017
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4.2 FORECAST METHODOLASY ASSUMPTIONS

The loadforecastfor the IRP planning period wasdeveloped by tron; it developsfuture projections
of energy salesand peak demandbased onthe historical relationship with various socioeconomic
factorsand temperature dataasdescribed further below.

The 2018 load forecastof energy salesand peak demand levelsvas done by end user class and
involved the following customer classes:
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Table4-2 Load Forecast Assumptions and Input Considerations

CATEGORY DESCRIPTION

Weather
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4.2.2 TheHectric VehicleForecast

For the service area the EVforecastinvolves a significant increase in the number of vehicles
through 2026. Figure 4-3 showsthe cumulative number ofEVs, includingEVsand plug-in electric
vehicles (PEVs) that are projected to increase from approximately 200 to more than 2,200 in 2026
this forecast was based on the 2016 Zero Emission Vehicle Action Plarhis rapid growth isalso a
function of the EVrebate program that went into effectin August 2017. Under thisrpgram,
commercialincentives of up to $1,@0 per vehicle plus $3,000 areavailable tocommercial
customerswho install aEVLevel 2 charger residential incentives are $1,000 plus up to $00 for
installing a Level 2 chargee. It is estimated that the cost of charging under the applicable electricity
rate equates to a cost of only $1.08/gallon of gasoline and provides an equivalent environmental
benefit to planting more than 100 full growntrees.

Figure4-3 Projected Electric Vehicles
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4.2.5 Service Area Population

An average annual growth rate (AAGR) for population of less than opercent (0.49 percent) is
projected by Itron for the forecast period compared to an AAGR of 1.13 percaxperienced
between 1990 and 2017.

4.3 FORECAST RESULTS

The peak and energy forecast results are presented in this section. Tdapacity andenergy
requirement forecast is also carried forward to the four required CEC tables Appendix A.

4.3.1 Peak and Energy Forecast

Table4-3 shows the energy and peak demand forecasburing the forecast period 018 through
2037), energy requirements for all customer classeare projected to increase from767,535 MWh
in 2018 to 804,309 MWh in 2037. For thesystem, the increaseequates to an overalgrowth of
approximately 4.8 percentover the planning horizonand anAAGRof 024 percent.

During the forecastperiod, peak demands projected to increase slightly, from a value 0228.1 MW
in 2018 to 231.2 MW in 2037, equatingto an AAGRof 0.07 percent.

4.3.2 System Load Factor

Table4-3 also indicates the projectedsystem load factor A load fatoris a measure of the
variability in utility load over time. A load factor measuregotal energy requirements on a utility
system as a percentage of the theoretical maximum energy requirements that would result if the
energy requirements at the time of peak demand were required all hours of the year.

Table4-3 summarizes for each year of the analysis the annual net energy sales forecast and peak
demand forecast foithe projected system load factor The projected system load factoremains
fairly consistent during the period of analysisranging from 38.4 percent in 2018to 39.7 percent in
2037. The slight increase in load factoand relatively flat peak demand growth rateare reasonable
and result from a combination of factors. Theseesults reflect the continuedinstallation of rooftop
solar systems by residents or commercial users, programs that may be introduced by State of
California to enhance energy efficiency measures to be incorporated into new residential housing
and commercial buildings and assumptions regarding the growth oEVsand demand response.
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Table4-3 Projected Net Energy Requirements, Peak Demand ForecastlLaad Factor

NET ENERGYREQUIREMENTS PEAK DEMAND

PERCENT PERCENT LOAD
YEAR CHANGE (%) CHANGE (%) FACTOR (%)
2017 (actual) 798,960 2.18% 2414 451% 37.8%
2018 767,535 -3.93% 2281 -5.51% 38.4%
2019 767,119 -0.05% 2273 -0.37% 38.5%
2020 766,632 -0.06% 226.7 -0.25% 38.6%
2021 763,013 -0.47% 226.2 -0.21% 38.5%
2022 761,992 -0.13% 226.0 -0.12% 38.5%
2023 762,510 0.07% 2259 -0.01% 38.5%
2024 767,096 0.60% 226.1 0.09% 38.7%
2025 768,249 0.15% 226.4 0.11% 38.7%
2026 770,535 0.30% 226.6 0.11% 38.8%
2027 773,399 0.37% 227.0 0.14% 38.9%
2028 778,734 0.69% 227.3 0.13% 39.1%
2029 780,769 0.26% 22738 0.24% 39.1%
2030 782,358 0.20% 228.0 0.10% 39.2%
2031 784,084 0.22% 228.4 0.17% 39.2%
2032 788,191 0.52% 228.8 0.17% 39.3%
2033 789,134 0.12% 229.3 0.20% 39.3%
2034 792,330 0.40% 2297 0.19% 39.4%
2035 796,280 0.50% 230.2 0.23% 39.5%
2036 802,497 0.78% 230.8 0.24% 39.7%
2037 804,309 0.23% 2312 0.19% 39.7%

AAGR 20B-2037 0.025% 0.071%

Source: City of Redding

4.4 COMPARISON TO CEREOAST

Theenergy requirementsforecastused in thisIRPand prepared byltron can be comparedo the
forecast published by theCEQn its document California Energy Demand 2022030, which is



The peak demand forecast diffesslightly in that the CEC reports dower peak demand inCOR
relative to the Itron
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5.0 Customer Programg<nergy Efficiency and Demand
Response Resources

Customer Programsgnergy efficiency,and demand response resources are an important
consideration in the development of an IRP and PUC reguitats require their considerationin
resource planning. To the extent that reasonable estimate®uld be developed the load forecast by
Itron considered past and currentefforts to reduce consumption through energy efficiency
programs and reduce GHG emigss with electrification programs. The energy requirements and
peak demand projections reflect the impact of aggressive efforts to reduce energy consumption,
system peakand GHG enssions through the multiple programs described in this section.

Promoting energy efficiency and demand response programs goes back many years and, in part, has
been fostered by the requirements of PUC 9505. Section 9505 requirBOUSs, starting in 2013, to
describe and quantify POU investment in energy efficiency and demaneduction programs; to

describe the funding for these programs; to explain the method used to estimate casffectiveness;

and to establish annual energy savings and demand reduction targets and report savings achieved.

This section compares the AdditionaRchievable Ehergy Eficiency (AAEE savingsincorporated in
the IRPassumptions andthe target establishedunder PUC Section 9505. Estimated market,
economic, and technically achievable energy efficiency savings from studies usedestablish target
savings under PUC Section 950%are also summarized

5.1 ENERGY EFFICIENGYGRAM BACKGROUND

Targets for energy efficiency programs (and established under PUC section 9505) are based on the
net market potential estimated in the Navigant study? The net market potential provides a

forecast of market potential for specific utility energy efficiency programs. The net market

potential is a subset of the total economic potential and technical potential and recognizes that not
all of the impacts tha are technically or economically achievable will be realized.

Theenergy efficiency program portfoliowas redesignedin 2016, with a launch of new programs in
2017, and continues to develop new offerings that will help achieve energy efficiency goaisothe
IRP planning period those programs are being actively promoted.

During program years 20152017, savings achieved exceeded the SB 350 targets set by the CEC
(seeFigure 5-1). In fiscal years (FY) 2018022 and 20272028, however, new ways t@achieve
savingsbeyond the PUC 950%arget must be explored New programshave been developedo help
fill this gap and have provided new ways to apply, including a new mline rebate portal and arebate
catalogscheduled to be releasedoward the end of 2018.

The AAEEsavings assumed in the IRP filing represent the difference between targets established by
CORunder PUC section 9505 and the annual target set by the PUG@ia SB350 Doubling Report.

The relationship between SBB50 targets and the AAEE required to make up the difference is shown
in Figure 5-1.

10 CMUA, POU Potential and Goals Study, March 2017http://docketpublic.energy.ca.gov/PublicD ocuniERs17
06/TN217482_2010508T153251_Appendix_B_ 20182027_Annual_Targets_All_POUs.xIsx.
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Figure5-1 Comparison of Energy Efficiency Targets and Historical Achievements

5.2 CURRENT ENERGY HBERNICY INITIATIVES
COR

Customer Programs, Energy Efficiency and Demand Response Resources
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Customer Programs, Energy Efficiency and Demand Response Resources

5-3



a significant number of customerswith Tier 1 measures, while allowing a mechanism to provide
significant dwelling upgrades tocustomers that needimprovements the most.

5.2.1.3 ResidentialShade Tree Program
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Customer Programs, Energy Efficiency and Demand Response Resources
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In 2014, EStargets adopted were 3.2 MW for 2016 and 4.4 MW for 2020. This compares to actual
achievedE Scapacity of 3.6 MW by mie2017. Due to changing load conditions (lower sales,
reduced peak growth) in the stateand service area, in October 2017t wasrecommended that the
2020 storage target should be set equal to the 2017 achieved capacity of 3.6 M\W/aintaining this
level of TES (3.6 MW) was assumed in the IRP load forecast.

AB 2227 required utilities to submit a report on progress toward adopted= Sgoals. The report,
submitted to the CEC on December 29, 20168howed adequate progreswvith regards to the goals
adopted bythe Council in 2014. Plans are in placeto continue to evaluate the potential benefits of
additional ESas part of the IRP process going forward. To date, more than $6 millidras been
expendedon the TESProgram.

5.5.2 Additional Solar and Intermittency Anasys

To evaluate the potential benefits of addindg=S Black & Veatchvas commissionedto perform a
stochastic analysis o the load and generationin order to estimate the deviation of actual hourly
load, less generation (Interchange Load)}compared to scheluled hourly Interchange Load.In the
analysis Black & Veatch also included a case where a 10 M8lar PVProject(Solar Project) was
included in
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5.6 TRANSPORTATION EIHETCATION

A number of studies have been performed and initial steps have been takiEnencourage increased
penetration of EVs. The highlights of these activities are summarized below
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6.0 The Need for Additional Resourcesid Resource Options

The developmentof the load forecast allows a comparison of capacity requirements with existing
and additional nearterm resources. The result wilhighlight the adequacy of existing and near
term additional resourcesand their ability to meet energy needs andcomply with RErequirements
during the 2018-2037 planning period; this determination will be done for a scenario that
contemplates continued operation of existing resources to meet future requirements.

Qufficient existing and nearterm capacity resourcesexist to meet its projected peak demand and
planning reserve requirements over the study period. However, additiondREresourceswill be
necessaryto meet RP 3equirements and added REresourceswill promote further GHG emission
reductions. The need for additionatenewable resources established in this section leads to the
development of severalScenarios that are modeled and presented from an economic cost aRé&
perspective in Section 8

6.1 EXISTING SYSTENPACITY BALANCE

Capacity balance is shown in Figurés-1 for the Existing SystemScenario. ThisSenario assumes no
additions to the systemare added through 2037 and reflects the expiration of the Big Horn wind
purchase after 2031

Thefigure indicates sufficient generation capacityexists to meet capacityneedsthroughout the
planning horizon; the excess generation capacity ranges from a high of 38 MW to 10 MW during the
2018-2037 planning period. (Sectior8 will present a similar capacity balance dér the preferred

plan; the figureis a simplified summary of the CRAT table included in AppendiA for the preferred
option.)
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Figure6-1

The Need for Additional Resources and Resource Options
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6.2 EXISTING SYSTENENARIO ENERGYBREREMENTS AND RENBVA
ENERGY LEVELS

Figure 6-1 providesadditional information about the adequacy of theExisting SystenScenaria
Table6-1 indicates the total generation from resourcespurchases and sales that occuunder the
Existing SystemScenario. As seen iRigure 6-2, the
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Table6-1 Existing Systenknergy Sufficiency

Annual Energy Balance of Loads and Resources

| Description | Type |2018/2019]2020 2024]2 29]z030]2
System Energy Demand ([GWE) —mmmmmmmmm 7 mmm--mmmmm
Energy from REU Units, 6Wh | |

Unit 1 NG GT 1 ] 1 1 2 1 2 2 2 3 3 2 3 3 3 3 4 4 3 3
Unit 2 NG GT 3 2 2 3 [ 5 i 7 7 B i s ] L] 11 10 11 13 10 10
Unit 3 MG GT 5 7 3 3 7 0 ) ) B 4 g 7 1 10 11 11 12 14 10 11
Unit 4 (Simple Cyele) sC ] i} i} i} i} i} i} i} ] ] 1] 1] ] 0 0 0 ] ] 1] 1]
Unit 5 (Simple Cycle) NG SC 1] 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Unit & (Simple Cycle) NG 5C [} 0 0 0 1 1 i i 1 i 1 1 1 1 1 1 1 1 1 1
1x1 [Combined Cycle 5 or 6 w)4) NG CC 191 126 148 189 185 193 189 189 180 179 180 185 174 145 178 17 149 150 157 153
21 (Incremental Combined Cycle) HE{‘.E 1: 13 Z:l 37 50 _ﬂ _:3 49 il 5-6 50 54 54 _:2 31} 33 23 215: 27 28
Whiskeytown 26 26 26 M 26
mmmm-mmmmmmmmmmm
Big Horn Wind mu 180 180 180 1BD 1800 180 180 180 180 180 180 180 153 1]
Western Hydro 201 248 248 248 248 MB 248 243 243 243 243 243 M43 243 243 243 243 243 243 243

| Total Generation from Purchases, GWh | 382 |428 [429 [428 | 428 [428 | 429 [423 | 423 [a23 | 424 [423 [423 | 396 243 | 243 | 243 | 243 [243 [ 243
Total Contracted /Installed Generation (GWh) | 623 | 597 [631 | 666 | 706 {712 | 714 | 705 | 710 ] 708 | 703 | 706 | 70z | 643 {505 | 507 | 477 | 490 |478 | 476
Market Sales (48) (47) (64) (86) (118) (119) (120) (117) (127) (124) (116) (116) (119) (104) (49) (50) (47) (47) (40) (40)
Market Purchases 193 216 199 183 175 1F0 14 18D 18 191 198 191 AWMy 245 333 333 364 364 366 369

—mmmmmmmmmmmmmmmmmm
m—mmmmmmmmmmmmmmmmmmm
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6.3 SUPPLY SIDE RESOURCHNOLOGY COSTH ANMARACTERISTICS

In consideration of theobjective of achievingow electric costs, long-term reliability ,and fuel
diversity to lower risk of dependence on a single sourca,list of multiple resource optionswere
developedto evaluate as candidates to serve futunesourceneeds. All incremental options
considered in the analysis werdREsolar or wind resources. These options are discussed further in
this section.

6.3.1 Renewable Energy

To obtain indicative REPPA pricing, several locations were selected for modelingvith alternative
price and performance estimates developed for each locatioin total, five different modeling
profiles were developedfor different solar projects representingpotential project sizes that could
be located within each region The projects are described inrable 6-2 and were sized to reflect
sample projects of differingproportions.

The solar projecsin Table 6-2 were assumed taconsist ofsingle axis tracking systems (SAT). SAT
systemstend to have better output in the late afternoms when generation isoften the most
valuable
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Existing SystemScenario) is considered to be theBase Casé&cenariq and additional scenarios are
developed around this nearterm addition to meet RPS requirements and to evaluate the economics
of additional resource options.

Table6-2 Solar Systems and Modeled Performance

PROJECT MODULE CAPACITY | CAPACITY
CAPACITY | CAPACITY FACTOR FACTOR | DEGRADATION

SITE LOCATION [MWAC] [MWDC) (DC) (AC) (ANNUAL %)

1 North CA 21.5% 27.9% 0.7%
2 ORI/CA 100 130 20.8% 27.0% 0.7%
3 Arizona 100 130 25.5% 33.1% 0.7%
4 Central Valley 20 26 23.5% 30.6% 0.7%
5 Central Valley 100 130 22.9% 29.8% 0.7%

Source: Black & Veatch

Two wind projects were also evaluated aslevelopmentswithin possible future planning Scenarios.
The wind project assumptions are shown inTable6-3. Wind projects now tend to be 100 MW or
more, So it was not realistic to model smaller wind farms. It was assumed, Wwever, that CORcould
purchase less than the full output of a largevind farm.

Wind capacity factors were derived from analysis performed for variougeographicenergy zones
as part of the California Public Utility Commission
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Table 6-3 Wind Systems and Modeled Performance

PROJECT
CAPACITY CAPACITY DEGRADATION
LOCATION [MWAC] FACTOR (AC) (ANNUAL %)
6 North CA 100 30.0% 0.0%
7 Arizona 200 30.0% 0.0%

Source: Black & Veatch
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Figure6-5 Location of Renewable Resource Proj€zndidate Units in the IRP
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6.3.1.1 Cost Assumptions

REproject costs vary depending on system sizeyear installed, andocation costs. The capital costs
provided represents an altin installed cost, or total capital expenditures (CAPEX), including EP&
owner's costs, developer fees, interconnection, financing fees, and construction interest. This total
cost is used as the capital cost when calculatirige levelized cost of energy I(COB generation. As
part of the CAPEX, Black & Veatch also assumedittimterc onnection costsfor solar and wind

would vary by size as shown inTable6-4 and Table 6-5. Actual interconnection cost will be highly
site specific. The total operating expenses, including O&M, property taxes, equipment replacement
and other administrative costsassumed in the analysisre generic and do not attempt to capture
locational differences across thearious project
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To determine the estimated cosbf 2030 projects,it was assumed that capital costs wouldecline
1 percent per year in realterms for wind and solartechnologies amidan inflationary environment
of 2.5 percent per year. The escalategchnologycosts for 2030 are shown inTable6-6 and Table
6-7 below.

Table6-6 2030 Cost Assumptions for Solar SAT Systems (Nominal$)

INTER-
CONNEE FIXED
PROJECT TION CAPITAL CAPITAL O&M FIXED O&M
CAPACITY COST COST COST COSTS ESCALATION
SITE|] LOCATION | [MWAC] ($M) [$/ KWAC] | [$/ KwDC] | [$/KWAC] (ANNUAL)

1 North CA 10 $0.64 $2,049 $1,576 $33 2.5%
2 OR/CA 100 $6.4 $1,667 $1,282 $33 2.5%
3 Arizona 100 $6.4 $1,598 $1,229 $33 2.5%
4 Central Valley 20 $1.28 $2,003 $1,541 $33 2.5%
5 Central Valley 100 $6.4 $1,829 $1,407 $33 2.5%

Source: Black & Veatch

Table6-7 2030 Cost Assumptions for Wind Syste (hominal$)

PROJECT CAPITAL FIXED 0O&M | FIXED 0&m
CAPACITY COST COSTS ESCALATION
SITE | LOCATION [MWAC] [$/ KWAC] [$/KWAC] (ANNUAL)
6 North CA 100 $1,968 $45 2.5%
7 Arizona 200 $1,794 $45 2.5%

Source: Black & Veatch

6.3.1.2 Levelized Cost of EnerdiCOE)

To model the LCOE of each of the representative projects, Black & Veatch assumed a-fhairtly
independent power producer (IPP) structure wherePP Apricing is based on the LCOE. A number of
financial incentives were incorporated into the modeling as distissed below As a tax exempt

entity, CORcannot directly use the investment tax credit, however, by contracting with an IPP
under a PPACORcan share in the tax credit through the PPA pricing.
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6.3.1.3 Financial Assumptions

The 2018 Tax Reform bill changed the federal corporate tax rate from 35 percent to 21 percent
while still allowing state income taxes to be tax deductible, resulting in the composite income taxes
for California, Arizona, and Oregoas shown below.

Table6-8 Assumed Federal and State Income Tax Rates

[ curonua | muzona | orecon |
Federal Income Tax 21% 21% 21%
State Income Tax 8.84% 6.97% 7.70%
Composite Income Tax 28.0% 26.5% 27.1%

Source: Black & Veatch

6.3.1.4 TaxCredits

The Consolidated Appropriations Act, signed in December 2015, extendie investment tax credits
(ITC) that apply to solar technologies and wind. Wingbroject owners can opt for the ITC in lieu of
the production tax credit (PTC) which was alscextended, but wind typically benefits more from PTC
at better wind sites. The credits do declineover time, as shown in Table ®. The availability of tax
credits shapes the strategy of purchasing wind and solar from private developers through a PPA
instead of selfbuilding since CORs a tax exempt.
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Table6-9 Tax Credit Assumptions

TECHNOLOGY FUTURE
(CONSTRUCTION 12/31/19 12/31/20 12/31/21 12/31/22

YEARS
START)
Solar PV 30% 26% 22% 10% 10%
Large Wind
(Estimated PTC per $9 N/A N/A N/A N/A
MWh)

Source: Black & Veatch

6.3.1.5 Accelerated Depreciation

Historically, solar and wind projectshave beenable to utilize a 5year accelerated depreciation
schedule (MACRS) that helped improve project economics. The 2018 Tax Reform bill now allows
REprojects to take 100 percent tax depreciation on the total cost of the projectin year 1. Industry
experts bdieve, while quite generous, few investors would be able to take full advantage of this new
depreciation schedule, sahe modeling in the analysis assumed &-year MACRS schedule, where
approximately 90 percent of the total capital cost would be depreciakl

6.3.1.6 Cost of Capital

IPPs have multiple methods of fundindRE projects. For modeling purposesit was assumed that
the debt/equity structure for both solar and wind projects would be asshown Table6-10. In recent
years, the cost of capital foREprojects hasdropped substantially in terms oflower interest rates
on debt as well as lower equity return requirements by investors. The debtterm was modeled for
20 years while the life of the project was 25 yearsn the analysis performed

Table6-10 Cost of Capital Assumptions for Solar and Wind

FINANCIAL FACTOR SOLAR WIND

Debt Percentage 50 60
Debt Interest Rate(percent) 4.5% 4.5%
Debt term (Years) 20 20
Economic life(Years) 25 25
Cost of equity (after tax) (percent) 10% 10%

Source: Black & Veatch

6.3.1.7 Levelized Cost of Energy

The LCOE for the renewable projects with commercial eline dates in 2020 and 2030resulting
from the input assumptions and analysisare shown in the tables below. As displayed ifable 6-11,
Table6-12, andTable 6-13, the LCOE representsvhat isassumed to bea fixed price 25year PPA.
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Renewable Energy Projects LCOE (Nominal$) 2020 COD

Table6-11 Renewable Energy Projects LCOE (Nominal$) 2020 COD

NOMINAL

PROJECT] CAPACITY] CAPITAL LCOE
TECH CAPACITY] FACTOR COST ITC OR RESULT

NOLOGY LOCATION [MWAC] (AC) [$/ KWAC] PTC | ($/MWH)
1 Solar SAT North CA 10 27.9% $1,770 30% $53
2 Solar SAT ORI/CA 100 27.0% $1,440 30% $48
3 Solar SAT Arizona 100 33.1% $1,380 30% $38
4 Solar SAT  Central Valleyl 20 30.6% $1,730 30% $48
5 Solar SAT Central Valley2 100 29.8% $1,580 30% $46
6 Wind North CA 100 30.0% $1,700 $9/MWh $60
7 Wind Arizona 200 30.0% $1,550 $9/MWh $56

Source: Black & Veatch

Table6-12 Renewable Energy Projects LCOE (Nominal$) 2030 COD

PROJECT | CAPACITY | CAPITAL NOMINAL
TECH CAPACITY | FACTOR cost | ITCOR LCOE
sITE] NoLoGY| LocATION [MWAC] (AC) [/ Kwac] | ptc | @/mwh)

1 Solar SAT North CA 27.9% $2,049 10% $85
2 Solar SAT ORI/CA 100 27.0% $1,667 10% $75
3 Solar SAT Arizona 100 33.1% $1,598 10% $59
4 Solar SAT Central Valleyl 20 30.6% $2,003 10% $76
5 Solar SAT Central Valley2 100 29.8% $1,829 10% $73
6 Wind North CA 100 33.1% $1,968 $0 $75
7 Wind Arizona 200 33.1% $1,794 $0 $70

Source: Black & Veatch

Since the ITC and PTC vary year by year, the following table shows the year by year LCOE for
projects that come online for that year, assuming construction start dates of the previous year.

The Need for Additional Resources and Resource Options 6-15



Table6-13 Project Nominal LCOE 2020 to 2030

Solar SAT  Solar SAT  Solar SAT  Solar SAT  Solar SAT wind Wind
Central Central

North CA OR/CA Arizona Valley Valley North CA Arizona
2020 $53 $48 $38 $48 $46 $60 $56
2021 $58 $52 $41 $52 $50 $70 $65
2022 $65 $57 $45 $58 $55 $70 $66
2023 $75 $66 $52 $67 $65 $71 $66
2024 $77 $67 $53 $69 $66 $71 $67
2025 $78 $69 $54 $70 $67 $72 $67
2026 $79 $70 $55 $71 $68 $72 $68
2027 $81 $71 $56 $72 $69 $73 $68
2028 $82 $72 $57 $73 $70 $73 $69
2029 $83 $73 $58 $75 $71 $74 $69
2030 $85 $75 $59 $76 $73 $75 $70

Source: Black & Veatch
Note: The above costonly includes energy; transmission is not included

6.4 ENERGY EFFICIENCY

6.4.1 Building Standards

California has continually increased the energgfficiency of new construction and appliances since
the Warren Alquist Act(Act) of 1974. These efficiency standards (Title 24)ave since been
updated to mandate Zero Net Energy (ZNE) residential new construction starting in 2020. ZNE
homes require enegy efficiency that will be achieved through implementing a high efficiency
envelope (insulation, windows, etc.), and efficient Heating, Ventilation, and Air Conditioning
(HVAC) units. The remaining energy consumption must be offset by distributed generatip
predominantly rooftop solar generation, sized so that the annual building consumption (excluding
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6.5 ENERGY STORAGE

As explained in Section 5.8;0ORhas been heavily involved in the TES market for years and has
invested more than $6 million in TES technologies.

Technology changes have led tocreasing interest in the use of batteries in the energy market.
Battery Energy Sorage Systems (BESS)which can be independent systems not linked t&Vs,can
be useful in a broad variety of gridbeneficial applications including use as a capacity resoee, for
load shifting, and frequency and voltage support.
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6.5.1 Performance and Cost Assumptions for Energy Storage

Because lithium ion batteries are widely accepted as agven technology for BESS applications, a
lithium ion battery was chosen as the technology for this analysisTable 6-14 highlights the BESS
performance parameters ugd in the IRP analysis.

Table6-14 Representative Performance Parameters for Lithium lon Battery Systems

PARAMETER LI-ION

Facility Capacity Power Rating, MW 5

Discharge Duration at Rated Capacity, hours 4

Facility Energy Rating, MWH 20

Round-Trip Efficiency, percent 85%

Estimated life, cycles ~5,000
Installed Levelized Capital Cost, $/k\Ayr2 $533

Fixed O&M Costs, $/k\Wyr $20

Variable O&M Costs, $/kWh (charge or discharge) $0.001 to 0.005
Notes:

1. Therating is based on installed project size.

2. Battery cost scales with MWh, whereas balance of plant and PCS costs te
to scale with power (MW). Because of this, installed costs tend to have a
wide array of values.

Source: Black & Veatch
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7.0 Modeling Assumptions, Tools, and Methodology
7.1 MODELING ASSUMPTIONS

7.1.1 Load forecasts
The load forecast used for the IRP analysis wasesented inTable 4-3 of Section4.0.

7.1.2 Natural Gas and Average Market Prices

For the purposes ofconomic analysisa projection of natural gas fuel prices and poweenergy
priceswere required (seeFigure 7-1, Figure 7-2, andFigure 7-3). The methods used to produce
these prices by Ascend Analytics Curve Developand PowerSimm software suite aralescribed in
Section 7.2 below.

Spot market prices for g@s and power are simulated in the PowerSimm construcTable 7-1
demonstrates the average annual simulated spot gas and power prices (meart, and 95
percentiles of the simulations)delivered to PG&E City Gate and NE5 respectively. These prices
drive model given thatCORdispatches their own units or transacts with these marketsto find the
most economic electricity supply.

Table7-1 Natural Gas and Market Energy Prices Assumed inthe IRP

SPOT NATURAL GAS PG&CG AVG ANNUAL POWERMARKET AVG CARBON ALLOWANCE

ENERGY PRICE$ PRICE$

MEAN
2018 2.72 291 3.13 35.96 40.38 45.61 14.84 14.99 15.16
2019 2.34 2.82 3.38 25.37 38.50 55.91 15.02 15.59 16.17
2020 2.28 2.80 3.39 26.25 41.36 64.10 15.25 16.23 17.31
2021 2.27 2.87 3.67 25.25 45.05 70.64 15.70 17.06 18.60
2022 2.18 2.96 3.86 26.17 47.75 74.57 17.65 18.86 20.23
2023 2.27 3.05 3.90 29.02 49.74 74.64 18.98 20.27 21.75
2024 2.12 3.16 4.34 30.93 51.59 81.67 20.40 21.79 23.38
2025 2.26 3.25 4.61 30.83 53.87 83.02 21.93 23.43 25.14
2026 2.27 3.34 4.71 31.66 55.76 86.98 23.57 25.18 27.02
2027 2.04 3.42 5.27 35.24 57.73 91.15 25.34 27.07 29.05
2028 1.98 3.51 5.59 35.17 59.78 93.66 27.24 29.10 31.23
2029 2.25 3.59 5.55 38.30 61.94 90.38 29.29 31.29 33.57
2030 191 3.68 5.77 37.64 64.21 100.48 31.48 33.63 36.08
2031 1.89 3.81 6.83 36.04 66.57 117.45 33.84 36.15 38.79
2032 2.02 3.90 6.83 38.81 69.07 115.55 36.38 38.87 41.70
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SPOT NATURAL GAS PG&CG AVG ANNUAL POWERMARKET AVG CARBON ALLOWANCE

$ ENERGY PRICE$ PRICE$
YEAR MEAN
2033 2.05 4.00 6.52 42.49 71.69 111.11 39.11 41.78 44.83
2034 1.95 4.10 7.03 39.63 74.41 121.38 42.04 44.91 48.19
2035 2.04 4.20 8.55 44.99 77.31 123.11 45.20 48.28 51.80
2036 2.04 4.31 8.24 48.73 80.34 123.41 48.59 51.90 55.69
2037 1.95 4.41 7.76 51.97 83.56 126.09 52.23 55.80 59.87

*The Average Market Energy Price data in the last three columns are average annual hourly values.

Source: Black & Veatch
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As reported in Table 7-1, these prices are annual equivalentsr averages for the stated year. When
performing the economic analysis of this report, the actual anadjs prices used were hourly, on/off
peak, daily,or monthly as was appropriate and included the natural gas market, electric power
market (NP15, COB)and California Carbon Allowance (CCA) market.

7.1.3 Discount Rate

The analysis utilized a 2.5 percent discounate. This discount rate was applied to future costs and
revenues to determine estimated future net costs of serving loaoh a net present value basis.

7.2 ASCEND ANALYTICSNINING SUITE
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economic assessments of potential candidate plans,is sufficientto compare the gstem annual
mean cost and the annual risk mium together.

Additional information on CurveDev and
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8.0 Evaluation and Results

In this section, the economic analysis performetbr the system is described. In general, the
analysis is aimed at minimizing system costs
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market purchases are preferable to plans with higher market purchases, all other factors being
equal. Details about the modeling approach used to derive the CPV&& included in Section 8.2.

8.2 SCENARIO ANALYSIS

In the IRP, the CPWCs of several compegj Scenarioswere determined. A Scenario included one or
more of sevenpotential solar and wind projects, first developed in Section havingthe
specificationssummarizedin Table8-1. The selecton of projects listed inTable8-1 was based on
the understanding from Section 6that additional renewable resourceswill be required.

A total of eight Scenarios were evaluated through detailed modelinghese consisted of théxisting
SystemScenario {dentified as Scenario ¢ plussevenScenarios that involved addingREresources
Thevarious Scenarios evaluated ardisplayed in Table 8-2, which also lists the specific projects
from comprising eachScenaria
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Table8-1 RPS Project Definitions

_ PROJECT 1 | PROJECT2 | PROJECT 3] PROJECT 4 PROJECT 5§ PROJECT o PROJECT 7

Name Local PV NorCal/OR AZ PV CVPV 1 CV P2 NorCal/ AZ Wind
w/Bat PV ORWind
Location Local OR/NorCal Arizona Central Central OR/ Arizona
Valley Valley NorCal

Type PV PV PV PV PV Wind Wind

Capacity (MW) 10 100 100 20 100 100 200

Scalable No Yes Yes No Yes Yes Yes

AC Capacity 27.9% 27.0% 33.1% 30.6% 29.8% 30.0% 30.0%

Factor (%)

Annual Energy 24,440 236,520 289,956 53,611 261,048 262,800 525,600

(MWh)

Annual 0.70% 0.70% 0.70% 0.70% 0.70% 0.00% 0.00%

Degradation (%)

Energy Storage? Yes Not Not Not Not Not Not

(Yes/No/Maybe) included included included included included included

ES Capacity (MW 2.50 Not Not Not Not Not Not
included included included included included included

ES Duration (Hrs) 4 Not Not Not Not Not Not
included included included included included included

Transmission None To COTP, To CAISO, NP26, To CAISO, To COTP, To CAISO,

Requirements WAPA WAPA WAPA WAPA WAPA WAPA

LMP Market NP15 NP15 Palo Verde ZP26 SP15 NP15 Palo Verde

Location (To

Value)

Transmission & $0.000 $2.258 $3.137 $0.000 $0.000 $2.258 $3.137

VERBS Costs
(2018-$/kwW/mo)

Transmission $0.000 $0.000 $11.221 $11.221 $11.221 $0.000 $11.221
Costs (2018

$/MWh)

Transmission 5.00% 4.00% 4.00% 4.00% 5.00% 4.00%

Escalation Rate

Source: Black & Veatch
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Table8-2 IRP Scenariand Projects

SCENARIO PROJECT 1:] PROJECT 2:] PROJECT 3:] PROJECT 4:] PROJECT 5:§ PROJECT 6:] PROJECT 7:
NAME PV PV PV PV PV WIND WIND

A) Base Case MW: 10

Start: 2021
MWh/yr:
24,440
LCOE$58
B) Balanced MW: 10 MW: 30 MW: 20 MW: 70
Mix Start: 2021 Start: 2028 Start: 2026 Start: 2032
MWh/yr: MWh/yr: MWh/yr: MWh/yr:
24,440 86,987 53,611 183,960
LCOE$58 LCOES$57 LCOES$71 LCOES$76
C) Balanced MW: 10 MW: 30 MW: 25 MW: 70
Mix-Alternate  Start: 2021 Start; 2029 Start: 2026 Start: 2032
MWh/yr: MWh/yr: MWh/yr: MWh/yr:
24,440 70,956 65,262 183,960
LCOE$58 LCOES$73 LCOE$68 LCOES$72
D) Heavy MW: 10 MW: 85
Wind Start: 2021 Start: 2026
MWh/yr: MWh/yr:
24,440 223,380
LCOE$58 LCOE$68
E) Heavy
Wind
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8.3 CONSOLIDATED RESULTS

The consolidated CPWC results for the Scenasi evaluated are showrnn Table8-3. Tofacilitate
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and reaches1 percent in 2030. Nevertheless, the drawback of Scenario E is one of economics, as it
achieves the favorabldREcharacteristics at a cost that is 6.5 percent higher than the least cost
Scenario D.

In least cost planning studies, it is common to consider a CPWC difference between two plans to be
in the 1.5 percent to 2.5 percent range The uncertainties involved in the SB 350 IRPs arguably
increases this rangeand a CPWC difference of 2.0 percent to 3.0 percent caasonably be
considered within the margin of error. As a result, it can be concluded that tiREbenefits of
Scenario E are obtained at a significantly higher cost than the plan having the lowest CPWC
(Scenario D). The issue, therefore, is whether a ph could be developed that better balanced cost
and environmental benefits. The plan meeting these aimstise preferred plan, Scenario H.
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Table8-3 Heat Diagram of Scenario CPWC and RE Results

CPWC Summary

ScenarioB  Bal Mix of Wind/Solar

Evaluation ad Results

CPWC
CPWC| %
Description ($1,000)| Higher
Base Cai' Base Case (with local solar on| 583,833
Scenario Balanced Mix of Wind/Sol

2030
Renew

able, % of

Retail Sales

Intermediate

Milestones
for RE Met?

Avg. RE

20182030

Achieving RE Balance

RE from RE from| RE from

18%
11%
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8.4 DETAILERESULTS OF THE PRRHD EXPANSION PLAN

8.4.1 Capacityand EnergyAdequacy ofScenarioH

Capacity balance for the preferred Scenario H expansion plan is shownhkigure 8-1. Thisfigure is
organized in the same manner as was done for tiexisting SystenScenario in Section 6.

As seen at theop of Figure 8-1 and Figure 8-2, existing sufficient resources andgeneration capacity
are expectedto meet energy needs throughout the planning horizonunder Scenario H. Thexcess
generation capacity ranges froni8 MW in 2018 to 43 MW in 2034 the planning period, once theRE
projects are stated in terms of their firm capacity

Table 84, Figure 8-1, andFigure 8-2 reflect the addition of three renewable projects, the 2021

Solar Project (rated at 10 MW of which 3.5 MW is firm), a second solar project in 2026 having a firm
output of 21 MW, and a 2034vind project having a firm output of 7 MW.The information in this

table issimplified but reflects the comprehensiveCRAT table inalded in Appendix A.

Table8-4 and Figure 8-2 shows how the energy requirements will be met under Scenario Kinder
the recommended plan, the 1x1 and 2x1 combined cycle projects are the only two generating units
producing a significant anount of energy at the Station while all REprojects are actively producing
energy consumed by customers or sold into the market. Due to this market interaction, net sales
are projectedinto the market starting in 2026 and for several of the subsequenteaars in planning
period. Itis seen in the table that the final tw&Eprojects coming online in 2026 and 2034 are
important contributors to the energy balance as soon as they go into commercial operation.
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Table8-4 Energy Balance in the Preferred Expansion Plan, ScenarioH

Annual Energy Balance of Loads and Resources

Description

-

Unit 1 NGGT 1 [1] 1 1 1 2 2 1 I z 2 I 1 1 1
Unit 2 NGGT 3 2 2 3 ﬁ 5 (] 6 6 ﬁ ﬂ «i ? 6 7 ] 5 5 4 4
Unit 3 NGGT 3 2 3 3 6 3 7 7 & 6 7 3 7 7 T 7 3 & 4 4
Unit4 (Simple Cycle) 5C 0 1] 0 0 [1] 0 0 0 0 1] 0 0 0 0 0 0 1] o 0 1]
Unit5 (Simple Cycle) NGECH K0S EOE Fod vl B Bl S i R B R R ) B e i Rl
Unit & [Simple E}rd.e] NGSC 0 [1] 1] ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1
1x1 (Combined Cycle 5 or 6 w/4) NGCC 191 126 148 168 184 191 187 1B7 174 172 173 179 169 138 167 167 121 135 125 125
2¢1  (Incremental Comined Cycle) NGCC 15 13 22 40 53 55 57 (53 52 53 4 48 55 #B £ #H 45 51 4T 4
Whiskeytown Hydro 26 26 26 26 26 26 26 26 26 26 27 26 26 26 26 26 26 26 26 26
Big Hom Wind 180 180 180 180 180 180 180 180 180 180 180 180 180 133 O 0 0 0 0 0
Western Hydro 201 248 248 248 248 248 248 243 243 243 M43 M43 243 243 M43 M3 243 243 M3 243
Local PV Solar 0 0 0 24 24 24 24 24 24 23 23 23 23 23 23 22 2 22 22 22
CYPY Solar U 'I:* ﬂ ﬂ B ﬂ l} lJ 155 lﬁi 151 152 151 150 149 148 147 146 145 144
Hnrcll 0 0 17 176 177 176
_EEIE'.IIIEIIEI--EEI-EEI
Micke el (8) (47) (64) (97) (130) (131) (132) (126) (214) (212) (201) (201) (205) (178) (112) (114) (178) (188) (173) (170)
Market Purchases 193 216 199 167 161 157 180 167 115 118 117 117 123 165 232 235 177 172 180 182
NetMarketPurchases(GWh) |  J144J170 [135[ 71 [32 26 [ 29 [39 [(99)| o9 |en](en|(82)|(13)[120 [121 | (1) [(16)| 8 | 13 |
Net System Energy (GWB) | 768 | 767 | 767 | 763 | 763 | 763 | 768 | 769 | 771 | 775 | 780 | 781 | 783 | 785 | 789 | 790 | 793 | 797 | 803 | 805 |

Evaluation and Results
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8.4.2 Renewable Energy anGHG Emissionsf Scenario H

The addition of three REprojects in the recommended expansion plan, Scenario Hsults in the
ability to meet the RPS requirments. This is shown irFigure 8-3 that reports the REoutlook
during the 2018 through 2037 planning period.

As seen in the figure Scenario Hemains at or abovethe goalin all years with the allowances of
banking RECs Importantly, the figure shows that Scenario Hnaintains a positive REC balance over
the entire planning period, meaning that, on the whole, the plan exceeds the cumulatiR&credits
during the planning horizon and never goes into a cumulative REC deficitamy year during the
2018-2037 planning horizon.

Figure 8-4 shows a projection of the GHG emissions in the form of MT&Qluring the planning
horizon for the preferred expansion plan, Scenario H. Under this plan, there would 88,335
MTCQe in 2030. This level of emissions ibelow the high target of 101,000 in the CARBaff
recommendations for the CORalthough it is above the 57,000 MTCee set as the lover end of the
targeted range).

8.4.3 The Detailed CPWC Sheet for Scenario H

Table 83 presented the CPWC of all Scenarios. The CPWC shown for&@aei was $580,966000.
In Table 88, the derivation of the Scenario H CPWE€shown by year and by the components that
contribute to the CPWC of all plans.

At the top of Table 8-5, information about the addition of new renewable projects isisted. The

project list for Scenario H includes the 10 MW local PV project added in 2021, the 60 MW PV project
in 2026, and the 65 MW wind project added in 2034 (all MW ratings are maximum plant output
ratings, reductions are made to arrive at the firmatings used in the capacity balance). The first

year production and levelized cost of energy (LCOE) is also listed in this portion of the table.

Below the input section inTable 8-5 are the yearly cost and revenue components that comprise the
annual costs. The categories include supply costs related to sgéneration plus power purchase
costs (from PPAs and the spot market) and wholesale sales revenue earned fronesanto the

market. The Total System Cost listed as a column heading includes the net cost once supply costs
and wholesale sales are taken into account. Thus, in 2018, the Total System Cost is $35.5 million.
Overtime, the Total System Costs for eaclear trend upward, although there are years in which
significant market revenues results in a decrease fromthe previous year (see for example, the year
2031). Inthe final year of the planning horizon, the 2037 Total System Cost is projected to be $47.1
million.

To derive the CPWC of Scenario H, the Total System Cost for each year is discounted to 2018 at the
assumed 2.5 percent discount rate and summed. By the end of the planning horizon, the CPWC of
Scenario H is $580.966 million as seen in the bottonf the CPW@olumn in Table8-5 and as also
reported in Table 83.

8.4.4 Additional Discussion of Merits, Scenario H

Section 83 explained the development of the competin§cenariosconsideredand the rationale for
selecting Scenario H as the preferred option. Some additional discussion of 8eenario Hmerits is
provided in this section.

While the CEC Guidelines only require thieiture planning studies to extend to 2030¢consideration
of additional years beyond 2030 were encouragedA 20-year plan that has the benefit of
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measuring the relative merits ofvarious Scenarios beyond the next 12 years until 2030. While the
2037 difference in CPWC between Scenario H and the deaost option Scenario D from Table &,

is 2.8 percent, at the 2030 mark, the differenceis only 2.1 percent and well within the range of
uncertainty (while there is no definitive rule,in this analysis, CPWC results within no more than 2
to 3 percent ae considered to be insignificant differencedetween plang. Thus, the CPWC results
should be interpreted as showing that, while Scenario D is lower in absolute CPWC, the difference
with Scenario H is on the margin of insignificance anghile the CPWC ign important factor in plan
selection, additionalnon-economic factors play aital role in the selection of the preferred

Scenaria

Scenario H is quite flexible in that, following the first resource addition in 2021 (commonto all
plans), projects are |lgered in over a 20year period, with the next project expected to be
operational in 2026, which brings the following benefits:
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maintain RPS compliance after 2039. In coratst, Scenario H is above 5percent in each of the final
four years (2034-2037) and meetsongoing RPS requirements in 2038 and beyond.

In summary, Scenario H is expected to have a slightly higher cost than Scenarib@yever, it
carries lessexposureto extreme market conditions brings lessregulatory risk, provides better
hourly production, and exhibits more resourcediversity , thus meeting portfolio objectives
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Figure8-3 Renewable Energy and RB@equacy in the Preferred Expansion Plan, Scenario H
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Table8-5

Detailed CPWC Results for the Preferred Expansion Plan, Scenario H

COR V11 Scenario H Mean Results

| Desc: Optimized Balanced Mix |
Portfolio Size (MW) First Year
Economic and Financial Paramete Local PV w/Bat 10 2021
CPW Discount Rate: 2.5% NorCal/OR PV
Base Year for CPW $: 2018 AZP
Westland P
CV P 60 2026
NorCal/OR Wind 65 2034
AZ Wing
Supply Cost Wholesale Sales
System REU Risk and Total REU Wind Generatio
Transmitted Cost of Sup-Generation Hydro Wind Import  Purchase +Generatio Sales Sales Export
Year Energy ply Energy  Costs Costs Costs Costs  Production Revenue| Revenue| Revenue| Revenue
GWh ($1,000) ($1,000) ($1,000) ($1,000) ($1,000) ($1,000) ($1,000) [ ($1,000) | ($1,000) | ($1,000)
2018 767.535 25,503 10,251 4,973 12,239 7,936 60,901 10,561 7,379 5,272 2,178
2019 767.119 24,411 7,054 6,525 12,239 8,909 59,138 7,217 8,523 5,026 1,883
2020 766.632 26,082 8,398 6,788 12,265 8,673 62,206 8,875 9,086 5,478 2,705
2021 763.013 28,227 10,298 7,061 13,507 8,030 67,124 11,286 9,724 7,253 4,425
2022  761.992 29,596 12,496 7,346 13,498 8,286 71,222 14,816 10,247 7,604 7,017
2023 762.510 30,646 13,419 7,642 13,489 9,480 74,676 15,817 10,539 7,855 7,337
2024  767.096 31,690 13,842 7,950 13,509 9,710 76,701 17,128 10,674 8,089 7,981
2025 768.249 32,901 14,180 8,270 13,472 10,713 79,536 18,771 11,150 8,355 8,818
2026  770.535 33,848 13,665 8,603 26,418 9,654 92,188 19,234 11,303 15,315 13,789
2027  773.399 34,785 13,915 8,950 26,414 9,581 93,645 20,329 11,582 15,641 14,364
2028 778.734 35,897 14,153 9,310 26,472 12,050 97,882 19,612 11,838 16,005 13,603
2029 780.769 36,894 15,090 9,685 26,414 12,365 100,449 20,050 12,247 16,360 13,720
2030 782.358 37,897 15,478 10,075 26,420 13,522 103,391 21,901 12,145 16,705 15,001
2031 784.084 38,917 13,482 10,481 23,663 11,895 98,438 24,517 13,203 15,689 16,398
2032 788.191 40,085 15,846 10,903 14,235 17,429 98,499 24,411 13,222 9,172 10,779
2033 789.134 41,143 16,279 11,343 14,217 18,957 101,938 24,413 13,239 9,391 10,512
2034 792.330 42,320 13,158 11,799 32,393 14,010 113,681 24,901 14,097 18,991 18,089
2035 796.280 43,553 14,871 12,275 32,599 15,947 119,245 25,844 13,811 19,435 18,401
2036 802.497 44,988 14,220 12,769 32,885 17,108 121,970 24,429 14,301 19,911 17,188
2037 804.309 46,245 14,388 13,284 33,046 17,601 124,564 24,909 14,822 20,304 17,392
NPV: 549,144 207,150 143,615 320,874 186,047 1,406,830 290,366 181,805 187,835 165,858

1stYr Energg  LCOE
(MWh) ($/MWh)

24,440 $ 58.00

156,629 $ 68.00
170,820 $ 77.08
Total Present
System Worth
Cost Cost
($1,000) | ($1,000)
35,512 35,512
36,488 35,598
36,061 34,324
34,436 31,978
31,538 28,572
33,128 29,281
32,830 28,309
32,442 27,293
32,548 26,714
31,730 25,407
36,824 28,767
38,071 29,015
37,640 27,987
28,631 20,770
40,915 28,957
44,383 30,645
37,603 25,330
41,753 27,440
46,141 29,584
47,136 29,485
580,966 580,966

Cumulative
Present
Worth
Cost
($1,000)
35,512
71,110
105,434
137,411
165,983
195,264
223,573
250,866
277,579
302,986
331,753
360,769
388,756
409,525
438,482
469,127
494,457
521,897
551,481
580,966

580,966
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8.5 SENSITIVITY CASES

As discussedoreviously in Section 8, the PowerSimm Resources Planning Suite, developed by
Ascend Analytics, was used to evaluate alternative resource additions to the portfolio that satisfy
RPS requirements.PowerSimm employs a probabilistic approach invhich the modeling results for
a single Scenario include a range of possible outcomes basedagjitations of input variables subject
to uncertainty and for which correlated probability distributions are generated for the input. This
method results in more than single deterministic output variables, buprobability distributions on

all the key output variables. This means that multiple, single variable sensitivity runs are not
needed to understand the impact of uncertainty in one or more key input variables:or example,
regarding fuel prices, the CPWC results reported irigure 7-2 are based on randonmexpecteddraws
of fuel prices, correlated with randomexpecteddraws of other input variable, resulting in a 95
percent to 5 percent probability distribution range on theoutput variables. This means that fuel
prices selected in the randonexpecteddraws are within a band expected to include the maximum
fuel price 95 percent of the time and the low fuel price is not expected to go below the low fuel price
more than 5 percent of the time. The results reported in this section are based on the mean results
of all runs resulting from multiple draws on the stochastic input variables and simulated by the
model.

8.6 RETAIL RATEEND THE PREFERREBANSION PLAN

Forecastsproject power portfolio costs to increase by approximately $20million (nominal) from
2018-2037, or 2.25percentannually (less tha 1 percentwhen adjusted for inflation). Of this $20
million, approximately $15 million is due to the following power purchases relad to
environmental compliance:
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8.7 THE PREFERRED PINAGIONSIDERATIONERMFTUREONDITIONS AND
RISIS

Anumber of factorscouldemergein the energy industry,or in the economy, that could impose
new conditionsor risks not contemplatedin this SB 350based analysis. Someof thesefactors
include new legislation and regulationsthat impact utility operation and could includethe
following:
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8.8 THE PREFERRED PLANMZONSIDERATIONL@ECALIZED AIR
POLLUTANTS AND DIS/ADITAGED COMMUNITIES

CORs not aware of any officially designated disadvantaged communities in its service territory.
Nevertheless, there arenany areas served thatare considered low income. To help serve the needs
of low-income groups,the following strategies are utilized to maximize education and participation
of low-income customers in theLow-Income Energy Efficiency ProgranfLIEEP) program.

Program policies are specifically designed to facilitate coordination with the PG&E Energy Savings
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Figure8-8 Cal Enviro Disadvantaged Communities Map
This figure was created by CalEnviro. For more detaild)jsit//oehha.ca.gov/calenviroscreeh

15 Red represents the most disadvantaged communities while green represents the ndisadvantaged
communities.
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9.0 Conclusions and Recommendé&ckpansion Plan

This Report discussed the development of thtRPand presented the results. The IRP was

developed to benefit and create value for customers and to deliver exceptional services through the
strength and dedication of its employees. This overriding objective is achieved by providing
reliable and safeservice at low (costconscious) rates, while complying with environmental

mandates and objectives.

The development ofthe IRP took over one year and was the result of collaborative efforts I§OR
staff, Black & Veatchtron, Ascend Analyticsand Stakehobers. Customershad important input

and played a vital role inthe planning process. As a result, the recommend&tenariois

considered to be a plan that balances many different views and perspectives, and is also a robust
plan that will provide low costs, flexibility, environmental compliance, and manageable risks over
the 2018-2037 planning period. This Report is designedo be a guiding document, not a
procurement plan.

The recommendedScenariois identified in this report as Scenario H. This plan features the
addition of the 10 MW (maximum rating, not firm) localSolar Projectin 2021, followed by an
additional 60 MW ofsolar capacity in 2026, and a 6MW wind facility in 2034. This plan is low
cost
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Appendix A. CEC Standardized Tables the Adopted
Resource Scenario

The CEC Guidelingsquire four standardized tablesto be part of the RP Filing. The standardized
tables presented in this Appendix for the recommended Scenario H aas follows:
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State of California
California Energy Commission

Standardized Reporting Tables for Public Owned Utility IRP Filing

Administrative Information
Form CEC 113 {May 2017)

Name of Publicly Owned Utility (" POU")
HName of Resource PMlanning Coordinator

City of Redding

Name of Scenario

ScenarioH

Persons who prepared Tables
Mame:

Title:

E-mail:
Telephone:
Address:
Address 2:

City:

State:

Zipe

Drate Completed:
Drate Updated:

Back-up f Additional Contact Persons far
Questions about these Tables [Optional):
Name:

Title:

E-mail:

Telephone:

Address

Address 2:

City:

State:

Zipe

CRAT

EnergyBalance Table

Emissions Table

RPS5 Table

Application for Confidentiality

Steven B Handy

Steven B Handy

Steven B Handy

Steven B Handy

Utility Resource Planner

Utility Resource Planner

Utility Resource Planner

Utlity Resource Planner

5303397308

530-339-7308

530-339-7208

530-335-7200

3611 Avtech Parkway

3611 Avtech Parkway

3611 Avtech Parkway

3611 Avtech Paroway

Redding Redding Redding Redding
CA CA CA CA
56002 56002 26002

Brian Schinstock

Brian Schinstock

Brian Schinstock

Brian Schinstock

Utility Resource Planner

Utility Resource Planner

Utility Resource Planner

Utlity Resource Planner

530-333-7344

530-333-7344

530-339-7344

530-339-7344

3611 Avtech Parkway

3611 Avtech Parkwiay

3611 Avtech Paroway

3611 Avtech Padoway

Redding Redding Redding Redding
ca Ca Ca ca
96002 96002 SE002 96002
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State of California
California Energy Commission
standardized Reporting Tables for Public Gwned Utility IRP Filing
RPS Procurement Table
Form CEC 112 (May 2017)

Scenario Name: Data input by User are in dark green font.
Beginning balances  Units = Mwh
Start of 2017 Compliance Period 3 Compliance Period 4 Compliance Period 5 Compliance Period 6
RPS ENERGY REQUIREMENT CALCULATIONS 2017 2018 2019 2020 2021 2022 2023 2025 2026 2027 2028 2029 2030
1 Annual Retail sales to end-use customers {accounting for AAEE impacts) (From EBT) 728,806 | 689,158 | 696,626 | 604,443 694,401 | 694,010 | 694,759 | 697,848 701,978 | 704,347 | 707,297 710,693 | 715915 | 717,462
2 Green pricing program Exclusion, {may include other exclusions like self generation exclusion)
3 Soft target (%) 27.00%]  29.00%] 3100%]  33.00% 34.75%| 36.50%|  38.25% aL67%|  43.33%[  45.00% 26.67%|  4833%|  50.00%
4 Required procurement for com pliance period 841,753 1,039,502 i 915,991 1,036,413
Category0, 1 and 2 Resources (bundled with RECs
6 RPS-eligible energy procured {copied from EBT) 108,303 | 200753 | 212,442 236,506 | 235493 ] 391,289 386,564
6A Amount of energy applied to procurement obligation 365128 | 0 215954 | 260,671 253,314 | 265745 292,514 | 305103 358,731
7 Net purchases of Category 0, 1and 2 RECs 0 0 0 0 0 0 0 0 0 0 0
7A Excess balance and REC purchases applied to procurement obligation 0 0 0 0 0 0 0
3 Net change in balance/carryover (RECs and RPS-eligible energy} (6+7-6A-7A) (166,735) | 200,753 | (3,512) | (47,763} (16,717) | (29.252) | (42,385) (565566)
Category 3 Resources (unbundled RECs
9 Excess balance at beginning/end of compliance period
10 Net purchases of Category 3 RECs
11 Excess balance and REC purchases appliedto procurement obligation
12 Net change in REC balance
13 Total generation plus RECs (all Categories) applied to procurement requirement (6A + 74 + 11)

Overfunder procurem ent for compliance period (13 - 4) [ o ] [ o ] [ o |

Appendix A A-6



Appendix B. Stakeholder Feedbackorm Results

IRP PUBLIC SURVEY RESULTS

22318
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Appendix C. Intermittency Analysis

Black & Veatch completed a stochastic analysis GDR
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FigureG1

FigureG2

Appendix C

January 7a.m. Stochastic Load Distribution

January 7a.m. Stochastic Generation Distribution
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Figure G3 and Figure & illustrate representative 95 percent confidence intervals for the actual
versus scheduled Net Load; the 95 percent confidence interval for January 7 a.m. Net Load has been
included.

Figure €3 January 7a.m. Load less Generation Deviation from Schedule

In comparing the stochastic Net Load deviation from schedule with and without the addition of the
Solar Project, in general Black & Veatch found that there was very limited difference between the
95% confidence intervals for each cas&igure G4 comparesthe 95% confidence intervals for Net
Load with and with and without inclusion of the SolarProjectin July; this month was selected as it
is a period of high solar generation where it would be expected that the addition of solar would
have more influence o the Net Load deviation from schedule.
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Figure &4 July Net Load Deviation with and withow#olar ProjecGeneration

It can be seen that across the day there is very limited difference between the 95% confidence
intervals for Net Load with and with andwithout inclusion of the SolarProject. Very similar results
were seen in the other months of the year; charts for each month are included in Attachment B.

Black & Veatch suggests that a next step could be to schedule a call to discuss the results abule a
any further analysis whichCORwould like to complete. Some further analysis which could be
completed could include:
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Attachment A:Solar ProjectGeneration Data
INTRODUCTION

Black & Veatch developed a representative historical solar energy production profile fora 10 MW
PV plant located in Redding, CA. The historical production was simulated at a sudwrly level with
5-min time steps for the perod of 2014-2017.

SOLAR RESOURCE ASHEST

The historical ground solar resource data accessed in this study is from the US Climate Reference
Network (CRN) site located near Redding, CA. The CRN station location is located 20 miles NW of
Redding Airport (representative project location) at an elevation of approximately 1440 feet. The
US CRN sites measure high quality observations of several meteorological parameters including
solar radiation, ambient temperature, wind speed, precipitation etc., at-Eninute intervals. The
measured data has been processed for any errors and the quality controlled data was used for the
purposes of this study.

USCRN DATA OBSERYANTAND CORRECTIONS

Due to the high elevation of the Redding USCRN location, measured data obtawed reviewed to
ensure its compatibility for robust solar energy simulation use. To assess the suitability of solar
irradiance data from the CRN location, Black & Veatch compared long term satellite based GHI
irradiance for Redding Airport site against theGHI obtained from US CRN site. Lottigrm trends
appeared to be very similar at both these locations. Based on our review of the Redding CRN data
the following trends were observed,
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System Type and Location

FixedTilt
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Attachment B:Stochastic Model Results

The stochastic model results comparing the 95% confidence intervals for Net Load with and with
and without inclusion of the Sola Projectfor each month are summarized in the figures below.
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Appendix D. Ascend Analytics Methodology

FORWARD PRICING

PowerSimm simultaneously simulates multiple strips of forward curves into the future where
parameters for the stochastigrocesses and the covariate factors are estimated from historic data.
PowerSimm builds a system of simultaneous equations that captures the stochastic component of
each individual forward contract and the covariate relationship between neighboring contrec
months, other commodities, and other factors (such as interest rates and exchange rates). The
state-space modeling framework satisfies the criteria for developing a Cash Flow at Risk solution by
producing simulations of prices that are realistic, benchm& well to historic data, and produce a
payoff of cash flows consistent with market option quotes at multiple strike prices. The consistency
of simulated prices with market expectations remains the principal benchmark criteria for forward
market simulations.

Forward contracts may have institutionally determined and specified drift terms. The drift term is a
percent change from the current forward price to the final evolved forward price. For example, a
forward contract with a current price of $50 and a drit of 10% would have a final evolved price of
$55.

As a base simulation assumption, PowerSimm creates convergence between the initial forward
price and the final forward price. This is the equivalent of a zero drift term. Even with a very limited
number ofassumptions the convergence criteria of &=Fr will be satisfied.

The process flow for forward price simulation is shown in Figure EL.

Figure D1 Forward Price Simulation Process
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Input Data

PowerSimm requires a history of forward price quotes for eachelivery month to simulate market
prices into the future. A minimum of 30 transaction dates for each delivery date is required for
forward curve simulation.

PowerSimm has the ability to weight the historic data used in the parameter estimation process to
give more weight to more recent events or reduce the impact of outlier events. The default historic
weighting formula for forward market data used for parameter estimation follows a linearly
declining function. It provides a weight of 1095 for the most recat observation, 1094 for the
second most recent, and so on, until it reaches a value of 365 (which corresponds to three years).
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Figure B2 Joint relationship of daily reserve margins and gas prices to electric prices

Simulation of spot electricity prices includes three key components:

1. Simulation of the uncertainty in the parameter estimates and the covariate relationship of
uncertainty in the parameter estimate;

2. Simulation of the exogenous variable through a series of simultaneous vector auto
regressive equations;

3. Simulation of residual error.

Variables describing the supply stack, such as the percentage of gas fired generation were
determined to be statistically insignificant and were removed from the model.

The simulated values for price are conditional upon the patldependent weathe and load
simulations. The mean or median of the realized daily epeak and offpeak spot prices are
bucketed into monthly time steps and scaled so that the mean is equal to the monthly forward
price.

Spot electric prices are typically simulated once a vek, as new utility and system load values
become available. The job management system oversees the appropriate execution of the
simulations by way of the Process Flow Editor in the PowerSimm Ul.
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Process Flow

The process flow for simulation of electric maket prices is shown in Figure B3. The triangles on
the left of the figure represent the historic data from which relationships between fundamental
variables and electricity prices are determined. The linked simulations of each predictive variable
are shown in the rectangular boxes to the right of the triangular inputs. Explanatory variables are

linked to electricity prices through a structural state space model.

Figure B3 PriceSimm Process Overview Diagram

Input
The input data consists of thdollowing:
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Weighting of Input Data

The default function for the weighting of historic spot market data used for parameter estimation is
flat weighting (all historical data is weighted equally). Alternatively, the historical spot prices can
be weighted according to a linearly declining functin. This weighting system provides an initial
weight for the most recent input spot prices of 730 and 729 for the twalay-old prices. The weights
decline daily under the same pattern for two years until they reach a value of 365. All historic
guotes older
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Figure 4 Spot Gas Price Process Flow

Input Data

Estimation of the parameters to simulated spot gas prices utilizes input of historical gas spot prices,
weather, and daily onrpeak andoff-peak electric prices. The simulated weather is input into the
model on a simulation basis.

Output Data

The output data is identical to the daily historic input dataset except that it includes the requested
number of spot price simulations for the reqeested simulation length. This dataset also includes the
simulation date and time update along with a link table to describe the paramatg used to run the
simulation.

Weighting of Data

The historic spot market data used for parameter estimation follows lnearly declining function.
The weighting system for market data provides an initial weight for the most recent input spot
prices of 730 and 729 for the twaeday-old prices. The weights decline daily under the same pattern
for three years until they reacha value of 365. All historic quotes older than two years receive a
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Reporting Requirement

SimEngine produces daily spot gas price simulations over the forecast horizon. The summary
statistics can be viewed in the standard output reports, which focus on the mean, 5th, and 95th
percentile simulation results.

LMP & BASIS PRICHIBLATION

Design Definition

LMP hourly prices and spot gas basis prices share the same simulation structure. Prices are
measured in terms of the difference from a central hub. By treating LMP prices as basis pacwe
focus on capturing the uncertainty in basis prices between the delivery point and the hub price
while maintaining the same correlation between nodal points and the central hub. Simulation of
basis addresses market conditions where historic data exsto support estimation of time series
relationships. For markets with historic data, it is important to preserve the time series
relationships between structural variables such as system load and spot prices.

Operational Business Process and Schedule

Approximately once every month or quarter, generation of new basis prices is run as new utility
and system hydro data becomes available. The job management system oversees the appropriate
execution of the simulations to provide users with summary statisticbased on the last updated
input data.

Process Flow
The process flow for spot basis price simulation is shown below in Figure-B

Figure B5 Spot Basis Price Process Flow
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Input Data

Simulation of spot gas prices requires input of historical gas spgtices and daily orpeak and off
peak electric prices.

Output Data

The output data is identical to the daily historic input dataset except that it includes the requested
number of basis simulations for the requested simulation length. This dataset alsacindes the
simulation date and time update along with a link table to describe the parameters used to run the
simulation.

Methodology
Gas Basis and Daily Electric Prices

Daily gas prices are linked to daily electric oipeak and offpeak prices through theresidual error
structure.

Hourly Electric Basis

The simulation of hourly electric basis prices follows the following time series model structure
where each hour has its own equation.

Hourl = Lag1(Hour24) + OffPeakPrice + OnPeakPrice + DayOfWeek + MAgtror
Hour2 = Hourl + OffPeakPrice + OnPeakPrice + DayOfWeek + MA1 + error
Hour3 = Hour2 + OffPeakPrice + OnPeakPrice + DayOfWeek + MA1 + error
Hour4 = Hour3 + OffPeakPrice + OnPeakPrice + DayOfWeek + MA1 + error
Hour5 = Hour4 + OffPeakPrice + OnPeBkice + DayOfWeek + MAL + error

Hour24 = Hour23 + OffPeakPrice + OnPeakPrice + DayOfWeek + MA1 + errorand similarly for
OffPeakPrice.
Hourl + Hour2 + Hour3 + Hour4 + Hour5 + Hour6 + Hour23 + Hour24 = OffPeakPrice

The series of equations for hourly spot pces are estimated with different parameters for each
month to capture seasonal effects.

Weighting of Data

The default weighting of historic spot market data used for parameter estimation follows a linearly
declining function. The default weighting systen for market data provides an initial weight for the
most recent input spot prices of 730 and 729 for the twalay-old prices. The weights decline daily
under the same pattern for three years until they reach a value of 365. All historic quotes older than
t
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POWERSIMM PLANNER

Appendix D
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dedsions based not only on the mean of the distribution, but also by risk considerations informed
by the 5h and 95h percentiles. Therefore, the model can solve for the optimal resource portfolio
that strikes the best balance between cost and risk.

Using te probabilistic approach, the modeling results for a single run produce a range of possible
outcomes for variables subject to uncertainty and for which a probability profile is entered. This
means that multiple, single variable sensitivity runs need ndbe performed to understand the
impact of uncertainty in one or more variables. For the simulations, a single cost result was
generated for each of the Scenarios evaluated, and no additional sensitivity analyses were
performed as is typically done in deteministic modeling approaches.

Figure D7 The Value of Stochastic Analysis in Resource Planning

Using Risk Premium for Resource Decision Making
PowerSimm also identifies the risk associated with each energy portfolio option, quantifying this as

D-10



Figure B8 Risk Premium is an Economic Concept Measuring how Prone a
Portfolio is to Higher than Epected Costs

PowerSimm planner monetizes risk through applying an actuarial option approach where the value
of risk (the risk premium) is calculated as the integral of the cost distribution from the mean to the
upper tail of costs, reflecting the downsié risk to ratepayers. The underlying cost distribution
follows from production cost modeling determined through input simulations of market fuel prices
and weather->load->renewables. These underlying simulations are developed to satisfy a long set

of valid
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1. Introduction

Senate Bill 2 in the First Extraordinary Session (SBX1-2)7 defines the California Renewables
Portfolio Standard (RPS) and imposes minimum renewable energy procurement targets for alll

retail sellers and publicly-owned utilities (POUSs), including the City of Redding (Redding).
SBX1-2 authorized the California Energy Commission (CEC) to develop procedures for
enforcement of the RPS for POUs. As part of that enforcement authority, the CEC adopted
3(QIRUFHPHQW 3URFHGXUHYV |&tilioNStaAdaboHfey Hochl, BRoii ak-Byned

Electric Utilities” (RPS Enforcement Regulations).’® 7KLV GRFXPHQW GHVFULEHV 5
Procurement and Enforcement Plan, as required by the Public Utility Code, which must be
DSSURYHG E\ GHGGLQJTV &LW\ &R XQFLO

1.1 Utility Code

REU must comply with many state laws that govern certain aspects of utility operations. These
LQFOXGH WKH IROORZLQJ FRGH VHFWLRQV ZKLFK UHODWH WI
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2.2 Compliance Periods and Procurement T argets

Compliance periods are multiyear, required targets. Although Compliance Periods 1 and 2
have passed, they are included below for reference:

A. Compliance Period 1
(1) During Compliance Period 1, January 1, 2011, to December 31, 2013, Redding
shall procure, at a minimum, renewable energy resources equivalent to an
average of 20 percent of retail sales over the three (3) years of the compliance

period.

Expressed as:

10.0 (3 (3 (3 . 56 56 56
Where:

RS X = total retail sales made by POU for the specified year X.

EP X = electricity products procured for the specified year X; this may include
excess procurement and historic carryover that the POU has chosen to apply to
the compliance period containing year X.

B. Compliance Peri od 2
(1) For Compliance Period 2, January 1, 2014,to December 31, 2016, Redding shall
procure renewable energy resources to meet or exceed the sum of 20 percent
of retail sales for each of 2014 and 2015, and 25 percent of retail sales for 2016.

Expressed as:
11.0 (3 (3 (3 . 56 56
0.25 (RS 2016)

C. Compliance Period 3
(1) For Compliance Period 3, January 1, 2017,to December 31, 2020, Redding shall
procure renewable energy resources to meet or exceed 33 percent of retail sales
by 2020. During the intervening years of Compliance Period 3, Redding shall
increase procurement to reflect an imputed compliance obligation.

Expressed as:
(EP 2017 + EP 2018 + EP 2019 + EP 2020)
. 56 56 019)%6+ 0.33 (RS 2020)

D. Compliance Periods beyond 2020
(1) Compliance periods beyond 2020 are not formally established; however, SB350
requires a 50 percent renewable standard by 2030.

7KH IROORZLQJ WDEOH VXPPDUL]J]HV WKH D@@XBO 3V
determined over the entire compliance period using the formulas above.

Compliance Period 3
« | 2017 | 2018 | 2019 | 2020 «
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| « | 27 % | 29% | 31% | 33% | 50% |

Table 1: RPS Renewable Requirement

2.3 Portfolio Content Categories

In addition to meeting the renewable energy procurement target, the RPS established Portfolio
Content Categories (PCC) that outline the eligible renewable energy resource products that
must be procured to ensure compliance with minimum and maximum values as summarized
in Table 2.

A. PCC1: (RPS Enforcement Regulations 3203(a))

(1) PCC1 electricity products must be bundled at the time of procurement to be
classified as PCC1, and the POU may not resell the underlying electricity from the
electricity product back to the eligible renewable energy resource from which the
electricity product was procured. The electricity products must be generated by an
eligible renewable energy resource that is interconnected to a transmission network
within the Western Electricity Coordinating Council (WECC) service territory. For
purposes of this section 3203, the first point of interconnection to the WECC
transmission grid is the substation, or other facility, where generation tie lines
interconnect from the eligible renewable energy resource to the network
transmission grid.

(a) Electricity products must be generated by an eligible renewable energy resource
that has its first point of interconnection within the metered boundaries of a
California balancing authority area.

(b) Electricity products must be generated by an eligible renewable energy resource
that has its first point of interconnection to an electricity distribution system used
to serve end-users within the metered boundaries of a California balancing
authority area. For purposes ofthis section 3203, the first point of interconnection
to an electricity distribution system is within the service area boundaries of a
utility distribution company.

(c) Electricity products from the eligible renewable energy resource with a first point
of interconnection outside the metered boundaries of a California balancing
authority area must be scheduled into a California balancing authority area
without substituting electricity from another source. For purposes of this section
3203, electricity generated by the eligible renewable energy resource must be
scheduled into a California balancing authority area on an hourly or sub-hourly
EDVLV 7KH 328V JRYHUQLQJ ERDUG RU RWKHU DXW
governing board, must have approved an agreement before the electricity is
generated to schedule the electricity from the eligible renewable energy resource
into the California balancing authority area on an hourly or sub- hourly basis. If
there is a difference between the amount of electricity generated within an hour
and the amount of electricity scheduled into a California balancing authority area
within that same hour, only the lesser of the two amounts shall be classified as
PCC1.
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(d) Electricity products must be subject to an agreement between a California
balancing authority area and the balancing authority in which the eligible
renewable energy resource is located and executed before the product is
generated to dynamically transfer electricity from the eligible renewable energy
resource into the California balancing authority area.

(3) Electricity products originally qualifying in PCC1 that do not meet the criteria of
section 3203 (a)(2)(A) and are resold £(D) shall not be counted in PCCL1.

B. PCC2: (RPS Enforcement Regulations Section  3203(b))

(1) PCC2 electricity products must be generated by an eligible renewable energy
resource that is interconnected to a transmission network within the WECC service
territory, and the electricity must be matched with incremental electricity that is
scheduled into a California balancing authority area.

(2) PCC2 electricity products must be bundled when procured and must meet all of the
following criteria:

(@) The first point of interconnection to the WECC transmission grid for both the
eligible renewable energy resource and the resource providing the incremental
electricity must be located outside the metered boundaries of a California
balancing authority area.

(b) The incremental electricity used to match the electricity from the eligible
renewable energy resource must be incremental to the POU. For purposes of
WKLV VHFWLRQ SLQFUHPHQWDO HOHFWULFLW\" Pt
a resource located outside the metered boundaries of a California balancing
authority area; prior to the date of contract or ownership agreement, electricity is
not in the portfolio of the POU claiming the electricity products for RPS
compliance from eligible renewable energy resources with which the incremental
electricity is being matched; is executed by the POU, or other authority, as
delegated by the POU governing board.

(c) The governing board, or other authority as delegated by the governing board,
executes the contract or ownership agreement for the incremental electricity at
the same time or after the contract or ownership agreement for the electricity
products from the eligible renewable energy resource is executed.

(d) The incremental electricity must be scheduled into the California balancing
authority area within the same calendar year as the electricity from the eligible
renewable energy resource is generated.

(e) The electricity from the eligible renewable energy resource must be available to
be procured by the POU and may not be sold back to that resource.

C. PCC3: (RPS Enforcement Regulations section 3203(c))
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All unbundled renewable energy credits and other electricity products procured from
eligible renewable energy resources located within the WECC transmission grid that do
not meet the requirements of either PCC1 or PCC2 fall within PCC3.

D. PCCO: (RPS Enforcement Regulations section 3204(a)(2))

(1) Any contract or ownership agreement originally executed priorto June 1, 2010, shall
count in full toward the procurement requirements if all of the following conditions
are met:

(@) The reneZzDEOH HQHUJ\ UHVRXUFH PHW WKH &RPPLV

requirements that were in effect when the original procurement or ownership
agreement was executed.

(b) Any contract amendments or modifications occurring after June 1, 2010, do not
increase the nameplate capacity, expected quantities of annual generation, or
substitute a different renewable energy resource.

(c) If contract amendments or modifications after June 1, 2010, increase nameplate
capacity or expected quantities of annual generation, increase the term of the
contract, or substitute a different eligible renewable energy resource, only the
MWhs or resources procured prior to June 1, 2010, shall count in full toward the
RPS procurement targets. The remaining procurement must be classified into
PCC1, 2, or 3, and follow the portfolio balance requirements in accordance with
RPS Enforcement Regulations section 3204 (c).

(d) The duration of the contract may be extended if the original contract specified a
procurement commitment of fifteen (15) years or more.

Compliance Period 1
2011-2013

Compliance Period 2
2014-2016

Compliance Period 3
2017-2020

PCC1 (Minimum)

50%

65%

75%

PCC2 (No Direct Restriction)

n/a

n/a

n/a

PCC3 (Maximum)

25%

15%

10%

PCCO Is not subject to portfolio balancing requirements

Beyond 2020 is to be determined
Table 2: RPS Balancing Requirement

2.4 SHGGLQJYTV 30DQ IRU 536 &RPSOLDQFH

2.4.1 Existing Eligible Renewable Resources

Redding currently has the following renewable energy resources under contract and/or
ownership that meet the RPS eligibility requirements:

Wind

Big Horn Wind Project (PCCO0) - In 2006, Redding entered into a 20-year contract with
possible 5-year extension for wind energy through the M-S-R Public Power Agency by
participation in the Big Horn Wind Project. Redding has contracted for 70 MW of capacity
that yields approximately 180,000 MWh of eligible renewable energy annually.
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Hydro (<30MW)

Whiskeytown Hydro (PCCO0) - In the mid-1980s, Redding invested in small hydro-
generation at Whiskeytown Dam. The Whiskeytown Project has a capacity of
approximately 3 MW and yields roughly 26,000 MWh of eligible renewable energy annually.

WAPA Small Hydro Program (PCC0O) - 5SHGGLQJ SDUWLFLSDWHV LQ :$3%
Program; this contributes approximately 6,000 MWh of eligible renewable energy to
Redding annually.

2.4.2 Procurement Plan for Future Renewable Resources

In order to meet the RPS mandates, Redding plans to preserve its existing PCCO
resources, carry forward excess procurement from one compliance period to the next, and

look for valuable opportunities to diversify and expand its RPS portfolio while protecting
5HGGLQJYV FXVWRPHUV IURP H[FHVVLYH UDWH LQFUHDVHYV \

and viability within the City. The Integrated Resource Plan will be the guiding document
and tool for choosing the optimal plan.

3. RPS EnforcementProgram

3.1 EnforcementPolicy

In compliance with the requirement for the governing board of a POU to adopt a program for
enforcement of the legislation prior to January 1, 2012, the Redding City Council passed
Resolution 2011- SbHVROXWLRQ RI WKH &LW\ &RXQFLO RI WKH &l
5HQHZDEOH 3RUWIROLR 6WDQGDUG IRU WKH &LW\ RI 5HGGLC
2011. Resolution 2011-197 adopted the following RPS targets:

A. An average of 20 percent in 2011 through 2013;

B. 25 percent by 2016; and

C. 33 percent by 2020 and thereafter.

Resolution 2011-197 also adopted the following Enforcement Policies:

A. Redding will make a reasonable effort in the context of Good Utility Practice to be in
compliance with the requirements of SBX1-2.

B. Redding will report annually to the City Council on its status of compliance with SBX1-2.

C. Redding will notify the City Council of any potential for lack of compliance with the
requirements of SBX1-2 that may be considered for a notice of violation and penalty
imposition.

D. Redding will provide an explanation and analysis to the City Council on such potential for
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lack of compliance with SBX1-2, as well as a plan of corrective action and timeframe for
returning the City to compliant status.

E. At such time, the City Council will direct staff on its recommended course of action.
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3.2 Optional Compliance Measures

Specific optimal compliance measures are permitted, and are adopted, by Redding and the
City Council. Redding adopts the following optional compliance measures, which may be
utilized in the event that factors beyond reasonable control interfere with its ability to meet the
procurement requirements set forth in Public Utilities Code §399.30 and § 3206 of the RPS
Regulations.

A. Excess Procurement:

Redding shall be allowed to apply Excess Procurement from one compliance period to
subsequent compliance periods using the criteria outlined in § 3206(a)(1) of the RPS
Enforcement Regulations beginning on January 1, 2011, and shall be calculated as set
forth in RPS Enforcement Regulations 8§ 3206(a)(1)(D).

B. Delay of Timely Compliance:

Enforcement of timely compliance shall be waived if Redding demonstrates that any of the
conditions defined in RPS Enforcement Regulations § 3206(a)(2) are beyond the control
of Redding, and Redding would have met its RPS procurement requirements but for the
cause of delay.

C. Cost Limitations for Expenditures:

Redding establishes a Cost Limitation on the procurement expenditures for all eligible
renewable energy resources used to comply with the RPS, consistent with RPS
Enforcement Regulations § 3206(a)(3).

The Cost Limitation applied to each RPS procurement expenditure will consider the
following:

1) ,QFRUSRUDWLQJ WKH DQQXDO 536 H[SHQGLWXUH LQWR E
require rate increases of more than 1.5 percent per year at any time during the life of
the considered RPS procurement.

2 The per-kilowatt-hour cost of the considered RPS procurement expenditure should
QRW H[FHHG QRU EH SURMHFWHG WR H[FHHG -kilow&tH U F H Q
hour retail residential energy charge.

3) When estimating the considered RPS procurement expenditure, the following costs
will also be included:

(a) The costs associated with firming and shaping, and/or storage, as needed for
intermittent resources; and

(b)  The costs associated with delivery of the renewable energy.

In the event that procurement expenditures exceed the adopted Cost Limitation, Redding
shall re-evaluate its RPS Procurement Plan to ensure that other options are not available
that would otherwise allow Redding to meet its RPS procurement requirement. Such review
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will include a re-evaluation of current procurement commitments, planned procurements,
long-term commitments, and the availability of alternative resources in other portfolio
content categories.

D. Portfolio Balance Requirement Reduction:

Redding shall be allowed to reduce the portfolio balance requirement for Procurement
Content Category 119for a specific compliance period if conditions beyond the control of
Redding occur that warrant a delay in timely compliance (as adopted under § 2.2 (B) of the
RPS Enforcement Program) as defined in 8§ 3206(a)(4) of the RPS Enforcement
Regulations.

if Redding uses this reduction measure, Redding will update its RPS Procurement Plan with
the adjusted information and submit such updated plan to the CEC.

4. Review and Updating Requirements (RPS Enforcement Regulations §3205(a))

Redding is required to complete an Integrated Resource Plan that will guide the Procurement
plan.

A. Redding will provide the following notice regarding new or updated renewable energy
resources procurement plans:

(1) Redding shall post notice in accordance with Chapter 9 (commencing with §54950) of
Part 1, Division 2, Title 5 of the Government Code, whenever the City Council will deliberate
in public on the RPS Procurement Plan.

(2) Along with the posting of the notice of a public meeting to consider the RPS Procurement
Plan, Redding shall notify the CEC of the date, time, and location of the public meeting to
consider the RPS Procurement Plan. This requirement is satisfied if Redding provides the
CEC with the uniform resource locator (URL) that directly links to the notice for the public
meeting. Alternatively, an e asail with information on the public meeting in Portable
Document Format (PDF) may also be provided to the CEC.

19 procurement Content Category 1 is define@B203 (a) of the RPS Enforcement Regulations.
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(3) Redding will notify the CEC if any URL provided by Redding no longer contains the correct
link, and Redding will send the CEC a corrected URL that links to the information, or a PDF
containing the information, as soon as it becomes available.

(4) f Redding distributes information to its City Council related to its renewable energy
resources procurement status, or future procurement or enforcement programs for the City
&RXQFLOTYY FRQVLGHUDWLRQ DW D SXEOLF PHHWLQJ
available to the public at the same time it is distributed to City Council, and shall provide
DQ HOHFWURQLF FRS\ RI WKDW LQIRUPDWLRQ WR WKH

(@) This requirement is satisfied if Redding provides the URL that directly links to the
documents or information regarding other manners of access to the documents to the
CEC. Alternatively, an e anail with the information in PDF may also be provided to the
CEC.

(b) Redding will notify the CEC if any URL provided no longer contains the correct link, and

Redding will send the CEC a corrected URL that links to the information, or a PDF
containing the information, as soon as it becomes available.

5. Review and Revision History

Revision Revision Summary of Changes
Number Date
1 10/15/2013 | Original version adopted by City Council Date:
October 15, 2013
2 10/07/2014 | Annual update: Removed Lewiston and added Colusa
3 06/05/18 Combined Procurement and Enforcement plan.
Included SB350 updates, removed Colusa biomass
project, and rearranged information for a more clear,
concise document.
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Appendix F. Energy Storage Compliance Plan

Procedure No: Version: Approval Date:

- Draft 1
ESCP- 02 ra September Energ_y Storage
Compliance Plan
Effective Date: October 1,2017 (ESC P)

Document Owner: Lowell Watros

REDDING ELECTRIC UTILITY
Energy Services Division

ESCP-02 Energy Storage Compliance
Plan (AB 2514 & AB 2227 xPublic
Utilities Code Sections 2835-2839)

Reviewed By: Lowell Watros (Resource Planner zEnterprise
Services), Nick Zettel (Manager zEnterprise Services), Dan Beans
(Interim Electric Utility Director)

Adopted By: Redding City Council

Date: September 19, 2017

F1



TABLEOFCONTENTS

INtroduction/BackgroUNnd  ..........oiiii e 3
Energy Storage Procurement Plan..........coooviiiiiiiiiiiiiiiiiieee e 4
2.1 PlaNOVEIVIEW ...ttt ettt e e e e e e e e 4
2.2 COMPlIANCE PEIOUS. .....couuiiiieeee it e e e e 4
2.3 Definitions of Energy StorageTechnologies...........cooveeviveiiiiiiiiieeeieeiiiiieeeeeeeeeeienn 4
ESCRREVIEW REQUIMNEIMENTS ......iiiiiiiiii ittt ettt e et e et e e e e e e e eaa s 5

F2



Introduction/Background

ReddingElectric Utility (REU)started analyzingenergy storagetechnologiesin 2004. In 2005, REU
installed its first thermal energy storage(TES)deviceswithin its service territory (achiller-based
TESsystemat Redding Municipal Airport andadirect expansion TESystemat the Redding Fire
Department).

Subsequent to 5 ( 8 féontinued pursuit of cost-effective TESnstallations throughout the

8 W L Geér\iceferritory, AssemblyBill (AB) 2514 (Energy StorageBill) was introduced to the
California Legislature by Assemblywoman Skinnerin 2010. This bill passedandwassignedinto
law (Public Utilities CodeSection2835-2839) by Governor Arnold SchwarzeneggeSeptember29,
2010.

This energy storage law requires the governing board (City Council) of alocal, publicly - owned
electric utility by March1l, 2012, to opena proceedingto determine appropriate targets, if any,for
the utility to procure viableand cost-effectiveenergystoragesystems and,by Octoberl, 2014, to
adopt an energystorage systemprocurement target, if determined to be appropriate, to be
achievedby the utility by December31, 2016. The law includes asecond targetto be achieved by
December31,2020. Thelaw further specifies:

Section2836 - Aspart of this proceeding,the governingboard may considera variety of possible
policiesto encouragethe cost-effectivedeploymentof energy storage systems, including
refinement of existing procurement methodsto properly valueenergy storage systems.
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EnergyStoragdeProcuremenPlan
2.1 PlanOverview

The purpose of the ESCRPis to identify the policies and procedures for REUto meet the
requirements set forth with AB 2514 and the Energy Storagesection of the Public Utilities
Code(Sections2835-2839).

a) The ESCP incorporates 5 ( 8  VESProgramwith the legislative mandate requiring
utilities to review various energy storage technologiesand to set procurement and
periodic review targets.

b) Under AB 2514, each utility is to review the applicability of various storage
technologies to their local operating requirements and identify which of those,
if any, would benefit the X W L @éctkid §ervice requirements. REU has completed
an assessmentof its TESProgram and determined the Programto be beneficialin
assisting the overall operating conditions of the Utility.

Under ESCP01, REUhad a procurement target of 3.6 MW to be installed and operational by
July1, 2017. That target was obtained and REU isnow in the Operations and Maintenance
(O&M) phasefor the TESProgramas it is now configured. Due to the current (no growth)

load forecast and adequate power supplies available for the foreseeablefuture, no further

additions to 5 ( 8  ®hergy storage capabilities are contemplated at this time. During the
next review period, as part of ongoing Integrated Resource Plan (IRP) efforts, REU will

analyze the value of all qualified energy storage technologies as defined by AB 2514,
including TES.The existing TESassetsare expectedto have an effective 20-year plus life
span. While the TES systems have been proving to be quite reliable, some routine
maintenancewill be needed over the multi-year time period that the equipment is expected
to bein service.

Compliancéeriods

AB 2514 establishedthe following complianceperiods:

1. On or before March 1, 2012, REUmust initiate a proceeding to
determine appropriate storagetargets.

2. Procurementtargets must be adopted by Octoberl, 2014.

3. Reviewinitial storagetargets bySeptember2017.

4 Review the storage targets set in September 2017 by September 2020.
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AB 2227 establishedthe following complianceperiods:

1. On or before January 1, 2017, REUmust report to the California
Energy Commission (CEC)demonstrating that it had complied with
storagetargets adopted by City Councilon Octoberl, 2014.

2. By Januaryl, 2021, in similar fashion asItem 1 above,againfile a
progress report with the CEC,related to City Council adopted
targets on Octoberl, 2017.

Definitionsof Energystoragelechnologies

AB 2514 specifically defineswhat constitutes and qualifies asan energystorage
system.Thedefinition asstated in the law (section 2835 (a)(1) =(2)(A)) is:

3 F R P P H U&vailail @thnology that is capable of absorbing energy, storing it
for aperiod oftime, and thereafter dispatchingthe energy.” An 3 H Q H&larage
V\V W shRll'do one or more of the following:

(1) Usemechanical,chemical,or thermal processesto store energythat was
generatedat onetime for use at alater time.

(2) Storethermal energy for direct use for heatingor cooling at alater time in
amanner that avoidsthe needto useelectricity at that later time.

(3) Usemechanical,chemical,or thermal processesto store energy
generatedfrom renewable resourcesfor useat alater time.

4) Usemechanical,chemical,or thermal processesto store energy generated
from mechanicalprocesseghat would otherwise be wastedfor delivery
at alater time.

ESCReviewRequirements

Redding adjusts its load forecastannually. This forecastwill be used to anticipate the
ESCH needs in future years.This ESCPwill be updated as appropriate to reflect
5H G G Lggddde review of loads and available power resources,including energy
storagetechnologies.

a) Reddingwill review the initial procurement targets set in September
2014 no later than September2017, and again no later than September
2020.

AB 2227 addedto the requirements of AB 2514 minimally in that local, publically-
owned electric utilities, suchasREUshall submit areport to the Energy Commission
demonstrating it had complied with the energy storage system procurement targets
and policies adopted by the City Councilin September2014 by Januaryl, 2017, and
in similar fashion by January 1, 2021. Basically, AB 2227 provides for routine
progressreports to the CEC.





