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Welcome: Meeting Logistics

= Local Participants:
= DoubleTree facility
= Wireless internet access
= Sign-in sheets
= Parking

= Virtual Participants:
= Ask questions via ‘chat’ feature

= Meeting will stay open during breaks,
but will be muted

.= @
=
-
Participants Recarder

¥ Chat X

Send to: | Everyone v

Send
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Welcome: Today’s Topics

= Safety Moment

Public Process

2013 IRP Update

Integrated (Smart) Grid

Energy Storage and HB 2193
= Demand Response (DR) Potential Study

Planning Reserve Margin / Capacity Contribution

= Portfolios and Futures

/Portland General
/ Electric



Safety Moment

Safety is a Core Value
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2016 IRP Timeline

| December 17, 2015
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2016 IRP: Meeting Schedule And Planned Topics

Q4 2015/ Q1 2016

shop #2
mission (Salem)

Meeting #5
Public
Development

Integrated (Smart) Grid
Energy Storage

YY-#
Roundtable

Development
Topics

Analysis
Topics

December 17

Analysis

Portfolios and Futures
Results
Results Topics
Planning Reserve Margin
Capacity Contribution

General
Demand Response

Topics

General
2013 IRP Update

Public Meeting / Technical Workshop

Roundtables

Meeting with Commission Present /Portland General
P Electric



2016 IRP: Meeting Schedule And Planned Topics

“For its next IRP planning cycle, we direct PGE to hold a
series of workshops with stakeholders (with at least one
attended by the Commissioners) to develop a wide range of
multiple portfolios for meeting its incremental capacity and
energy needs.”

and

“PGE to work with Staff and stakeholders to explore options
to model and perform analysis in its next IRP related to
known, and expected, Section 111 (b) and (d) requirements,
and to present its results at a workshop with
Commissioners.”

- Order No. 14-415



2016 IRP: Meeting Schedule And Planned Topics
’ 2016

16-1 (formerly Public Mtg #6)
Roundtable

Preliminary Results
Colstrip Portfolios
Variable Resource
Integration
Trigger Points

General
Transmission
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Dates Tentative

(Tentative)

Additional
Roundtables

16-2 on May 18
16-3 on August 17
16-4 on November 16

Final Results
Colstrip Portfolios
Variable Resource
Integration
Trigger Points

Draft 2016 IRP
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Meeting #3
Commission

Development
Portfolios and Futures
Review
Reference Portfolio

Results
Clean Power Plan

2016 IRP target dates: July 29 — distribute draft; Sept 16 — file final

Roundtables

Meeting with Commission Present
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2016 IRP: Status
]

Meetings 9 Planned (5 Complete, 1 Scheduled, 3 Tentative)
Workshops } Roundtables { 4 Planned (3 Complete, 1 To Be Scheduled)
Feedback Forms 4 Received (3 since last meeting)
2013 IRP Action Plan 5 Actions (OPUC Order No. 14-415)
Supply Side In progress  (Hydro contracts, portfolios, no major resources)
Demand Side Completed (EE, DR)

In progress (CVR)

Completed  (Load forecast, EE, DG, EIM, Capacity)

Enelaliig SlelEs In progress  (Biomass, Flexibility)

Transmission In progress

Other In progress  (RPS, Clean Power Plan)

Related Topics In progress  [UM1708 (DR); UM 1716 (VoS); UM 1719 (VER CC)]
2016 IRP Development ~13 Chapters

Draft Content outline under development

Final Not Started






2013 IRP Update Topics

= Updates since the 2013 IRP

* Load Forecast

* Resources and Resource Costs
* Fuel Prices and Carbon Costs

* Load-Resource Balance

= Studies to inform the 2016 IRP

= Progress on acknowledged and additional studies
= Clean Power Plan overview

= RPS scenario analysis

= 2013 IRP Update presentation to OPUC
planned for January 12, 2016

Portland General Electric
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2013 IRP Update
-]

= Load Forecast

= 2017 average energy decreases by 1.9 percent
= 2017 winter peak Increases by 1.1 percent
= 2017 summer peak increases by 1.2 percent

= Long-term growth rates are slightly lower than the 2013 IRP

2013 IRP vs. 2013 IRP Update Forecast

Energy Winter Peak Summer Peak

2017 2014-33 | 2017 2014-33 2017 2014-33
Reference Case Forecast MWa  Growth | MW Growth MW Growth
2013 IRP 2422 13% | 3613 1.0% |3523 1.3%
(December 2013 forecast)
2013 IRP Update 2377 12% | 3652 09% |3564 1.1%
(June 2015 forecast)
Change from 2013 IRP (45) (0.1%) 39 (0.1%) 41 (0.2%)
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2013 IRP Update

= Load-Resource Balance

3500 - Projected Annual Average Energy
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2013 IRP Update

= Load-Resource Balance
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2013 IRP Update

= Renewable Portfolio Standard — Compliance Options

= Physical Compliance

= Renewable Energy Certificates
= Bundled
= Unbundled (20% max annually)
= Previously banked

= Alternative Compliance Payments
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2013

IRP Update

December 17, 2015 Slide 17

= Renewable Portfolio Standard
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Oregon

Projected REC Bank Balance
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TAssumes no additional actions, i.e. baseline

15% by 2015
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25% by 2025
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2013 IRP Update

= Renewable Portfolio Standard

= 2017 projected REC bank balance ~ 890 MWa'
= 2025 projected REC bank balance ~ 0 Mwa'
Risk Factor 2015-2019 | 2020-2024 | 2025-2029 2030+
RPS resource in-service date - 95 148 47
Generation < forecast 99 80 112 120
Future RPS increase - 111 118 126
Load growth > forecast 6 10 12 12
Total Risk (MWa) 65 296 390 304

= Based on a minimum REC bank balance of 300-600 MWa, PGE concluded

a physical renewable resource addition in 2024, balanced by reliance on
banked RECs through 2023, enables PGE to delay costs of physical

compliance in 2020.

TAssumes no additional actions, i.e. baseline
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2013 IRP Update Summary & Conclusion
-]

Key Observations from 2013 IRP Update

PGE continues to work toward the actions of the 2013 IRP
PGE made refinements to the load forecast methodologies

The energy load-resource balance forecasts a resource surplus through 2020
and a resource deficit beyond 2020

The capacity load-resource balance forecasts a resource surplus in 2017 and
a resource deficit beyond 2018

Resource cost projections have decreased since the 2013 IRP
Natural gas price projections have fallen further since the 2013 IRP

The Clean Power Plan will be robustly modeled in the 2016 IRP

2013 IRP Update Conclusion

When considered in total, the changes and revised assumptions in the IRP
Update continue to support moving forward with the acknowledged Action Plan

/Portland General
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Overview

= Integrated ( Smart) Grid Update
= Current Strategy & Looking Forward

= Questions
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Integrated ( Smart) Grid Update
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Grid Optimization Leadership

m

December 17, 2015 Slide 23

= More than 850,000 digital smart meters
installed (2010)

= 5 MW lithium-ion battery and high reliability
zone operational in Salem (2014)

= 76% of PGE substations have SCADA (up
from 70% in 2013)

= 768 MWh saved through Conservation
Voltage Reduction pilot (2015)

= Synchrophasors installations at 3
substations by end of 2015

= T&D Analytics pilot launched (2015)
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Customer Engagement Leadership
-]

Over 165,000 customers have accessed Energy TrackersM (up from
80,000 in 2012)

25 MW demand response available (up from 16 MW in 2012)

106 MW dispatchable stand-by generation by end of year
(up from 74 MW in 2012)

45 MW customer-owned renewables
(up from 29 MW in 2012)

Approximately 5,000 electric vehicles
in PGE service territory
(up from 600 electric vehicles in 2012)

Approximately 1,100 public charging
stations in Oregon (up from 688 in 2012)
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Spotlight: Salem Smart Power Center

The Salem Smart Power Center was a
Smart Grid Demonstration Grant project
developed as part of a regional transactive
energy demonstration with Pacific
Northwest National Laboratory.

= 5 MW/1.25 MWh lithium ion battery
= High reliability zone

= Transactive control capabilities

= Renewables integration

= Demand response capabilities

= Frequency regulation (Feb. 2015)
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System Frequency (Hz)

Spotlight: Salem Smart Power Center (cont.)

]
Frequency Support, NERC BAL-003-1
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System Frequency (Hz)

Spotlight: Salem Smart Power Center (cont.)

]
Frequency Support, NERC BAL-003-1
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System Frequency (Hz)

Spotlight: Salem Smart Power Center (cont.)

December 17, 2015 Slide 28 Frequency Support, NERC BAL-003-1
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Spotlight: Pricing and Demand Response Pilots
- 000000}

Rush Hour Rewards Pilot

= Tests the impact of Smart Thermostat control on
summer and winter peak energy usage

= Launch partner for Nest’s first winter program

= Goal: enroll 3,500-5,000 customers and deliver
0.4-1kW reduction per household

= Target Launch Date: November 2015

Tentative Hours

Pilot Variant
* Winter only
Pricing Pilot ented No Change
" Dema_nd response pilot identifying the system |
benefit of targeted peak energy usage education, —
various time of use structures, and peak time Peak only 7am-10am*/3pm-8pm
Off Peak: all other times
rebate » Peak;?-lOam*/3-8pm
= Goal: enroll 3,500-7,000 customers Three Tier ot Som T,

= Target Launch Date: March 2016
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Spotlight: Energy PartnersMPilot

December 17, 2015 Slide 30

“The Energy PartnersM Program is great....you start looking
at (your system) from an eye of efficiency.”

- Alpenrose Dairy

Automated Demand Response
= Launched August 2013

= 28 participating customers
= 10 MW enabled

= Goal of reaching 25 MW
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Our Strategy
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Our Strategic Approach

PGE will advance the intelligent and integrated operation of our grid by
leveraging technologies that deliver customer value and system benefits in a

changing landscape
Jing P Approach

leverage customer
trends, data, policies, and modeling, to plan
ahead by identifying potential pilots,
demonstrations and programs

incorporate customer and
stakeholder feedback as we start small in
our deployment and testing of new
technologies and programs

Integrate

Integrate: build upon our foundation as we
move to scale on proven technologies that
drive new customer value
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Integrated ( Smart) Grid Initiatives: Current Status

December 17, 2015 Slide 33

! Model & Monitor 2 Engage > Integrate
(Plan Ahead) (Successfully Pilot) (Move to Scale)

Monitor Industry Landscape Pilots Programs
* Microgrid market * Energy Partner* * Smart meters

assessment * Smart Thermostats* » Energy Tracker

* Pricing pilot* * Energy Expert

Emerging Technologies « Conservation Voltage « Dispatchable Standby
* Energy storage* Reduction* Generation*

(HB 2193) » Distribution Automation
» Electric vehicle smart « Salem Smart Power Center

charging/DR « Communications Upgrades
* Smart water heaters » Strategic Asset Management

« T&D Analytics
Potential Studies
« Demand response
potential*

Real Time System Analysis

Integrated Resource Plan

*Evaluating in partnership with Integrated Resource Planning



Integrated ( Smart) Initiatives: 2020 View

1 Model & Monitor 2 Engage > Integrate
(Plan Ahead) (Successfully Pilot) (Move to Scale)
Monitor Industry Landscape Pilots/Research Programs
» Electric vehicle smart *  Smart meters
Emerging Technologies charging/DR * Energy Tracker
« Smart Water Heaters * Energy Expert
Potential Studies * Microgrids « Dispatchable Standby
Generation
Real Time System Analysis Systems  Demand Response
* Distribution management * Pricing Portfolio
Integrated Resource Plan system « Conservation Voltage
Reduction

» Distribution Automation

» Strategic deployment of
distributed storage

« Strategic Asset Management

« T&D Analytics

« Communications network

/Portland General
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Looking Forward and Closing Thoughts
-]

= Have made significant strides to take advantage of integrated ( smart)
grid technologies, but there is more to be done.

= Are committed to leveraging the power of integrated ( smart) grid
technologies to deliver customer value and system benefits.

= Will continuously improve the operation of our business by pursuing
integrated (smart) grid technologies where it makes sense.
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Questions
S
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Overview

December 17,2015  Slide 38

= HB 2193 Background
= Current Strategy

= Questions

P
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HB2193 Relating to Energy Storage
-]

= PGE shall procure:

One or more energy storage systems

= At least 5SMWh of energy

May not exceed one percent [39MW] of 2014 peak load

= Includes an analysis of:

Current operations and system data
Data related to existing energy storage systems

How the addition of an energy storage system would complement proposed
integrated, least-cost combination of resources to meet the expected needs
of the electric company’s customers.

/Portland General
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Proposed Legislative Timing

December 17, 2015 Slide 40
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Preparing Developing Procuring
(HB 2193 - Section 3.1) (HB 2193 - Section 3.2) (HB 2193 - Section 2.1)
OPUC shall adopt guidelines PGE shall submit proposals PGE shall procure
for PGE to submit proposals for to the OPUC for one or more one or more energy storage systems
one or more energy storage energy storage systems to store at least 5 MWh of energy
systems
not later than January 1, 2017 not later than January 1, 2018 on or before January 1, 2020
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Regulatory Process
-]

= OPUC to establish guidelines that examine potential value for:

Deferred investment in generation, transmission or distribution of electricity;

Reduced need for additional generation of electricity during times of peak
demand;

Improved integration of different types of renewable resources;
Reduced greenhouse gas emissions;

Improved reliability of electrical transmission or distribution systems;
Reduced portfolio variable power costs; or

Any other value reasonably related to the application of energy storage
system technology.

/Portland General
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PGE’s Approach
December 17,2015 Slide 42

Near Term Mid Term Long Term
Identify and confirm: Conduct feasibility screening  Continue to integrate storage
» Grid operational needs and into long term system

required resource Identify and evaluate planning
characteristics synergies with other planning

» Grid operational constraints  and operation processes
« Storage applications and
opportunities Develop methodologies to
analyze storage options
Define valuation
methodologies and tools

« Stakeholder engagement and coordination »
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Outline
S

= Background

Potential Study Overview
= Methodology

= Programs Considered

= Findings

Portfolio Development

= Methodology

= Scenarios

= Results

= Next Steps

Cost-Effectiveness
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Background
-]

= PGE recognizes the need for DR in its resource plan

= 2013 IRP included 45 MW of DR:
= Energy Partner: 25 MW
= Schedule 77: 20 MW

= Commissioned potential study from Brattle group to identify
opportunity

= Based on study, PGE developed portfolios to be included in 2016
IRP

/Portland General
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Potential Study Overview

Brattle Group conducted an update of the 2012 potential study

Estimates maximum achievable peak reduction and cost-
effectiveness of various programs

Assumes enrollment rates reach levels of successful DR programs
around the country (75™ percentile)

Several factors suggest that PGE’s customer base could reach these
levels of participation

= Success with energy efficiency programs

= Environmentally conscious customer base

= Rising adoption of energy management products (e.g., smart thermostats)
= Growing summer peak demand

Since PGE is starting from a point of relatively limited experience with
DR, it will likely take time to reach these levels of participation

= This has been the experience with the Energy Partner program

/Portland General
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Programs Considered
-]

Small C&I Medium C&lI Large C&I

Residential
esicentia (<30kw)  (30to200kw)  (>200 kw)

Agricultural

Pricing Options

Time-of-use (TOU) X X X
Peak Time Rebate (PTR) X X

PTR w/tech X X

Critical Peak Pricing (CPP) X X X X

CPP w/tech X X X X

Conventional Non-pricing Options

Direct load control (heating/cooling) X

Direct load control (water heating) X X

Curtailable tariff X X

Third-party DLC X X X
Emerging DR Options

Bring-your-own-thermostat (BYOT) X

Electric Vehicle (EV) charging load control X

Smart water heating X

Behavioral DR X
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High Level Findings

The most attractive DR opportunities are in the residential and

large C&l customer segments

Residential pricing programs present a large and cost-effective

opportunity to leverage the value of PGE's AMI investment

The incremental benefits of coupling enabling technology with
pricing options are modest and perhaps best realized through a
BYOT program

BYOT programs offer better economics than conventional DLC

programs but lower potential in the short- to medium-term

/Portland General
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High Level Findings, cont.
-]

Residential water heating load control is an attractive opportunity

with a broad range of potential benefits
Small C&l DLC has a small amount of cost-effective potential

DR is highly cost-effective for large and medium C&l customers

and the potential can be realized through a number of programs
Agricultural DR programs are small and uneconomic

The economics of some programs improve when accounting for

their ability to provide ancillary services

/Portland General
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Potential Study Overview
-]
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Large C&lI Residential
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Large C&lI
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Potential Study Overview

Summer Potential
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Potential Study Overview

Winter Potential Summer Potential
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PTR, Op‘t-Out CPP Opt-Out w/Tech, Opt- Curtailable Water TOU, Opt QOut Behavioral Third-Party Third-Party CPP, Opt-Out DLC, Opt-In  PTR, Opt-Out w/Tech, Opt- Curtailable CPP, Opt-Out Third-Party Third-Party BYOT-AC, TOU, Opt-Out CPP, Opt-Out
Out Tariff, Opt-In Heating DLC, DR, Opt Out DLC, Opt-In  DLC, Opt-in Qut Tariff, Opt-In DLC, Opt-In  DLC, Opt-In Opt-In

Opt-In

= The largest programs are in the industrial and residential sectors

= Opt-out dynamic pricing generally provides the largest aggregate
impacts due to high expected enroliment rates
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Potential Study Overview

Several large C&l and
residential programs
are highly cost-effective

70 The most cost-effective

60 | programs tend to be
50 | pricing programs and
40 I curtailable tariffs

Large C&I  Large C&I  Large C&I Medium C&I Medium C&I Residential Residential Residential Residential Residential
CPP, Opt-Out CPP w/Tech, Curtailable Curtailable CPP, Opt-Out BYOT-  BYOT-Space PTR,Opt-ln BYOT-AC, AC/Space
Opt-0Out  Tariff, Opt-In Tariff, Opt-In AC/Space Heating, Opt- Opt-In Heating DLC,
Heating, Opt- In Opt-In
In

10.0

9.0

8.0

Benefit-Cost Ratio
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Portfolio Development

= Results from the potential study were then modified to account for
various factors:

= Allow for pilot periods

= Interactions between programs

= Pragmatic participation rates/time-to-saturation

= Timing aligned with other initiatives (CET)

= Evaluation requirements (control group holdouts)
= Programs selected based on:

= Achievable MW

= Cost-effectiveness

= Lessons learned from pilots
= Created three scenarios to account for uncertainty:

= Low, Reference, High

= Differing assumptions on adoption rate, maximum participation, and
programs considered

/Portland General
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Portfolio Development: Results (2021 MW)

= Low: 36 MW (Winter), 40 MW (Summer)

= Time of Use Pricing (Opt-in)
Peak Time Rebate (Opt-in, Residential and Small C&l)
Traditional Direct Load Control (Water Heat)
Smart Thermostats (Residential and Small C&l)
Energy Partner
= Restructured Curtailable Tariff

= Reference: 78 MW (Winter), 74 MW (Summer)
= All Above
= Behavioral Demand Response (Residential)
= High: 191 MW (Winter), 162 MW (Summer)
= All Above
= Default Time-of-Use and Peak Time Rebate

= Smart Water Heaters
= Smart EV Charging
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Portfolio Development: Results (2021 MW)

December 17, 2015 Slide 57

2021 Peak Reductions by Class, Reference Scenario

Season
Portfolio Summer Winter
Third-Party DLC Third-Party
36 DLC
205

Heavy
BYOT - AC
88
Behavioral DR |[BYOT - Behavioral DR Third-Party
26.0 AC 36.8 DLC
113 153
Reference
Third-Party DLC
15.1
Light
Class

M Large C&I W Medium C&l M Residential [l Small C&I
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Portfolio Development: Timeline

December 17,2015 Slide 58

= Maijor factor affecting 2021 impacts is that most programs are not
deployed until 2020

Timeline by Program Type, Reference Scenario Program_.rype .

120 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

= 2035 targets:
= Low: 145 MW (Winter), 136 MW (Summer)
= Reference: 197 MW (Winter), 182 MW (Summer)

= High: 296 MW (Winter), 258 MW (Summer)
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Next Steps

= Smart Thermostat and Energy Partner pilots deployed
= Ongoing M&V will inform full-scale program design
= Residential pricing pilot being developed for 2016 deployment
= Residential DLC pilot will be developed for 2017 deployment
= PGE will continue to monitor key metrics to inform full scale programs:
= Peak impacts
= Enrollment rates
= Customer experience

/Portland General
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Cost-Effectiveness Methodology

= As part of UM 1708, PUC requested PGE develop cost-effectiveness
methodology for demand response

= At a high level, PGE plans to follow CA demand response cost-
effectiveness protocols
= Will look at four B/C tests, with primary metrics being TRC and UCT

= We see this fitting into larger conversation on integrated (smart) grid
metrics, storage, and planning of distributed resources

= Will discuss in more depth with PUC staff at February meeting on integrated
( smart) grid metrics

= Also engaging in discussions with Energy Trust staff to ensure consistency
and avoid double-counting while acknowledging full value

/Portland General
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Resource Adequacy and Capacity Contribution
-]

= Review 2013 IRP capacity needs and contribution methodologies

= 2016 IRP Study

= Review E3 survey info

Review RECAP modeling

Results of capacity needs assessments

Results of capacity contribution assessments

Summary of improvements

= Potential items for next IRP cycle
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Resource Adequacy Assessment: 2013 IRP
N

= Seasonal capacity load-resource balances (LRBs) were used in the
2013 IRP to determine capacity needed to achieve resource adequacy.

= Resource need was determined by the seasonal peak load plus 6% for
contingency reserves and approximately 6% for operating reserves
(spinning and supplemental).

4,500 2018: 3 MW Surplus
2017: 83 MW Surplus ye

2016: 32 MW Deficit Y e
4,000 AN

1:2 Winter Peak + Reserves
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Resource Adequacy Assessment: 2013 IRP

= Thermal: Seasonal peak capacities. Not derated for forced outages or
maintenance

= Hydro: 4-hr sustained capacity in average hydro year for most systems

= Wind and Solar: based on studies of alignment with peak load
= Wind: Biglow Canyon generation (2011-2012)
= Solar: Forecast generation

= All wind and solar in LRB and candidate portfolios treated with same capacity
contribution.

= Stochastic Loss of Load study based on a different model
= Varied load, hydro, wind, plant forced outages

= Hydro and wind independent from load

/Portland General
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Resource Adequacy Assessment: 2016 IRP

Key areas of focus for 2016 IRP:
= PGE indicated intent to revisit adequacy in 2013 IRP

= Changes to load profile and significant changes to resource portfolio — need
to reassess contingency reserves.

= Prefer consistent methodology for resource adequacy, capacity contribution,
and portfolio adequacy assessments.

= Wind and solar capacity contributions: improve data sets and ability to
capture resource/location diversity benefits, load correlations, and
impacts of increased saturation levels .

/Portland General
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Resource Adequacy Assessment: 2016 IRP
N

= PGE retained Energy and Environmental Economics (E3) to conduct a
resource adequacy and capacity contribution study for PGE's system
based on a forecast of 2021.

= Survey of other utility’s metrics and methodologies for resource adequacy
and planning reserve margin (PRM)

Capacity needs assessment for 2021 (annual and seasonal assessments)

Capacity contribution of existing renewable resources

Marginal capacity contribution of candidate renewable resources

E3 presented preliminary results at the August 13 Public Meeting

/Portland General
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E3 Study: Survey of Utilities

+ E3investigated reliability criteria, planning reserve margins,
and PRM accounting methodologies for several utilities

« Other utilities in the West and similarly-sized utilities throughout the
country

+ High-level findings:

« No industry-standard method of determining acceptable reliability or
PRM

 No NERC or WECC requirements or standards
-  PRM accounting methodologies vary by utility

* Planning Reserve Margins range from 12-20%

E3, Capacity and Flexibility Needs under Higher Renewables, Oct 1, 2015, Slide 8
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E3 Study: Survey of Utilities

PeakDemand it 2021 Planning Criterion PRM Peak Season
(Mw)
7,000 MW LOLP: 5%* 16% (2023- 2024) = Winter
Summer: 1,700 MW, 22% (14% +
Winter: 1,900 MW LRLE: 3 operating reserves) o
10,876 MW LOLE: 2.4 hrs/ year 13% Summer
9,071 MW One Event in 10 Years 15% Summer
_ 2,696 MW PRM 15% Summer
. . . Greater of 13% or
Public Service Co. of New Mexico 2,100 MW LOLE: 2.4 hrs/ year 250 MW Summer
El Paso Electric _ 2,000 MW PRM 15% Summer
Cleco 3,000 MW LOLE = 1-day-in-10 yrs. 14.8% Summer
Kansas City Power & Light _ 433 MW Share of SPP** 129 summer
Oklahoma Gas & Electric | 5,500 MW Share of SPP** 12%** Summer
South Carolina Electric & Gas 5,400 MW 24 to 2.4 days/10 yrs 14-20% Both
Tampa Electric | 4,200 MW PRM 20% Both
Interstate Power & Light 3,300 MW PRM 7.3% Summer
Florida Power and Light 24,000 MW PRM 20% Both
California I1SO 52,000 MW LOLE: 0.6 hours/year 15-17% Summer
* PSE and Avista use NWPCC criterion of 5% probability of shortfall occurring any time in a given year
** SPP uses 1-day-in-10 years or 12% PRM system-wide
E3, Capacity and Flexibility Needs under Higher Renewables, Oct 1, 2015, Slide 9 /I'-'ortland General
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E3 Study: Modeling

= E3 used their publicly available Renewable Energy Capacity Planning
Model (RECAP) to model PGE’s system in 2021.

= Resource adequacy target. Loss-of-Load Expectation (LOLE) of 2.4
hours per year.

= Adequacy defined as ability to meet load and required operating
reserves for a given hour.

= This is a “pure” capacity study. It assesses resource ability and system
needs on an hourly basis.

= Study is not a flexible capacity study. It does not assess all capacity
needs or abilities (frequency response, regulating margin, following,
ramping, commitment, etc.)

/Portland General
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E3 Study: Modeling

= RECAP is a probability-based model. In order to understand the
results of the model, it is important to understand the treatment of
loads and resources in the model.

/Portland General
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E3 Study: Load

+ RECAP uses load shapes that capture 33 years of weather
conditions (1980-2012) with today’s economic conditions

+ Pre-2006 shapes simulated with weather data and neural
network model trained on 2007-2012 load and weather
conditions

+ Load shape scaled to match 2021 monthly and seasonal 1-in-2
peak and energy provided by PGE

+ PGE 2008-2014 loads incorporated into E3’s historical-weather-
based load time series

E3, Calculating PRM and ELCC, Oct 1, 2015, Slide 26
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E3 Study: Load

Sample Utility Hour (non-PGE)

- S Load Probability Distribution
= Probability distributions Weekday - September HE 13 EST
are created for each hour.
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E3, Calculating PRM and ELCC, Oct 1, 2015, Slide 16
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