PortlandGeneral.com

/PG E Portland General Electric Company
- 121 SW Salmon Street © Portland, Oregon 97204

December 14, 2015

Via Electronic Mail
puc.filingcenter@state.or.us

Public Utility Commission of Oregon
PO Box 1088
Salem OR 97308-1088

Re: UM 1719 - Investigation to Explore Issues Related to a Renewable Generator’s
Contribution to Capacity — Portland General Electric Company’s Direct Testimony

Attention Filing Center:

Enclosed for filing in Docket Number UM 1719 are Portland General Electric Company’s Direct
Testimony of Franco Albi, Robert Macfarlane and Arme Olson.

If you have any questions or require further information, please call Robert Macfarlane at (503)
464-8954.

Please direct all formal correspondence and requests to the following email address:
pge.opuc.filings@pgn.com.

Sincerely,

/]

Karla Wenzel
Manager, Pricing & Tariffs

Enclosure




UM 1719/ PGE /100
Albi - Macfarlane

BEFORE THE PUBLIC UTILITY COMMISSION

OF THE STATE OF OREGON

UM 1719

Investigation to Explore Issues Related to a
Renewable Generator’s Contribution to
Capacity

PORTLAND GENERAL ELECTRIC COMPANY
Direct Testimony of

Franco Albi
Robert Macfarlane

December 14, 2015




1L

II1.

Iv.

VI.

VIIL

VIII.

IX.

UM 1719 /PGE /100

Albi — Macfarlane / i
Table of Contents

Introduction and SUMMATY ......eciiinvrorseioressnsisossissseesssessssessssssssssssssssnnans 1
SEATT ISSUES cuvirriririeitiiiineensretintentinecsntessessssssessisssesstsssssssessassssossesssesssssssssesnatsssassonas 5
Capacity Contribution Methodology .........eeeioinemniininnenisenniiinnenissnecsensessesonces 11
Input Data, Results, and Applications ...........eevicrnrereneneninicecicsecnscsssssesesssseses 15
PGE Capacity Contribution Calculations ...........cceevveerennecnenscnsscnsseosonsccananen 20
2OT3 TRP ettt et sttt ettt et e e e ba e st e esee e 20
2010 IRP ..ottt ........................................................... 20
Future Considerations .........c.cccerieeeeeriienieeie ittt eriee st et eeesestaeseeeteasaeesnsesenreesaessssensens 22
MiINIIUI TOPICS coveierrriesrreronsurcssrmrssnsssnsessasssssssssssssssosssessassessasssassssesssssssssassessonsessasssssnas 24
Additional Considerations ......eeeeieienreicneinisicssnsnnssinssessesssessesssiosssssssssssnsassssssases 28
Recommended ACHOMS ......eiveeniininsenieiiseinseienseisisssenssnssstessecssesssessessssssssonsssnssssssnsens 30
QUANTICALIONS ccovvirrreiircarereecsoreressarssssssssasessssssesssanssessassssssssssssssnsssssossessssasssssasasssassssnanase 31

UM 1719 — Direct Testimony



10

11

12

13

14

15

16

17

18

19

20

21

22

UM 1719/ PGE/ 100
Albi - Macfarlane / 1

I. Introduction and Summary

Q. Please state your names and positions with Portland General Electric (“PGE”).

My name is Franco Albi. I am the Manager of Integrated Resource Planning for PGE.

My name is Robert Macfarlane. I am a senior analyst in Pricing and Tariffs for PGE.

Our qualifications are included at the end of this testimony.

Q. What is the purpose of your testimony?

Our

testimony responds to OPUC Order No. 15-077 ("Investigation to Explore Issues

Related to Renewable Generator's Contribution to Capacity"). Our testimony includes the

following:

Summary of PGE's response to issues raised in Staff's Report;

Discussion of issues related to methodologies, input data, results, and applications;
Discussion of PGE's capacity contribution methodologies in the 2013 IRP, 2016 IRP,
and future considerations;

Summary of PGE's response to the minimum required topics; and

Conclusion and recommendations.

In addition, our testimony incorporates expert witness testimony provided by Arne

Olson of Energy and Environmental Economics (E3) in PGE Exhibit 200. Mr. Olson's

testimony addresses the following questions:

1.

2.

Why are assessments of capacity contribution important for system planning?

What are the most commonly-used methodologies for determining capacity
adequacy?

What techniques are used to assess the capacity contribution of variable generation

resources and what are their advantages and disadvantages?

UM 1719 — Direct Testimony
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4. What methodology did PGE select to assess capacity contribution for the 2016
Integrated Resource Plan (IRP)?

5. What are the strengths and limitations of PGE's approach?

Q. Please discuss the Staff Report included in Commission Order No. 15-077.

A. The Staff Report provided a definition of renewable resource contribution to capacity, a

discussion of issues related to determining capacity contribution and a statement that ". . . no
single method has clearly been accepted as either an adopted standard or a de facto
standard."! Staff also summarized methods used in IRPs by Oregon investor-owned utilities
(10Us) in 2013 and 2015.

Staff summarized some of the potential stakeholder impacts identified in comments from
the 2013 IRP proceedings. These included qualifying facilities (QFs), planning reserve
capacity, regulation reserve capacity, costs to comply with the Oregon Renewable Portfolio
Standard, the resource value of solar, and fairness to customers and independent power
producers (IPPs) for capacity payments.

Finally, Staff identified potential issues for investigation in this docket, including fairness
of treatment, variations in approaches, and frequency of updates. These issues are discussed

in Section II of this testimony.

Q. Does PGE have any initial comments on the Staff Report?

Yes. PGE would like to discuss Staff's description of a renewable resource's capacity
contribution in order to clarify terminology used in PGE's testimony and to note that many

terms discussed in this docket are Subj ect to differing interpretations by each party.

! Order No. 15-077, Appendix A at 2.
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The Staff Report for Order No. 15-077, states "[a] renewable generator's contribution to
capacity (CTP) is a measure of the most likely amount of capacity (megawatts) the resource
can deliver at the exact time of the utility's annual peak load."?

PGE uses "CTP" as an abbreviation for "Contribution to Peak" and in PGE's
understanding, the definition provided by Staff is one specific version of various definitions
of CTP. PGE considers CTP to be one subset of definitions of "contribution to capacity".

CTP is an assessment of the contribution to some specified peak hours or alignment with
some definition of peak load. While this may be considered a proxy for contribution to
capacity, it is a limiting definition. Contribution to capacity also has broader meanings,
including effective load carrying capacity (ELCC) and equivalent firm or conventional
capacity.

In determining whether or not the appropriate methodology is being used, it is first useful
to determine the question that is being assessed. In some cases, the question may indeed be
to determine the CTP, while in others, the question may be to determine the ELCC.

Many of the other issues raised in the report will be discussed in the following sections of

this testimony or in PGE Exhibit 200.

Q. Are there minimum required issues to address in this testimony?

Yes. On August 25, 2015, the Administrative Law Judge issued a Memorandum requesting
parties to address a set of minimum issues in their testimony. PGE addresses the issues
throughout this testimony and in PGE Exhibit 200. Additionally, Section VI Minimum

Topics of this testimony provides a summary of PGE's responses to the minimum issues.

Q. Please summarize PGE's recommendations to the Commission in this docket.

2 Order No. 15-077, Appendix A at 2.

UM 1719 — Direct Testimony
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A. PGE recommends no changes to existing procedures and policies as a result of the issues

raised in this docket. Existing policies and procedures are sufficient, have adequate
mechanisms to raise and address questions, and are functioning well in service to all
stakeholders.

A requirement for a standardized methodology will not benefit customers, utilities,
developers, or IPPs. It will not improve results and may be problematic or impractical for a
given system, a given application, or a given set of resource data. Additionally, it could
unnecessarily result in lengthy regulatory proceedings to adopt updates to the methodology.
Such proceedings may inhibit or delay planning and procurement processes.

In this testimony, PGE recommends questions for utilities and stakeholders to consider,
within the existing regulatory framework, in order to improve upon all aspects for capacity
contribution values while maintaining the flexibility to adapt to rapidly changing systems,

technologies, and modeling tools.

UM 1719 — Direct Testimony
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1I. Staff Issues

Q. What is the first item in the list of Staff Identified Issues?

A. The first item is:

"At present, each utility is left to make its own determination of CTP. This could be seen as
unfair treatment of independent renewable power produces (IPPs) under a standard PURPA
QF contract among the three utilities — some parties will gain and some lose simply based on
the CTP calculations method chosen. The relative risks and benefits of a standardized

method of calculations should be explored."

. Does the current process of each utility determining renewable resource contribution

to capacity provide for unfair treatment of IPPs?

No. The fact that each utility separately determines renewable capacity contributionbvalues
is not an unfair process for IPPs. First, an IPP selects the utility to receive its output..
Second, as discussed in PGE Exhibit 200, in addition to depending on the profile of the
resource, the estimated capacity contribution that an individual project (including IPP
projects) brings is utility-specific because it depends on the load and resource characteristics
of the system to which the project is delivered. Third, the current values are determined in
IRP processes that allow extensive public involvement. Public meetings, workshops,
comment periods, and discovery provide opportunity for stakeholder input, review and
engagement in both IRP planning and the Commission’s IRP acknowledgment process.
Finally, in avoided cost proceedings, the capacity contribution value is just one of several
items each utility calculates independently, often with independent methodologies. For

example, each utility proposes its own resource needs affecting the sufficiency/deficiency

? Order No. 15-077, Appendix A at 5.
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period delineation, renewable integration costs, market energy price forecasts, gas price
forecasts, cost of capital, resource costs, long-term transmission costs, and a variety of other
factors that affect prices paid to IPPs.

Would standardizing the methodologies provide for standardized capacity
contribution values?

No. For many methodologies, the calculations are specific to the load and resources of each
utility and would likely result in different contribution values.

What are the potential benefits of requiring a standardized methodology?

One perceived benefit is a simplification of the regulator review process due to a reduction
of the number of methods used. However, as discussed below, this potential benefit may not

be achievable and is outweighed by the disadvantages.

. Are there any potential risks to requiring a standardized methodology?

Yes. Requiring the use of a standardized methodology does not improve results. There are

a number of potential risks including the following:

o The required methodology may not be appropriate for all systems and applications,

potentially creating less robust or less applicable results than other methodologies. For
example, a requirement to use a time-window methodology with specified hours may not
align with an individual utility's peak needs, resulting in less meaningful capacity

contribution values.

e A standardized methodology may not align with each utility's capacity needs assessment

methodology, potentially creating inconsistencies between the assessment of capacity

needs and the attribution of capacity values to renewable resources.

UM 1719 — Direct Testimony
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e For some methodologies, the complexity of the calculations may cause them to be
impractical to use in every application, resulting in the need to generalize the
methodology or to ﬁse an alternate methodology. Additional discussion of this is
included in Section III of this testimony and in PGE Exhibit 200.

e A standardized methodology may create a false sense of accuracy in the results by nature
of it being required. Due diligence on the appropriateness of a methodology is reduced
when the methodology is standardized.

e The regulatory process to approve an update to a required methodology applied to all
utilities may be cumbersome and time consuming. This could potentially result in
substantial disconnects between the methodology and rapidly evolving utility systems, as
well as delays in the ability to adopt advanced models or methodologies that may emerge.

e If a required methodology is not appropriate for a system or application, utilities may
need to perform additional calculations with more appropriate methodologies to plan for
system reliability.

Q. What was Staff's second issue?

The second issue raised by Staff was that "[t]he various approaches currently used by

Oregon utilities to determine CTP have not been compared to each other and analyzed for

accuracy and precision. The methodologies should be compared to those methods utilized

4

by utilities outside of Oregon to compare accuracy and precision."

Q. Please discuss this issue.

* Order No. 15-077, Appendix A at 5.
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A. Utilities may use different methodologies for a variety of reasons, including the capacity

contribution question that is being studied (for example, "contribution to peak"” vs. "effective
load carrying capacity"), the nature of their systems, and the data available.

As discussed in PGE Exhibit 200, methodology is only one factor in determining the
reasonableness of results. The data used and data processing are significant factors in
determining the usefulness of results. Methodology, by itself, does not guarantee a level of
accuracy or quality.

Further, PGE notes that forward looking renewable resource capacity contribution
values are estimates and often reflect a specific modeling snapshot of technology, load, and
system characteristics. The estimates are likely to differ with different technology
parameters and system profiles. For some technologies, the behavior of the resource can
vary significantly year-over-year.

For these reasons, comparing methodologies between utilities is not a straightforward
process and may not be useful in assessing accuracy. Focusing on “compar|ing] accuracy”
and precision” may result in a false sense of correctness. The appropriateness of
calculations and the reasonableness of the results depend on the utility, the technology, and
the capacity question.

With the objective to obtain appropriate and reasonable results, parties may consider the
following questions when examining capacity contribution values:

1. What is the appropriate capacity contribution question for the specific
application?
2. Does the methodology selected address the question? (And when relevant, does

the methodology align with the utility's capacity assessment methodology?)

UM 1719 - Direct Testimony
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3. Are the input data, and the method to process the data, appropriate?

4. Are the results being applied appropriately to specific applications?
Did Staff identify any additional issues?
Staff raised the issue of how frequently capacity contribution values should be updated.
Why might the results of capacity contributions calculations need to be updated?

There are several reasons that results of capacity contribution calculations may need to be

’ updated. As discussed in PGE Exhibit 200, many contribution values represent estimates for

specific resources given a specific modeling of a system and load. Some of the reasons that
may create the need to update contribution values include changes to the following:

1. Load forecasts and shapes;

2. Resource portfolios, including the acquisition of new resources;

3. Available input data to model the renewable resource in question;

4. Reliability requirements;

5. Capacity needs assessment modeling;

6. Other related parameters

Q. When should capacity contribution values be updated?

The timing of updates will vary by utility and resource. Each utility needs to assess its
circumstances to determine when it is necessary to update capacity contribution values. For
example, as discussed in PGE Exhibit 200, the marginal capacity contribution for a resource
type declines as a utility adds additional resources of the same type to a system. The rate of
decline can vary.substantially between resource types and depending on the saturation level

of the utility. This may mean that the acquisition of 100 MW of one resource for a

UM 1719 — Direct Testimony
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particular utility could trigger the need to update the marginal capacity contribution value

while the acquisition of 100 MW of a different resource may not.

UM 1719 — Direct Testimony
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III. Capacity Contribution Methodology

Q. What are the main types of capacity contribution methodologies?

A.

The two main varieties of capacity contributions are heuristic methodologies and ELCC
methodologies. Within each type, there are a number of variations to the methodologies.
Heuristics and ELCC methodologies are described in PGE Exhibit 200, including a
discussion of benefits and risks.

Are there factors that might make one methodology more appropriate than another
for specific applications or utilities?

Yes. One consideration is the nature of the specific capacity contribution question. For
example, different methodologies may be better suited to addressing the contribution for a
specific peaking period, while others may be better suited to estimating contributions to
reducing potential loss of load events. Another consideration is the composition of
resources that a utility has, such as whether or not a system has large amounts of storage.
The data available is also an important factor. For example, using a complex statistical
model may bring little value if a data set is very limited. These and other factors are
discussed in PGE Exhibit 200.

PGE Exhibit 200 discusses PGE's planned use of an ELCC methodology in the 2016
IRP. Does PGE recommend that all utilities be required to use ELCC methodologies
to calculate capacity contributions for renewable energy resources?

No. ELCC calculations may not be necessary or appropriate for all utilities and all
applications.  Depending on a utility's portfolio of resources, capacity assessment
methodology, input data availability and the capacity contribution question, another

methodology, such as a heuristic, may be more appropriate. Each utility needs to determine

UM 1719 — Direct Testimony
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and support the appropriateness of its selected methodology given associated risks,
resources, and planning procedures. Additionally, utilities that use ELCC methodologies
may also need to use simpler methods or apply additional adjustment factors for some

applications.

Q. Please discuss why simpler methods may be needed for some applications.

ELCC-type calculations are for a specific forecast of system conditions and a specific set of
resources. As discussed in PGE Exhibit 200, they are computationally, time, and data
intensive. It may not be practical or useful to produce ELCC studies for all permutations of
system conditions and potential resources. For example, in an IRP process, portfolio
construction may involve a number of years, each representing different system conditions
and a number of different combinations of candidate resources across those years.
Calculating ELCC values for each instance would be impractical. Generalizations may be |

needed to interpolate between, or extrapolate from, ELCC calculations.

Q. Please discuss what is meant by ""apply additional adjustment factors".

If, for example, a utility calculates a generic ELCC value for solar in Region A, based on a
set of plant characteristics, the utility may also develop an equation to adjust the capacity
contribution value attributed to individual projects based on their specific parameters, such

as panel orientation, tracking systems, or photovoltaic technology.

Q. Why might this be useful?

Given the impracticality of producing project specific ELCC calculations for all potential
permutations of projects and system conditions, using an equation to adjust capacity value
based on project characteristics may be a practical way to develop project specific values.

This can be important when comparing two projects in the same region with different plant

UM 1719 — Direct Testimony
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characteristics in a request for proposal (RFP) process or when determining capacity pricing

in avoided cost calculations.

. Are there benefits to requiring other methodologies to be benchmarked against an

ELCC?

In some instances, such as the use of generalizations to interpolate between or extrapolate
from calculated ELCC values, an ELCC calculation could be used to check that the
interpolation or extrapolation method is reasonable; however, due to the complexity of
ELCC calculations, it likely would not be practical to check all generalizations.

Are there any drawbacks to requiring other methodologies to be benchmarked against
an ELCC?

Yes. Such a requirement would disallow other reasonable ways of supporting
methodologies without using an ELCC calculation and would not guarantee that the
benchmark preduces a useful assessment of the methodology in question.

Depending on the nature of the question (contribution to peak vs. effective load carrying
capacity) and the nature of the system (such as one with considerable storage), an ELCC
calculation may not provide a useful assessment of capacity contribution, in which case it
would also not serve as a useful benchmark for the methodology in question.

Additionally, given the complexity of ELCC calculations and the importance of data
preparation, it may not be practical or useful to require ELCC calculations as a benchmark
for all situations. For example, in some instances, the time and resources needed to conduct
a meaningful ELCC calculation may be prohibitive.

In the current regulatory framework, what mechanisms are available for stakeholders

to address concerns about capacity contribution methodologies?

UM 1719 — Direct Testimony
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A. Stakeholders have the opportunity to participate in utilities’ IRPs through public meetings,
technical workshops, discovery, and comments. For some applications such as avoided cost
pricing, stakeholders also have the opportunity to file comments or testimony, in addition to
discovery.

Q. Are these mechanisms functioning to address stakeholder concerns?

Yes. For example, stakeholder concerns raised during PGE’s 2013 IRP process contributed
to the prioritization of reviewing capacity contribution methodologies in PGE's 2016 IRP
process. The study conducted to update the methodologies for the 2016 IRP is discussed in

PGE Exhibit 200 and in this testimony.

UM 1719 — Direct Testimony
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IV. Input Data, Results, and Applications

Q. What updates to capacity contribution inputs may be needed?

Utilities may need to update inputs to reflect changes to their profiles of resources, needs, or

requirements, such as to incorporate updated load forecasts or recently acquired resources.
Updates may also be needed to incorporate additional historic or synthetic generation

data for resources, or to incorporate refreshed correlations among load and resource data

sets.

Q. When should data be updated?

As discuss previously, the timing of updates will vary by utility and resource type. Each
utility needs to assess the changes to its system and determine whether or not the input data
to a capacity contribution calculation needs to be updated. For example, a utility may
update inputs during an IRP cycle and then determine that significant changes in the load
forecast require the load inputs and correlations to be updated prior to producing

calculations for an RFP cycle.

. Why is it important to update inputs?

The usefulness of results is highly dependent on the quality of data available, as discussed in
PGE Exhibit 200. Incorporating updates to inputs increases the likelihood the results
reasonably reflect the resource capacity contributions. This allows for better valuations for

customers, shareholders, and IPPs.

Q. Are there additional data issues to consider?

Yes. Additional issues are discussed in PGE Exhibit 200. These include the sample size,

annual variability, synthetic data, and data preparation.

UM 1719 — Direct Testimony
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Given the importance of data to the quality of results, it is necessary to understand the
nature of the variability of the resources that are modeled and the quality and limitations of
the data available, as well as to apply care to the preparation of data, including the
correlations among data sets.

Are the results of renewable resource capacity contribution assessments dependent on
the characteristics of the utility receiving output from the resource?

Yes. For most methodologies, the results are dependent on the characteristics of the utility.
Utilities have different system profiles, including loads, resources, and existing renewables.
This means that the same project would have different capacity values depending on the
balancing authority to which it is delivered, regardless of whether or not the same
methodology is used to calculate the capacity contribution. This is discussed in PGE Exhibit
200. |

Is this reasonable even though a project's generation is the same regardless of the
utility that receives it?

Yes. As discussed in PGE Exhibit 200, the capacity contribution of a resource depends on
both the load profiles and the characteristics of the other resources in the portfolio to which
it is added. Just as a specific project may incur different integration charges depending on
the system that provides its integration services, the capacity value of a project is dependent
on the system that it is delivered to. The output of a project is only one component in
determining capacity contribution. Accounting for the profile of the receiving system must
be considered.

Would it be reasonable fo require all utilities to use a regionally calculated capacity

contribution value for each resource type?

UM 1719 — Direct Testimony
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A. No. The Pacific Northwest does not have a single, centrally-cleared market for capacity.

Each utility is responsible for procuring capacity sufficient for its own load-service
obligations. It would not be reasonable to apply regional capacity contribution values to a
group of utilities that are independently responsible for their capacity adequacy as each
utility has a different profile of needs and resources. The alignment of generation from a
renewable resource with the hours of need of an individual utility will differ from the
alignment with the hours of need of the region. For example, the Pacific Northwest includes
both winter peaking and summer peaking utilities. The capacity contribution of solar
resources would obviously be much lower for a winter-peaking utility than for a summer-
peaking utility. The estimated capacity contribution should be calculated based on an

individual utility's characteristics, not that of the Pacific Northwest region as a whole.

Q. Please describe some possible uses for the results of capacity contribution calculations.

Examples of applications include, but are not limited to, IRP capacity needs assessments,
IRP portfolio construction, RFP evaluation processes, RPS compliance implementation
plans, avoided cost pricing, Value of Solar, Voluntary Renewable Energy Tariff, and

Community Solar programs.

. What are some of the considerations that need to be addressed when applying results

to different applications?

For each application, the capacity contribution calculation needs to be framed by appropriate
contextual parameters. For example, an IRP may produce a single annual capacity
contribution for Resource A. While this may be suitable for long-term capacity planning
questions related to Resource A, it may not be appropriate for capacity price calculations

such as in avoided cost pricing. For price calculations, it may be necessary to incorporate

UM 1719 — Direct Testimony
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additional factors such as seasonal and diurnal shaping of capacity need in order to calculate
meaningful prices.
Does this testimony establish a specific process for applying a capacity contribution to
an avoided cost price calculation?
No. This docket is not the place to determine the specific steps for applying a capacity
contribution value to avoided cost pricing for QFs or for any other specific application. The
application of results from a capacity contribution methodology should be examined
individually, with consideration for appropriate adjustments based on the specific
application.
Has PGE established procedures for applying the capacity contribution methodology
to other applications?
No. The study for the 2016 IRP was completed in the fall of 2015 and PGE has not
established procedures to meaningfully apply the methodology to other applications. As the
new methodology is a substantial change from the 2013 IRP, PGE anticipates additional
factors may need to be addressed as procedures are developed for other applications. As
each application is addressed, a variety of questions will be examined, including the
following:

e Does the question of capacity contribution for the application align sufficiently with

the 2016 IRP methodology?
e Are there any material updates to resources or requirements that need to be
incorporated?

e Are there any substantial modeling changes that need to be incorporated?

UM 1719 — Direct Testimony
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e s a generalized methodology needed to interpolate or extrapolate from the calculated
values from the 2016 IRP study?

e Are adjustments needed to account for project specific attributes?

e s information needed in addition to an annual capacity contribution value?

e What steps are needed to apply the results appropriately to the specific application?

e Are there other relevant considerations that need to be addressed?

UM 1719 — Direct Testimony -
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V.  PGE Capacity Contribution Calculations

A. 2013 IRP

[y

Q. How did PGE assess capacity need in the 2013 IRP?

2 A. Inthe 2013 IRP, PGE assessed separate winter and summer seasonal capacity needs based

3 on forecast one-in-two seasonal peak loads plus additional reserves. The reserves were
4 composed of a six percent contingency reserves and approximately six percent operating
5 reserves (spinning and non-spinning reserves). PGE indicated that it would likely consider
6 alternative capacity assessments for the next IRP cycle.’

7 Q. How did PGE estimate renewable capacity contributions in its 2013 IRP capacity needs
8 assessment?

9 A. Inthe 2013 IRP, PGE estimated the capacity contribution of the Biglow Canyon Wind Farm

10 (Biglow) based on Biglow's generation during peak load hours in 2011 and 2012.° When
11 estimating seasonal capacity needs, PGE applied Biglow’s capacity contribution to all other
12 wind resources. The capacity contribution for solar resources was estimated based on an
13 examination of forecasted alignment of solar generation with peak load that used a similar
14 method to Biglow's analysis.”

B. 2016 IRP

15 Q. Does PGE plan to provide an updated capacity contribution methodology in the 2016

16 IRP process?

° PGE’s 2013 Integrated Resource Plan at 49.

¢ PGE’s 2013 Integrated Resource Plan at 174.

7 «Stakeholder Presentation,” Slides 57-68. Public Meeting, August 29, 2013. Available at
https://portlandgeneral.com/our company/energy strategy/resource planning/docs/august2013 stakeholder.pdf
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A. Yes. PGE retained Energy and Environmental Economics, Inc. (E3) to conduct a planning

reserve margin and capacity contribution study using E3's Renewable Energy Capacity
Planning (RECAP) model. The study used a comprehensive reliability based methodology
for assessing capacity needed to achieve a resource adequacy target and the capacity
confributions of existing resources. It also produced marginal capacity contribution

estimates for potential renewable resources using consistent methodology and system

‘modeling. PGE Exhibit 200 describes this study in greater detail.

Q. Is this study an improvement to the 2013 IRP?

Yes. The study has a number of improvements. First, the study allows PGE to assess the
capacity needed to achieve a resource adequacy target based on a comprehensive loss of
load study of PGE's expected system in 2021. Second, the study allows PGE to apply a
single model and data set to three steps in the IRP process (the capacity needs assessment,
the capacity contribution calculations, and portfolio risk assessments), improving the
usefulness of the results. Third, an improved and expanded set of input data was used that
included more extensive wind and load data. Fourth, the method incorporates portfolio
effects, allowing PGE to assess the capacity contributions from candidate portfolios of

different wind and solar resources, improving the portfolio evaluation process.

Q. Did this study examine all capacity needs and all capacity attributes of resources?

No. As discussed in PGE Exhibit 200, the study assessed resource adequacy and
contributions based on hourly values of needs and resource abilities. It did not examine the
need for additional capacity to manage sub-hourly following, regulating margin, or
frequency response, nor the ability for resources to provide those services. It also did not

examine ramping needs, ramping abilities, or unit commitment characteristics.
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Q. Does PGE intend to use the methodology or results in applications other than the 2016

IRP?

PGE will evaluate on a case-by-case basis whether the capacity contribution methodology is
appropriate for other applications such as the RFP process and avoided cost pricing. As
discussed previously, in addition to updating inputs as appropriate, care needs to be taken to
properly apply the results to different applications. Given the significant changes to the
capacity assessment methodology since the 2013 IRP, it will be important for PGE to
examine each application individually and monitor for any unforeseen issues as the
methodology is utilized in more applications. Additionally, PGE will continue to evaluate

the calculations and consider improvements, as discussed in the following subsection.

Q. Are there applications for which PGE intends not to use this methodology?

There may be some applications currently using other methodologies that are not be suited
to using the same methodology as the IRP, or that may be required to use a specific
calculation method. Each application will be addressed on a case-by-case basis.

With respect to the 2016 IRP cycle, it is not practical to conduct a detailed ELCC study
for each resource and each combination of resources and load profiles that PGE might
consider. As a result, PGE will need to generalize the results of the ELCC studies to apply

to combinations other than those studied. This is discussed in PGE Exhibit 200.

C. Future Considerations

Q. Does PGE anticipate any updates to its capacity contribution calculations?

As appropriate, PGE will continue to review and improve its capacity calculation

methodologies and inputs. Some possible next steps include:
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Develop the ability to model the capacity need and contribution calculations within

PGE. PGE anticipates that bringing the work in-house, rather than reliance on
external consultants, will allow for a larger number of modeling runs (with varying
locations and technologies) and a faster process for updating input data.

Improve and expand input data. PGE plans to continue to work to improve and

expand the data used in the calculations. This includes examining the load, wind, and
hydro data sets, improving treatments of weather and temperature correlations, adding
data to model new resources, and periodically reviewing the modeling of existing
resource parameters.

Determine the practicality of producing more granular results and the materiality of

differing levels of granularity. PGE intends to examine the time and resources

necessary to perform calculations at varying levels of granularity for changes to
resource type, location, and system attributes. In addition to assessing the modeling
time needed, the amount and quality of data will also need to be assessed. These will
be considered against the materiality of the results to assess the appropriate level of
detail.

Explore modeling and methodology options. PGE intends to continue to examine

different options for assessing capacity needs and contributions including evaluating
expected unserved energy, using a time-sequential model, evaluating different
variations of ELCC calculations, and investigating issues related to using ELCC
calculations for systems with substantial storage or demand response resources.
Evaluations of options will need to consider increases in complexity and time in

comparison to benefits of improved results.
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VI. Minimum Topics

Q. What are the minimum required issues to address in this testimony?
A. On August 25, 2015, the Administrative Law Judge issued a Memorandum requesting that "
... all parties address, at minimum, the following matters:
1. The preferred methodology to calculate a renewable generator's contribution to
capacity; and :
2. The pros and cons of:
a. Using an Effective Load Carrying Capability (ELCC) calculation;
b. Requiring an alternative or approximation method to be benchmarked against
an ELCC calculation; and ‘
c. Requiring the utilities to use the same calculation method."
Q. Please summarize PGE's response to the first issue regarding a preferred methodology
to calculate a renewable generator's contribution to capacity
A. The preferred methodology for calculating renewable resource capacity contribution values
depends on several factors, including the nature of the capacity question and the specific
system of the utility. PGE is unaware of a single methodology that is preferred for all
questions and all systems regarding capacity contributions. When calculating a capacity
contribution value, a utility needs to determine the appropriate methodology based on the
best available information at the time of the assessment. It is reasonable that one utility may
conclude that a particular methodology is preferred for its assessment while another utility
concludes that same methodology is not appropriate for its assessment. As discussed in this
testimony and in PGE Exhibit 200, there are potential risks to defining a single "preferred"
methodology for all utilities and applications.
Q. Please summarize PGE's response to Item 2a regarding the pros and cons of using

ELCC calculations.

A. Some of the advantages of using ELCC calculations include the following:
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The calculations can provide rigorous reliability-based assessments of capacity
contributions for many systems.

ELCC methodologies have the ability to capture complex correlations between
resources and load.

The calculations can capture interactive effects between different renewable

resources.

Key challenges and risks for ELCC methodologies include the following:

ELCC methodologies are not necessarily suited for assessing all systems or
applications.

ELCC calculations require extensive data, data processing, and computation time.
ELCC models are often complex' to validate and explain.

Rigor, in and of itself, should not be equated to accuracy, but at times complexity
can mask issues created by inadequate or poor quality data, leading to false

confidence in results.

Additional discussions about the benefits and risks of ELCC calculations are included in

PGE Exhibit 200 and in this testimony.

Q. Please summarize PGE's response to Item 2b regarding the pros and cons of requirin
p q g

methodologies to be benchmarked against an EL.CC calculation.

A. Requiring an ELCC calculation as a benchmark for other methodologies would bring few

benefits and may be problematic or impractical for a given system or set of data, including

adding significant requirements of time and resources without necessarily providing a

meaningful benchmark. It unnecessarily disallows other means of supporting

methodologies. The benefits and challenges of requiring other methodologies to be
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benchmarked against an ELCC calculation are discussed in Section III of this testimony and

in PGE Exhibit 200.

. Please summarize PGE's response to Item 2¢ regarding the pros and cons of requiring

utilities to use the same calculation method.

Requiring utilities to use the same methodology is not of service to customers, utilities,
developers, or IPPs and does not improve results. The potential benefit of regulatory
simplicity is outweighed by the disadvantages. As previously stated in Section II in
response to Staff's issue regarding standardized methodologies, the disadvantages include
the following:

e The required methodology may not be appropriate for all systems and applications,
potentially creating less robust or applicable results than other methodologies. For
example, a requirement to use a time-window methodelogy with specified peak
hours may not align with an individual utility's peak hour needs, resulting in less
meaningful capacity contribution values.

e A standardized methodology may not align with each utility's capacity needs
assessment methodology, potentially creating inconsistencies between the
assessment of capacity needs and the attribution of capacity values.

e For some methodologies, the complexity of the calculations may cause them to be
impractical to use in every application, resulting in the need to generalize the
methodology or to use an alternative methodology. Additional discussion of this is

included in Section III of this testimony and in PGE Exhibit 200.
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e A standardized methodology may create a false sense of accuracy in the results by
nature of it being required. Due diligence on the appropriateness of a methodology
is reduced when the methodology is standardized.

e The regulatory process to approve an update to a required methodology applied to
all utilities may be cumbersome and time consuming. This could potentially result
in substantial disconnects between the methodology and rapidly evolving utility
systems, as well as delays in the ability to adopt advanced models or methodologies
that may emerge.

e If a required methodology is not appropriate for a system or application, utilities
may need to perform additional calculations with more appropriate methodologies
to plan for system reliability.

Issues related to requiring a standardized methodology are also discussed in PGE Exhibit

200.
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VII. Additional Considerations

Are there any final considerations that PGE would like to discuss?

Yes. PGE acknowledges that parties have concerns about the range of methodologies and
values utilities use. For the reasons discussed above, a solution of maﬁdating a standard
methodology is not a prudent response to those concerns as this may be unreasonable for
some systems and may have the potential to decrease the reasonableness of results. PGE
also reiterates that even with the same methodology, different utilities may calculate
different capacity contribution values for the same resource because of differences in the
utilities' resource portfolios and load profiles.

Capacity contribution methodologies estimate capacity contributions and typically do so
by examining historic data to forecast future performance. Actual contributions will differ,
and as discussed previously, for some technologies, the variation can be substantial.

Additionally, determining an appropriate methodology is only one component of many
needed to estimate capacity contributions. Data quality, data processing, and the proper
application of results are also significant factors.

PGE notes that the existing regulatory mechanisms for stakeholders to provide input
and review into utility capacity contribution methodologies are being utilized and are
functional, as seen in the methodology changes between PGE's 2013 IRP and the study
conducted for PGE's 2016 IRP. PGE encourages parties to participate robustly in the
existing stakeholder process to review the reasonableness of renewable capacity contribution
values in a contextually appropriate manner.

PGE recommends the following questions be considered for each application when

examining the reasonableness of capacity contribution values:
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1. What is the appropriate question of capacity contribution for the specific
application?

2. Does the methodology selected address the question? (And when relevant, does
the methodology align with the utility's capacity assessment methodology?)

3. Are the input data and the method to process the data appropriate?

4. Are the results being applied appropriately to specific applications?

Finally, the materiality of improvements to results needs to be weighed against the costs
of increased complexity of modeling and validation. Minor refinements that require
substantial increases to complexity may not be necessary.

Q. Does PGE recommend a preferred methodology?

A. No. As discussed earlier, the preferred methodology for calculating renewable resource
capacity contribution values depends on several factors, including the nature of the capacity
question and the specific system of the utility. PGE is unaware of a single methodology that
is preferred for all questions regarding capacity contributions and all systems. When
calculating a capacity contribution value, a utility needs to determine the appropriate

methodology based on the best available information at the time of the assessment.
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VIII. Recommended Actions

Q. What actions does PGE recommend to the Commission in this docket?

A. PGE recommends no changes to existing procedures and policies as a result of the issues
raised in this docket. Existing policies and procedures are sufficient, have adequate
mechanisms to raise and address questions, and are functioning well in service to all
stakeholders.

Requiring a standardized methodology will not benefit customers, utilities, developers,
or IPPs. It will not improve results and may be problematic or impractical for a given
system, a given application, or a given set of resource data. Additionally, it may
unnecessarily result in lengthy regulatory proceedings to adopt updates to the methodology.

Such proceedings may inhibit planning and procurement processes.
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IX. Qualifications

Q. Mr. Albi, please describe your qualifications.

A. Thave 15 years of experience working in the energy industry. I earned Bachelor and Master

of Science degrees in Civil Engineering from Portland State University, and a Master of
Business Administration from Marylhurst University. 1 am a registered Professional
Engineer in Oregon and California. Prior to my current role as Manager of Integrated
Resource Planning, which I have held since November 2014, I worked as a Project Manager
in Generation Projects and an Engineer in Power Supply Engineering Services and System
Planning and Engineering.

I led various projects throughout my career, including:

* Project Manager for development, procurement, -construction and
commissioning of the Tucannon River Wind Farm, a 267 MW generating
facility in Eastern Washington.

*  Project Manager for the research, development, testing, and procurement of the
Dry Sorbent Injection system; and development, procurement, construction
and commissioning of the Mercury Control system implemented as part of the
Boardman Air Quality Controls Project.

» Project Engineer for the permitting, procurement and construction of the

Chappel Creek — Jonah Field 35 mile 230kV transmission line (PacifiCorp).

Q. Mr. Macfarlane, please describe your qualifications.

I received a Bachelor of Arts business degree from Portland State University with a focus in
finance. Since joining PGE in 2008, I have worked as an analyst in the Rates and

Regulatofy Affairs Department. My duties at PGE have included pricing, revenue
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1 requirement, Public Utility Regulatory Policies Act avoided costs, and regulatory issues.
2 From 2004 to 2008, I was a consultant with Bates Private Capital in Lake Oswego, OR,
3 where I developed, prepared, and reviewed financial analyses used in securities litigation.

4 Q. Does this conclude your testimony?

5 A. Yes.
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1. Introduction

Please state your names and position.
My name is Arme Olson. I am a partner at the consulting firm Energy and Environmental
Economics, Inc. My qualifications are included at the end of this testimony.
Please describe the scope and focus of your testimony.
I was retained by PGE to provide a technical overview of capacity contribution metrics in
use in other jurisdictions and to describe the method PGE has elected to use in its 2016
Integrated Resource Plan. (IRP). My testimony addresses the following questions:
e  Why are assessments of capacity contribution important for system planning?
e  What are the most commonly-used methodologies for determining capacity adequacy?
e What techniques are used to assess the capacity contribution of variable generation
resources and what are their advantages and disadvantages?
o  What methodology did PGE select to assess capacity contribution for its 2016 IRP?
e  What are the strengths and limitations of PGE’s approach?
Q. Please summarize the main conclusions of your testimony.
A. My main conclusions are as follows:

1. There is no industry standard for establishing Planning Reserve Margin (PRM),

capacity adequacy, or a variable resource’s capacity contribution.
2. Because of the variable and uncertain nature of weather-dependent resources such as

wind and solar, different methodologies must be used to estimate the capacity

contribution of variable resources relative to conventional resources. These

methodologies fall into two broad categories: heuristic time-window methods and
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reliability-based methods estimating a resource’s Effective Load Carrying Capability

(ELCC).

. ELCC methods are more detailed and analytically robust than heuristic methods, and

are more appropriate at higher penetration levels of variable resources. PGE elected
to use an ELCC methodology to estimate the marginal capacity contribution of

variable resources in its 2016 IRP, and I believe PGE’s method is reasonable for this

purpose.

. While the approach is robust for a given set of load and resource conditions, ELCC

values are not fixed but rather change as the loads and resources in a portfolio change.
Moreover, ELCC may not be appropriate for all applications in which renewable

capacity contributions are needed. As a result, the appropriate capacity contribution

methodology should be determined on a case-by-case basis.
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II.  Overview of Capacity Adequacy Considerations in Systems with
Variable Resources

Q. What is “capacity”, and why is it important for electric power systems?

A. Capacity is the ability to generate electric energy at any given point in time. Ultilities need

adequate generation capacity to meet continuously-varying electric loads reliably over a
broad range of conditions. In particular, system planners are concerned about having
adequate capacity during peak load conditions to ensure reliable electric service during the
hours when customers need it most.

What is the consequence of inadequate capacity?

The consequence of inadequate capacity is loss of load. That is, the utility does not have
enough capacity to meet all the demands for electric energy, and some customer loads must
be involuntary curtailed. This is very disruptive for customers, causing inconvenience and
financial loss. Loss of electric power can be life-threatening for customers with special
medical needs or if the outage occurs during extreme hot or cold weather. Because of the
severe consequences of outages, utilities plan their systems to ensure that loss-of-load events
are exceedingly rare.

How do utilities ensure that they have adequate capacity to meet anticipated electric
loads?

Because electric loads are variable and uncertain, and because electric generators are not
always available to produce when needed—whether due to forced outages or resource
intermittency—utilities need to procure capacity above forecast load to ensure adequate
resources are available during high load conditions. This quantity of resources needed

above the forecast peak load is typically referred to as a PRM. The PRM metric is a proxy
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for system reliability and can be useful for informing resource procurement. Utilities utilize
a variety of methods to estimate the PRM necessary to ensure adequate capacity on their
systems.

The North American Electric Reliability Council (NERC) develops standards for
reliable electricity system operations. Is there a NERC standard, or any other
industry-wide standard, for determining capacity adequacy?

No, there is no industry standard for PRM or capacity adequacy. NERC deveiops operating
standards, aimed at preventing operational problems that might lead to widespread outages
such as the outage experienced in the Northeastern United States in August of 2003. These
outages can occur even when there is adequate capacity available to meet all electric
demands. Capacity adequacy standards are determined by each individual utility. These

planning standards are independent of NERC’s operating standards.

Q. What are some conmonly used methods for determining capacity adequacy?

A. Practices are widely varied across the industry. Some examples include:

Assuming a 15% PRM as a benchmark value based on its common use across the

industry.

e Utilizing simple arithmetic formulas such as: 1-in-2 (average year) peak load + X%
for forced outages + Y% for weather conditions that may be more extreme than in the
average year.

e Setting PRM based on an outage of the largest single generator or transmission line

on a utility’s system.
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e Conducting detailed reliability or “loss-of-load” studies to estimate the probability
loads will exceed available resources for a given portfolio, and estimate the capacity
needed to ensure this probability remains below a given threshold.

Q. How do loss-of-load studies determine capacity adequacy?
First, a statistically-robust distribution of load conditions is developed based on historical
information about weather variability. Second, a distribution of resource availability is
estimated based on the size and characteristics of the resource portfolio in a test year. Third,
these two statistical distributions are combined to find the joint probability that loads exceed
available resources for each hour of the test year. These studies generate reliability metrics
such as:

o Loss-of-Load Probability (LOLP): the probability that load will exceed generation in

a given hour;

e Loss-of-Load Expectation (LOLE): the total number of hours during which load will

exceed generation within a given time period (e.g., a calendar year), calculated as the
sum of all hourly LOLP values during the time period; and

o Expected Unserved Energy (EUE): the total expected number of megawatt-hours

(MWh) of load that cannot be served by the available resources during a given time
period, calculated as the sum of all hourly LOLP values multiplied by the MW of
shortfall during each hour.
Many utilities use a reliability standard of “l-day-in-10-years” for capacity adequacy.
This is generally interpreted to mean that the utility plans for no more than one loss-of-load

event per decade. Within this general framework, practices are varied; the definition of a
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loss of load event may vary by utility, and there are a variety of models and methodologies

used for estimating the frequency of such events.

Q. Within these methods, is it important to measure the capacity contribution of

individual resources toward system-wide resource adequacy?

Reliability is a function of the performance of the entire resource portfolio, and interactions
among the resources within a portfolio make it challenging to isolate the effect of a single
resource. When determining the reliability of a fixed portfolio of resources, isolating the
contribution of an individual resource is unimportant; what matters is the performance of the
aggregated portfolio. Nevertheless, it is sometimes necessary to determine the contribution
of an individual resource toward the performance of the portfolio, for example in the case
where the resources are owned by different parties. A variety of methods exist for doing
this.

How do utilities measure the expected capacity contribution of conventional resources
toward a system-wide PRM?

Practices are varied. Utilities frequently use the installed or “nameplate” capacity (ICAP) as
a conventional resource’s capacity contribution. Alternatively, unforced capacity (UCAP),
i.e. the installed capacity discounted by the expected forced outage rate, can also be used. In
some cases, monthly or seasonal multipliers are applied to conventional units to account for
temperature effects on the rated capacity of the unit (available capacity declines as
temperatures increase).

Can renewable resources be assessed using the same methods?

The answer depends on the resource type. Dispatchable or baseload resources such as

geothermal or biomass-fueled plants have similar operational characteristics to conventional
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thermal resources and can be assessed using the same techniques. Variable or weather-
dependent resources such as wind, solar, or hydroelectric generators may not be able to
generate at their nameplate capacity when needed due to lack of wind, sunshine or water, so
alternative techniques are required to assess their capacity contribution. As more variable
generation is added to the system, understanding the ability of these generators to contribute
to capacity adequacy becomes increasingly important.

Q. What are the main challenges associated with assessing the capacity contribution of
weather-dependent resources?.

A. There are several:

1. Variability and uncertainty. Weather conditions vary continuously on multiple
timescales and cannot be predicted with certainty. As a result, the output of weather-
dependent resources is also both variable and uncertain. For example, Figure 1 shows
the capacity factor of the Biglow Canyon wind farm by hour on seven consecutive days.
The chart highlights the unpredictable nature of the resource: output varies widely from
hour to hour and exhibits no recognizable daily pattern. Variability in output occurs
within the operating day on an hourly and sub-hourly basis, from day to day, within the
year on a seasonal basis, and across years. Determination of the expected capacity
contribution of weather-dependent resources must take into account their variable nature

and also address the uncertainty associated with forecasting future weather conditions.
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Figure 1. Example of a week of Biglow Canyon output by day and hour of day

2. Correlations with load. Production from weather-dependent resources may exhibit

meaningful correlations with electric load. For example, solar photovoltaic (PV)
production is higher during hours with abundant sunshine; solar PV production may
therefore be positively correlated with peak load conditions during summertime hours.
Wind production is negatively correlated with load in many regions; Figure 2 shows an
example of negative correlation between the load level in Northern California and the
output of a Bay Area wind site during summer afternoons. Capturing these correlations
depends on the specific estimation methodology, but they may have a meaningful effect

on wind and solar capacity contribution.
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Figure 2. Production of a northern California wind farm is negatively correlated with load on summer
afternoons

3. Data requirements. Because production from weather-dependent resources may vary

from season to season and from year to year, a significant quantity of data is required in
order to develop accurate capacity contribution estimates. These include site-specific
hourly production and electric system load data for several years. Past studies have
indicated that as many as 8 years of production data may be required to develop robust
estimates of wind capacity contribution,’ although in practice there are few sites for
which such a long production history is available. Data from a large number of years, in

and of itself, does not guarantee accurate results.

! Milligan, M., 2011. Capacity Value of Wind Plants and Overview of U.S. Experience. National Renewable Energy
Laboratory, NREL/PR-5000-52856, http://www.nrel.gov/docs/fy110sti/52856.pdf.
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4. System-dependence. The capacity contribution of variable resources is system-

dependent. It depends on the relationship between the production profile of a specific
resource and the loads it is intended to serve, due to the correlation issue described
above. Resources with higher production during the summertime will have a higher
capacity contribution on a summer-peaking system or a system with very large summer
capacity de-rates (e.g., heat-related de-rates of thermal resources, or hydro de-rates due
to lack of water availability), than on a winter-peaking system or on a system with more
stable output ratings throughout the year.

Capacity contribution of a specific resource also depends on the other variable
resources in the portfolio. In many cases, a more diverse portfolio of wind and solar
resources will have a higher capacity contribution than a portfolio that is composed of a
single resource type. Similarly, a portfolio that is geographically diverse can have a
higher capacity contribution that one where development is concentrated in a small
geographic area, because production will be less diverse.

Changes over time. The capacity contribution of variable resources changes over time.

Changes in the load profile or in the generation portfolio mix can significantly alter the
assessed capacity contribution of a variable resource. The capacity contribution is
therefore a snapshot of the additional reliability provided by a marginal resource when
added to a particular system, but cannot necessarily be extrapolated to future system

conditions.

Q. What is the marginal capacity contribution, and how does it differ from other capacity

contribution metrics?
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When evaluating candidate resources to be added to the portfolio, it is important to
understand how each candidate resource may affect the reliability of the portfolio. The
marginal capacity contribution is the change in the overall reliability of the system after the
addition of a given resource. This is distinct from methods designed to estimate the
contribution of existing resources to a static portfolio. The marginal capacity contribution is
appropriate to use in planning or procurement when considering new resources that might
be added to the portfolio.

The marginal capacity contribution is especially important to consider when variable
resources such as wind or solar achieve higher penetrations. For these resources, the
marginal capacity contribution typically declines as more of the resource is added to a
portfolio. This is easiest to understand for solar resources. Figure 3 below demonstrates
this phenomenon for solar PV on an example day in the California market. Before any solar
PV is added, the peak hour on this day occurs at Hour Ending (HE) 15. The first 6 gigawatt
(GW) increment of solar reduces the ner peak load (load minus renewable energy
production) by 3 GW, or about 50% of the solar resources’ nameplate capacity. After that
increment is added, the net peak load hour shifts to HE 16. Adding a second 6 GW
increment of PV reduces the net peak load on this day by about 1.5 GW, or 25% of
nameplate, and shifts the net peak load hour to HE 17. This value is lower due to the
reduced coincidence of PV output with net load. The next 6 GW increment achieves only
about 300 MW of net peak load reduction, or 5% of nameplate. By this time the net peak
load hour is at HE 18, when solar PV production is very low.

This simplistic example shows the effect of saturation of the system with solar PV on an

example day for explicatory purposes. Most methods for estimating the capacity
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contribution of solar PV would consider multiple days with different load and solar PV
conditions; however, these metrics will need to consider these saturation effects as PV

resources become a meaningful proportion of the portfolio.

(G fa

g3 P 1
@ P
%4 /!

. 2 ’

3 ke //

Lo & 3 B H

3 = S

24 <] -

= 3 2 4
=/
§ /’f

7/
12345678 80112131815 1037168493021223224 H & 12 ig
Hour instalied Solar PV Capacity (GW)

Figure 3. Example of declining capacity contribution of solar PV as a function of penetration in the
California market

Is the distinction between average and marginal capacity contribution important for
conventional resources?

No, the capacity contribution of conventional resources is based on their ability to produce
energy during hours with non-zero LOLP. This ability does not change as more resources
are added, so the distinction between average and marginal capacity contribution is not
important.

Is the capacity contribution of a given variable resource the same for all utilities?

No, the same resource can have very a different capacity contribution for each utility,
because the coincidence of resource output with high net load conditions is different for
each utility due to its unique load profile and resource portfolio.

Is the capacity contribution of a given variable resource fixed over time?

No, the capacity contribution of a given variable resource will change if the portfolio loads

or resources change. We have already seen that the marginal capacity contribution of a
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given resource type declines as more of it is added to a system, in particular for solar
resources. Conversely, if load conditions evolve over time such that peak load is more
coincident with a variable resource’s highest output, that resource’s capacity contribution

will increase.
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Overview of Methodologies Used to Quantify the Capacity Contribution
of Variable Resources

Q. What methodologies are used to assess the capacity contribution of variable resources?

A. There is no industry standard methodology to assess the capacity contribution of variable

resources, and a variety of methodologies are in use. Approaches can be placed into two

broad categories, heuristics and reliability-based:

Heuristics, _e.g., time-window _approach: heuristic methods generally involve

_estimation of the resource’s likely output over a pre-defined critical system period,
usually periods of peak load when ensuring capacity adequacy is most challenging.
The relevant time window over which to measure output depends on system-specific
conditions. For example, ISO-New England uses a time window of 2 — 6 pm during
June — September. Winter-peaking systems might select a time window that spans late
afternoon and early evening during December — February. The capacity contribution of
the resource’s output may be defined as the expected or mean output during the critical
periods. Alternatively, an “exceedance” approach defines a percentile at which the
output is deemed to be sufficiently reliable. For example, California uses a 70%
exceedance value, which means that the capacity contribution is defined as the value
production is expected to exceed during 70% of the hours.

Reliability-based, e.g. ELCC approach: within LOLP studies, a commonly used

metric for an individual resource’s capacity contribution is ELCC. ELCC was first
introduced as a method of estimating the effect of a change in a conventional unit’s
capacity or forced outage rate, but has also been useful for assessing the capacity

contribution of variable resources. A common definition of ELCC is the additional
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load that can be served by an incremental resource while maintaining the same level of
system reliability. ELCC can also be defined in terms of avoided capacity needed from
a benchmark generator, in many cases defined as a “perfect” generating unit (one with
no forced outages or temperature de-rates).

The table below provides a brief survey of methodologies used in a range of jurisdictions.

Table 1: Methodologies used to assess capacity contribution of renewables in other jurisdictions

rlzona Pubilc . ELCC verage capacity value over sverl yars of LOLE simulations
ELCC
Time window Wind is assigned zero value based on 85 percent and 95 percent

exceedance

Time-window 70 percent exceedance during Dec-Mar, 4pm-9pm and Apr-Oct, 1pm-
6pm; 3 years of data required

Time-window Summer, 3pm-7pm

Time-window Average of median net output from 2 pm to 6 pm for June to
September in previous five years

ELCC

Time-window ] Average capacity factor during Jun-Aug, 2pm-6pm and Dec-Feb,
4pm-8pm from previous year

Time-window Capacity factor over the top 5 contiguous daily peak demand hours;
median value for 18-Month Outlook; probabilistic assessment for
Comprehensive/Interim Reviews of Resource Adequacy
Time-window Average capacity factor during Jun-Aug, 4pm-6pm based on last three
years; 13 percent used for new wind plants with no data available

Time-window Peak hour

ELCC Based on 10-year ELCC study
: Other Monte Carlo analysis supplemented by analysis of fourteen
10171 rea crmcal extreme cold weather events

Sources: Milligan and Porter 2008, NERC 2011,° Rogers and Porter 2012*

% Milligan, M., Porter, K., 2008. Determining the Capacity Value of Wind: an Updated Survey of Methods and
Implementation. National Renewable Energy Laboratory, NREL/CP-500-43433,
http://www.nrel.gov/docs/fy080sti/43433.pdf.

3 NERC, 2011. Methods to Model and Calculate Capacity Contributions of Variable Generation for Resource
Adequacy Planning. http://www.nerc.com/files/ivgtfl-2.pdf. :
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Q. Are there advantages and disadvantages of each methodology used to assess capacity

contribution of variable energy resources?

Yes. The table below summarizes the main advantages and disadvantages of the heuristic
and ELCC approaches to evaluating the capacity contribution of variable resources. The
principal advantage of heuristic methods is that they are easy to understand and to calculate.
They generally consist of simple statistics averaged over a large number of hours. When
renewable penetration is low, heuristic methods may serve as reasonable approximations for
a more detailed analysis.

The principal disadvantage of heuristics is a lack of analytical depth. Heuristic methods
are based on designation of hours that may not correspond to the most critical hours, as they
generally do not explicitly consider factors such the expected availability of other resources
or the correlations between load and variable resource output within the time window.
Therefore, they may fail to identify the critical hours when serving load is most challenging,
i.e., when LOLP is highest. Conversely, a time window heuristic often includes hours
during which LOLP is insignificant; this can be problematic if variable resource production
is different during these hours than during the most critical hours.

ELCC methodologies, by contrast, incorporate information on load conditions and
generator availability across a wind range of conditions. They also capture the correlations
among load and variable resource production in order to identify the critical set of hours,
those in which a system has non-negligible loss of load probability. Further, the hours with

highest LOLP have a larger weight in determining the ELCC. In that sense, the calculations

* Rogers, J., Porter, K., 2012. Summary of Time Period-Based and Other Approximation Methods for Determining

the Capacity Value of Wind and Solar in the United States. National Renewable Energy Laboratory, NREL/SR-
5500-54338, http://www.nrel.gov/docs/fy120sti/54338.pdf.
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are more robust than heuristics, which do not necessarily isolate the most critical system
hours. ELCC methods are also better able to capture the interactive effects between
different variable resources as penetrations increase; ELCC methods therefore are more
rigorous. Although they are more cumbersome and costly to implement, analytically
rigorous methods may be beneficial at higher renewable penetration levels.

While more rigorous than heuristic methods, conventional ELCC methodologies may not
be appropriate for all systems. For example, in systems dominated by hydroelectric
resources with storage and shaping capability, the output of variable resources during the
critical system hours may not be a good indicator of their expected capacity contribution.
Similarly, as the penetration of variable energy resources increases on a system, integration
solutions such as demand response or energy storage may be needed to shape load and
renewable output. ELCC approaches may need to be adapted to account for the presence of
these energy-limited resources.

Table 2: Advantages and disadvantages of heuristic and ELCC methodologies for determining renewable
energy capacity contribution

. ElcC

Disadvantages

Lower data requirements
Easy to explain and understand

e Easy and quick to calculate e More detailed and robust

Assesses a large set of system conditions

Calculations can capture complex
correlations between resources and load
and declining value with increased
penetration

May miss critical system
conditions, e.g. peak load period
may not be highest-risk period due
maintenance, seasonal outage

probabilities, hydro conditions, etc.

May not capture correlations
between resources and load or
declining value with increased
penetration

Calculations are complex
Time-intensive to gather and validate
data inputs

Difficult to explain and understand
Require significant quantities of high-
resolution, high-quality data
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1V. Capacity Contribution Approach Used for PGE’s 2016 IRP

Q. What methodology did PGE elect to use to assess capacity contribution for use in the

2016 IRP?

PGE retained E3 to review its resource adequacy planning techniques in light of increased
penetration of wind energy and impending loss of existing hydro and thermal assets in its
resource portfolio. E3 recommended, and PGE adopted, a reliability-based framework for
estimating PGE’s PRM and determining the capacity contribution of renewables. E3
performed studies to estimate the Target PRM, i.e., the PRM required for PGE’s resource
portfolio to meet a 1-day-in-10-year loss-of-load standard in a 2021 test year. E3 then
estimated the marginal contribution of additional renewable resources toward PGE’s
capacity needs using an ELCC methodology with consistent data, analytical framework, and
modeling techniques as were used to estimate the required PRM. All studies were
performed using E3’s Renewable Energy Capacity (RECAP) planning model, which uses
common industry techniques for estimating loss-of-load probability and related metrics.
PGE elected to use a methodology to assess capacity contribution of renewables that is
consistent with the methodology used to determine PRM for its resource portfolio.
Why is this important?

Consistent methods should be used to ensure the target level of system reliability is
maintained. Discrepancies introduced by the use of inconsistent methods could result in
either underestimating or overestimating the capacity required for resource adequacy. For
example, if the Target PRM is determined using a LOLP approach, it would be inconsistent
to utilize a time-window approach to estimate the marginal capacity contribution of wind

and solar resources, since the hours included in the time-window would necessarily be
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different from the hours in which the reliability model finds non-negligible LOLP.
Conversely, if the PRM is determined using a heuristic, a consistent heuristic should be used
to estimate the marginal capacity contribution of wind and solar.

Please describe the RECAP model.

RECAP is a loss-of-load-probability model developed by E3 to calculate system reliability
as a function of detailed inputs on load level and variable resource availability. RECAP
compares probability distribution functions for supply and demand by month, hour, and day
type (weekend, weekday) and determines the probability that load will exceed supply in
each time slice. Relevant correlation between variables is enforced using conditional
probability distributions. A detailed description of the model is available in PGE Exhibit
201.

Has the RECAP model been used before for other planning studies and processes?

Yes, RECAP was first developed through work with the California Independent System
Operator (CAISO) to evaluate the need for system capacity in scenarios with 33 percent
renewable portfolio standard (RPS). E3 continues to use RECAP to support the CAISO's
modeling of capacity and flexibility needs to accommodate high penetrations of variable
renewable generation. E3 has also used RECAP to evaluate the capacity contribution of
variable and dispatch-limited resources such as wind, solar and demand response on behalf
of the California Public Utilities Commission (CPUC) and the Sacramento Municipal
Utilities District (SMUD). Outs‘ide of California, E3 has utilized RECAP to estimate Target
PRM and renewable ELCCs for systems in Florida, Texas and throughout the Western

Interconnection.
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Q. What metrices are used in RECAP to characterize system performance and resource
capacity contribution with respect to reliability?

A. RECAP calculates conventional reliability metrics including:

e Loss of Load Probability (LOLP);

e Loss of Load Expectation (LOLE);

e Target Planning Reserve Margin (Target PRM); and
e Expected Load Carrying Capability (ELCC)

Q. What are the main advantages of using the RECAP methodology to assess capacity
contribution relative to a simple load-resource balance analysis?

A. The traditional load-resource balance calculations are focused on resource availability in a
single hour of the year: the peak load hour. RECAP considers a broad range of stochastic
variables such as load level, wind and solar output, hydro availability, and generator
outages—and the correlations among them—to arrive at robust probabilities of loss of load
and estimates of resource capacity contribution. RECAP provides detailed information to
analyze the balance between loads and the total portfolio of resources over a large set of
conditions. For the purposes of Integrated Resource Planning studies, using the RECAP
methodology makes it possible to calculate the marginal capacity contribution of adding
new resources to the existing portfolio, taking into account any changes in marginal ELCC
value as the penetration level of the resource is varied.

Q. Please describe the data that was used in RECAP to model PGE's load, wind resources,
and solar resources.

A. The study for PGE utilized the following data:
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e Load: the study used weather-based hourly load time series capturing 33 years of weather
conditions (1980-2012). Historical load data from 2007-2012 were used to train a neural-
network model and simulate load shapes for prior years based on each year’s respective
weather conditions. PGE load data for 2008-2014 were also incorporated into the load
time series. The load shape was scaled to match PGE’s 2021 monthly and seasonal 1-in-
2 peaks and total energy.

e Wind: the study utilized synthetic hourly wind shapes for 2004-2006 for each wind site as
well as historical output data from 2008-2014 for Biglow Canyon.

e Solar: the study used 2006 synthetic solar shapes.

Q. Please describe the LOLP results from PGE’s study.

A. Figure 4 shows a “heat map” of LOLP for the 2021 PGE modeled- system. The columns

represent each month of the year, and the rows represent hours of the day. The values in
each cell are the LOLE for the PGE system during that time slice in a test year of 2021. Red
shading indicates hours with high LOLP, while green shading indicates hours in which
LOLP is negligible. |

The analysis shows non-zero LOLP during many hours of the 2021 test year due to a
significant resource shortfall. Hours with non-zero LOLP occur during all seasons but are
highest during summer afternoons and winter evenings. PGE’s load tends to be higher in
the winter, but summer peaks are become increasingly frequent. PGE’s resource availability
is lower during the summer than during the winter, and as a result, there are significant
periods with high LOLP during both the summer and winter peaks.

Summing the LOLP across all hours of the test year yields a LOLE of 332 hours. Of

these, 161 hours occur during the summer season (June — September), 160 hours occur
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during the winter season (November — February), and the remainder of the hours occur

during the shoulder seasons.

O 00 N OV W N

3260
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Figure 4. Loss-of-Load Probability “heat map” for the PGE system shows relatively equal probability of lost
load during summer and winter months {numbers represent Loss-of-Load Expectation, measured in hours,
for each time-slice)

Q. What renewable resource production patterns have the highest capacity contributions
for the PGE system?

A. The key characteristic determining a resource’s capacity contribution is the coincidence, or
lack thereof, of periods of high resource output with periods of high load. Because of these
LOLP patterns, renewable resources that are expected to produce at a high level during
either the summer peak hours or the winter peak hours can be expected to have a high
marginal ELCC relative to resources producing at lower levels during those hours. For
example, Figure 5 shows the average capacity factor for a generic solar PV site by month-

hour time slice. Expected plant output is high in the summer and coincident with the
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periods of high LOLP on summer afternoons. However, the same site has relatively low
output during the periods of high LOLP in the winter. Solar resources therefore do little to
improve reliability during winter evenings but can have a significant effect during summer
afternoons when LOLP is high. These relationships are captured and appropriately
weighted within the RECAP framework to arrive at a robust assessment of expected

capacity contribution.

N

Figure 5. Average capacity factor of a solar site as a fraction of nameplate capacity by month-hour time
slice.

Does the EL.CC value indicate how much capacity PGE can rely on from a given
resource at all times?

No, the metric is a statistical expectation and does not guarantee that level of output will
materialize. During some critical hours, production from the resource will be /ess than

indicated by the ELCC metric. By the same token, there will be some hours in which more
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than the expected level of output will be available. ELCC captures the reliability
implications of both conditions through their contribution to system-wide LOLP.
Importantly, a resource’s capacity contribution expectation will also change as PGE’s
load shape and total resource portfolio evolve over time. In the example above, if system
conditions were to change so that summer LOLP were to decréase, either through summer
load reductions or the addition of resources with high summer output such as solar PV, the
assessed capacity contribution of the sample solar site would decrease due to the lower
coincidence with system LOLP, which would now be concentrated in the winter.
Conversely, if resources with high winter output were to be added to the system, the
capacity contribution of the sample site would increase because LOLP would be more
concentrated during the summer months.
What ELCC value does this methodology assign to PGE’s existing renewable
resources?
Table 3 below shows the nameplate rating and ELCC values for PGE’s existing portfolio of
resources, consisting mostly of wind resources in the Columbia Gorge area. The table
shows ELCC values for the winter and summer seasons as well as the annual value
representing all hours of the year. The combinéd annual ELCC of PGE’s existing portfolio
of 902 MW of renewable resources is assessed at 127 MW or 14.1% of nameplate based on
simulated 2021 system conditions. ELCC values are calculated relative to a conventional

unit with nameplate capacity of 100 MW and 5% forced outage rate.
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Table 3: Nameplate rating and ELCC of PGE’s existing portfolio of renewable resources in 2021

mepiatg rating MW

_Portfolio ELCC (M

902

902

108

138

127

12.0%

15.3% A

14.1%

Q. What marginal ELCC value does PGE’s methodology assign to renewable resources

that are candidates for addition to PGE’s portfolio?

A. The marginal ELCC is a function of the size and composition of the portfolio of resources to

be added. Table 4 below shows example values for a given portfolio in 2021 that includes

665 MW of Columbia Gorge wind resources and 142 MW of solar PV resources. The wind

sites have a marginal ELCC that is lower than the value for the existing portfolio of

resources, due to the saturation effects discussed above. Solar PV resources have a higher

marginal ELCC given the low solar penetration in PGE’s current portfolio and the high

LOLP during the summer peak period. The combined portfolio is assessed to have a

marginal ELCC of 135 MW, or 17% of nameplate.

Table 4: Nameplate rating and marginal 