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Please state your name, business address, and present position with
PacifiCorp d/b/a Pacific Power (PacifiCorp or Company).
My name is Brian S. Dickman. My business address is 825 NE Multnomah
Street, Suite 600, Portland, Oregon 97232. My title is Director, Valuation and
Commercial Business.
QUALIFICATIONS

Briefly describe your education and professional experience.
| received a Master of Business Administration from the University of Utah with
an emphasis in finance and a Bachelor of Science degree in accounting from Utah
State University. Before joining the Company, | was employed as an analyst for
Duke Energy Trading and Marketing. | have been employed by the Company
since 2003, including positions in revenue requirement, regulatory affairs, and
energy supply management. | assumed my current role directing the Company’s
valuation and long-term origination groups in September 2016.
Have you testified in previous regulatory proceedings?
Yes. | have filed testimony in proceedings before the public utility commissions
in Oregon, California, Idaho, Utah, Washington, and Wyoming.

PURPOSE AND SUMMARY OF TESTIMONY
Please describe the purpose of this testimony.
In my testimony | provide the background leading to the creation of this docket
and describe the Company’s proposed changes to the currently effective standard
avoided cost prices. In Order No. 16-307, the Commission directed that “an

expedited contested case proceeding shall be opened to allow a more thorough
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vetting of the issues raised in [docket UM 1729(1)] and possible revision to
Schedule 37 avoided cost prices on a prospective basis.” The outcome of this
proceeding, as approved by the Commission, will be reflected in the Company’s
May 1, 2017, Schedule 37 update.
Please summarize the issues addressed in your testimony in this docket.
The issues raised in the proceeding leading up to Order No. 16-307 centered
around the demarcation of sufficiency and deficiency periods for both the
renewable and non-renewable standard prices, and the appropriate cost and
performance inputs used for the proxy resource during the deficiency period. 1
will discuss the Company’s proposed treatment for these items below. At this
time the Company is not proposing permanent changes to the Commission-
approved policies and methodologies applicable to calculating Schedule 37 prices.
BACKGROUND
Please describe the process leading to the creation of this docket.
On March 1, 2016, the Company submitted an update to its standard avoided cost
prices (Schedule 37) in compliance with OAR 860-029-0080 and the
requirements established in Order No. 14-058 to submit a complete avoided cost
pricing update within 30 days of acknowledgement of an Integrated Resource
Plan (IRP). In that filing, the Company requested an update to prices using inputs
from its 2015 IRP, acknowledged by the Public Utility Commission of Oregon
(Commission) on February 29, 2016, and its December 2015 official forward
price curve (OFPC).

At the Commission’s March 22, 2016 public meeting, the Commission

Opening Testimony of Brian S. Dickman
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expressed concerns about the impact of Senate Bill (SB) 1547 on the period of
renewable resource deficiency relative to the 2015 IRP, which did not identify a
need for a new renewable resource during the 20-year planning period. On March
23, 2016, the Commission issued Order No. 16-117, wherein it declined to
approve the Company’s March 1, 2016 filing and instead directed parties to work
together to propose an expedited, non-contested case process to update the
Company’s avoided costs in light of the passage of SB 1547, which had been
signed into law March 8, 2016. Among other things, the legislation increased
Oregon’s Renewable Portfolio Standard (RPS) target to 50 percent of electricity
from renewable resources by 2040. The increased RPS requirements under SB
1547 are staged: 27 percent by 2025, 35 percent by 2030, 45 percent by 2035 and
50 percent by 2040.

On March 31, 2016, PacifiCorp filed its 2015 IRP Update, which
concluded that PacifiCorp could meet its increased Oregon RPS obligations
through the 20-year IRP planning horizon through a number of flexible
alternatives including the purchase of unbundled renewable energy certificates
(RECs). The 2015 IRP update also included updated cost and performance data
applicable to a renewable resource proxy.

Following multiple settlement discussions, the Company, Staff, and
interested stakeholders were unable to resolve issues regarding the Company’s
Schedule 37 update. On April 29, 2016, PacifiCorp filed a letter notifying the
Commission that it would not make its annual May 1 avoided cost update given

the ongoing efforts to resolve the Company’s March 1, 2016 Schedule 37 filing.
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On June 21, 2016, the Company filed revised Schedule 37 prices in UM
1729(1). The 2015 IRP and 2015 IRP Update concluded that the Company did
not identify an immediate need to acquire new renewable resources because the
Company could comply with its Oregon RPS requirements (including the
increased obligations imposed by SB 1547) through the purchase of unbundled
RECs. Nonetheless, PacifiCorp’s June 21, 2016 avoided cost proposal identified
a renewable resource deficiency period beginning in 2018 as a compromise
position in light of concerns raised by the Commission in Order No. 16-117 and at
the March 22, 2016 public meeting. Cost and performance assumptions for the
renewable proxy resource used in the June 21, 2016 filing were also updated with
cost and performance assumptions used in the Company’s 2015 IRP Update. The
Company’s compromise position, in which it adopted a resource deficiency
period beginning 2018, was explicitly linked to using updated cost and
performance assumptions for the proxy renewable resource to ensure avoided cost
prices reflect the most current assessment of renewable resource costs. Other
inputs to the Schedule 37 calculation were taken from the acknowledged 2015
IRP, where applicable, including a non-renewable deficiency period beginning in
2028 coincident with the next major resource acquisition in the IRP preferred
portfolio.

In the Company’s 2015 IRP and 2015 IRP Update, the Company indicated
that it would continue its strategy of acquiring RECs to satisfy future RPS
compliance needs. Consistent with this strategy, the Company has acquired

enough RECs to extend PacifiCorp’s initial RPS compliance shortfall in Oregon
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to 2028, coincident with the anticipated retirement of the Dave Johnston plant in
Wyoming.

On August 18, 2016, the Commission issued Order No. 16-307 directing
the Company to file an amended Schedule 37, revising the renewable deficiency
period to begin in 2028, and including cost and performance data from the
acknowledged 2015 IRP. The Commission also directed the Company to
continue using 2028 for the standard non-renewable deficiency period, and to
update market prices for natural gas and electricity as required in an annual
Schedule 37 update. The Company filed its revised Schedule 37 on August 22,
2016, which became effective August 24, 2016. In Order No. 16-307, the
Commission directed that “an expedited contested case proceeding shall be
opened to allow a more thorough vetting of the issues raised in this proceeding
and possible revision to Schedule 37 avoided cost prices on a prospective basis.”
The outcome of this proceeding, as approved by the Commission, will be
reflected in the Company’s May 1, 2017, Schedule 37 update.*

Under the current Commission-approved process, avoided cost prices are
to be based on the Company’s most recently acknowledged IRP. In Order No.
10-488, the Commission ordered that resource deficiency is demarcated by the
first major resource acquisition in the action plan of an acknowledged IRP. In

Order No. 11-505, the Commission found that the IRP action plan should also be

Y In addition to reflecting the resolution of issues addressed in this docket, the Company’s May 1, 2017,
Schedule 37 filing will update avoided cost prices for the items identified in Order No. 14-058, which
established that annual updates must reflect: 1) updated natural gas prices, 2) on- and off-peak forward-
looking electricity market prices, 3) changes to the status of the production tax credit, and 4) any other
action or change in an acknowledged IRP update relevant to the calculation of avoided costs.

Opening Testimony of Brian S. Dickman
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used to identify when a renewable resource acquisition could be avoided, and that
a qualifying facility (QF) should be able to choose between standard non-
renewable and standard renewable prices. In that order the Commission also
determined that renewable resource deficiency is not triggered by procurement of
unbundled RECs.

In this docket, the Company proposes to retain the assumptions included
in the currently-effective Schedule 37 prices with the exception of the cost and
performance of the renewable wind proxy used for standard renewable rates.
Because of significant reductions in the cost of renewable resources since the
2015 IRP was prepared, and because the Company’s RPS compliance strategy is
to continue to rely on unbundled REC purchases, if Schedule 37 assumes a
renewable resource is acquired in 2028 (a departure from the acknowledged 2015
IRP) it should also reflect the most current estimates of the costs to acquire such a
resource if retail customers are to remain indifferent to purchasing the output of a
renewable QF.

How do the Schedule 37 prices currently in effect reflect the method for
calculating standard avoided costs approved in previous Commission
orders?

The Commission’s ruling in Order No. 16-307 is consistent with past orders with
the exception of selecting a renewable resource deficiency period that was not

based on a renewable resource acquisition in the acknowledged 2015 IRP.
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DEMARCATION OF SUFFICIENCY AND DEFICIENCY PERIODS
What changes to the calculation of Schedule 37 avoided cost prices does the
Company propose in this docket?

For purposes of its May 1, 2017 Schedule 37 update, the Company proposes to
use renewable resource cost and performance assumptions from the 2015 IRP
Update for the renewable proxy to capture noteworthy changes that have occurred
since the 2015 IRP was prepared in 2014. Table 1 below illustrates the impact of
the Company’s proposal, using the currently-approved Schedule 37 as the
baseline and changing only the cost of the renewable proxy, a Wyoming wind

plant with an assumed online date in 2028.

Table 1
15 Year (2017-2031) Nominal Levelized Price - $/MWh
Renewable Fixed Avoided Cost Prices
B Fixed | Tracki Renewable
ase Wind QF xe racking Deficiency OFPC Renewable Proxy
Load QF Solar QF | Solar QF
Start

Proposed Renewable Prices $41.61 $35.59 $41.58 $41.79 2028 Mar 2016 | 2015 IRP Update WY Wind 43% CF
Current Commission Approved (August
21, 2016 Filing) $43.46 $37.44 $43.53 $43.74 2028 Mar 2016 | 2015 IRP WY Wind 43% CF
Comparison to Comm. Approved Prices | ($1.85) ($1.85) ($1.95) ($1.95)

The Company does not intend to change the established process for determining

Schedule 37 prices, but rather to align the renewable avoided cost prices with the

assumed acquisition of a resource in 2028. Neither the 2015 IRP nor the 2015

IRP Update anticipates acquiring a new renewable resource during the IRP 20-

year planning horizon. If renewable avoided costs are based on a renewable

resource acquisition in 2028, despite the fact that the least-cost portfolio for

planning purposes does not include such a resource, then the most current cost

estimates for such a resource must be used. If not, retail customers cannot remain
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indifferent to the payments made to renewable QFs, particularly in an
environment of rapidly declining costs.

After updated Schedule 37 prices from the May 1, 2017 filing are in place,
the Company anticipates returning to the Commission’s established process for
updating its standard avoided cost prices (i.e., an update to all inputs 30 days after
IRP acknowledgement, with the deficiency period marked by the next resource
acquisition in the IRP, and a limited update every May 1).

Why is the renewable resource deficiency period of 2028 reasonable?
For purposes of the May 1, 2017 avoided cost update, the Company is not
opposed to continuing to use 2028 as the start of the renewable resource
deficiency period. The Company’s recent acquisition of RECs will push back the
first RPS compliance shortfall to 2028, which reflects the RPS requirements of
SB 1547. However, upon returning to the Commission’s established process for
updating its standard avoided cost prices tied to IRP acknowledgement, the
Company does not support using the initial RPS compliance shortfall as the de
facto criteria for establishing the deficiency period.

COST AND PERFORMANCE INPUTS
Why is it appropriate to update the cost of the renewable proxy?
Avoided cost pricing approved by the Commission must conform with the
standard that retail customers should be indifferent to the Company’s purchase of
QF power. Prices paid to QFs may not exceed “the incremental cost to the

electric utility of alternative electric energy.”? The incremental cost standard is

216 U.S.C. § 824a-3.
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intended to leave customers economically indifferent to the source of a utility’s
energy by ensuring that the cost to the utility purchasing power from a QF does
not exceed the cost the utility would have otherwise incurred without the QF
purchase.® The Commission has repeatedly acknowledged the importance of the
customer indifference standard and has identified the ratepayer indifference
standard as its “primary aim.” Using the most accurate and updated information
available ensures that customers remain economically indifferent.

The Company’s acknowledged 2015 IRP did not indicate a need to
acquire a renewable resource; rather, the 2015 IRP action plan demonstrated that
using unbundled RECs to meet its state RPS compliance requirements resulted in
lower costs and lower risk to customers. In addition, the Company’s 2015 IRP
Update continues to call for an RPS compliance strategy that includes procuring
unbundled RECs as a cost effective means for meeting RPS requirements.

The 2015 IRP includes an analysis illustrating that when Oregon situs RPS
wind resources were assumed to be brought online in 2028, costs increased
relative to the least-cost portfolio. The 2015 IRP Update also did not include
acquisition of a renewable resource despite significant declines in the cost of such
resources. Administratively determining that renewable avoided costs should be
based on a renewable resource acquisition in 2028, despite the fact that the least-

cost portfolio for planning purposes does not include such a resource, dictates that

% Indep. Energy Producers Ass’n, Inc. v. Ca. Pub. Util. Comm’n, 36 F.3d 848, 858 (9th Cir. 1994)
(“If purchase rates are set at the utility’s avoided cost, consumers are not forced to subsidize QFs
because they are paying the same amount they would have paid if the utility had generated energy
itself or purchased energy elsewhere.”)

Opening Testimony of Brian S. Dickman
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the most current cost estimates for such a resource be used. Given that renewable
resource costs have declined significantly since the inputs to the acknowledged
2015 IRP were prepared, customer indifference cannot be maintained if
renewable avoided cost prices are calculated assuming a high-cost renewable
resource acquisition in 2028 despite having an IRP analysis demonstrating that
such an approach increases customer costs.
Please describe the difference in renewable resource capital cost and
performance assumptions used in the 2015 IRP Update compared to prior
IRPs.
The capital cost of renewable resources has declined considerably over the course
of the last several IRPs. Compared to the 2011 IRP, inflation adjusted capital
costs for a solar resource located in Oregon have declined over 38 percent, while
the capital costs for wind resources located in Oregon and Wyoming have
declined 35 percent and 28 percent, respectively.* Over the same period of time,
the expected output from renewable projects has steadily increased. Capacity
factors included in the Company’s IRPs for a single-axis tracking solar project in
Oregon have increased from 25 percent to over 29 percent. Similarly, capacity
factors for wind projects in the Company’s IRPs have increased from 29 percent
to 35 percent in Oregon and from 35 percent to 43 percent in Wyoming.

For a wind project, the decline in capital costs included in the Company’s

IRPs is most pronounced in the 2015 IRP Update. In its 2015 IRP, prepared in

4 This is based on costs in 2014 dollars to be consistent with figures published in the 2015 IRP and 2015
IRP Update.
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2014, the Company estimated that a wind resource located in Oregon would have
a capital cost of $2,135/kW in 2014 dollars. In its 2015 IRP Update, prepared in
late 2015, the Company estimated that the costs would be $1,672/kW in 2014
dollars, a 22 percent reduction. For a wind resource located in Wyoming, capital
costs declined from $2,156/kW in the 2015 IRP to $1,735/kW in the 2015 IRP
Update, a 20 percent reduction. Figure 1 below shows the change in costs for
Oregon and Wyoming wind resources included in each of the Company’s IRPs

since 2011 and in the latest 2015 IRP Update.

Figure 1
Capital Cost of Wind Resources
$2014
$3,000
$2,500

$2,000
W 2011 IRP
S
3 $1,500 W 2013 IRP
v
= 2015 IRP
M 2015 IRP Update
$1,000

$500

$0

Wind Oregon Wind Wyoming

If wind resource cost and performance assumptions are included in the

Company’s avoided costs at the level previously assumed in the 2015 IRP, it is
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clear they would not be representative of the current cost and performance of an
avoidable proxy renewable resource and would not be indicative of the cost of an
alternative renewable resource.

What caused the sharp drop in capital costs between the 2015 IRP and 2015
IRP Update?

The Company developed the cost estimates for wind resources in past IRPs based
on its experience developing several wind projects in Wyoming and the Columbia
River gorge. Capital costs for wind plants in the 2015 IRP were based on the
Company’s development of the Dunlap facility in 2010, updated to bring costs
current in 2014 when the IRP was prepared. In fall 2015, the Company reviewed
the cost of renewable resources and found that the cost of development had
declined significantly from previous estimates. Based on input from a wind
turbine manufacturer regarding the cost of turbines and plant construction, the
Company updated the cost of renewable resources in the 2015 IRP Update.

Are there publicly available sources that corroborate the cost and
performance estimates included in the Company’s 2015 IRP Update?

Yes. Several relatively recent wind resource projects constructed in the Pacific
Northwest support the data included in the Company’s 2015 IRP Update. For
example, Portland General Electric Company (PGE) reports a 36.8 percent
capacity factor for its 267 MW Tucannon Wind facility that came online in 2015.°

Similarly, PGE reports higher capacity factors for older vintage projects,

5 In the Matter of Portland General Electric Company, 2013 Integrated Resource Plan, Docket No. LC 56,
Integrated Resource Plan at 21 (Mar 27, 2014).
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including a 34.7 percent capacity factor for its 75 MW Klondike Il wind project
that came online in 2005, and a 31.8 percent capacity factor for the 450 MW
Biglow Canyon wind project that come online in phases between 2007 and 2011.°
In preparation for its 2016 IRP, PGE commissioned a study by DNV GL
to evaluate several different renewable supply options. The report was completed
in November 2015 and included an estimate of the cost and performance of new
utility-scale on shore wind projects located in lone, Oregon and central Montana.
That study, included as Exhibit PAC/101, estimated that the Oregon project
would have a capacity factor of 34 percent and capital costs of $1,680/kW in 2015
dollars, and that the Montana project would have a capacity factor of 42 percent
and capital costs of $1,700/kW in 2015 dollars.”
Has the Company also had a similar market study prepared?
Yes. After observing the changes in market conditions during 2015, the Company
engaged a third-party consultant, Black & Veatch, in 2016 to prepare a wind
market study to inform its upcoming 2017 IRP. This study is included as Exhibit
PAC/102. The Black & Veatch study estimates the capital costs of a wind plant
in 2016 dollars to be $1,784/kW in Wyoming and $1,769/kW in Oregon. For
comparison to the Company’s 2015 IRP Update, expressing the Black & Veatch
estimates in 2014 dollars results in capital costs of approximately $1,718/kW in

Wyoming and $1,703/kW in Oregon.

61d at 27.
7 Appendix M of PGE’s Draft 2016 IRP: https://www.portlandgeneral.com/our-company/energy-
strategy/resource-planning/integrated-resource-planning
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Why did the Company use a Wyoming wind plant as the renewable proxy in
its current standard renewable avoided costs?

Establishing a renewable resource deficiency period of 2028 aligns the assumed
acquisition of a renewable resource with the anticipated retirement of the 762
MW Dave Johnston coal plant in eastern Wyoming. Retiring this plant will free
up transmission capacity and provide access to more cost effective wind resources
in eastern Wyoming for the benefit of customers.

Is the Company proposing any changes to the standard non-renewable
resource avoided costs?

No. Current standard non-renewable avoided costs are tied to the acknowledged
2015 IRP, including demarcation of the resource deficiency period and the cost
and performance of the proxy resource.

Is a deficiency period of 2028 reasonable for standard non-renewable
resources given the fact that the Company anticipates retiring several coal-
fired units prior to that year?

Yes. A resource deficiency period of 2028 is based on the next major resource
acquisition in the preferred portfolio in the acknowledged 2015 IRP. The
preferred portfolio is calculated to the be lowest-cost, least-risk approach to serve
customers, and the evaluation of new resource additions takes into account all
known retirements of existing units. In the 2015 IRP it was anticipated that two
major coal units would be re-fueled to burn natural gas. In the 2015 IRP Update
those units were no longer assumed to be converted to natural gas, but would

instead be retired. Despite that change, acquisition of the next major resource

Opening Testimony of Brian S. Dickman
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2 Q. Does this conclude your testimony?
3 A Yes.
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APPENDIX M. Evaluation of Five Renewable Supply Options
(DNV GL)

Portland General Electric « 2016 Draft Integrated Resource Plan 743 of 808
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IMPORTANT NOTICE AND DISCLAIMER

1. This document is intended for the sole use of the Customer as detailed on the front page of this document to
whom the document is addressed and who has entered into a written agreement with the DNV GL entity issuing
this document (*DNV GL"). To the extent permitted by law, neither DNV GL nor any group
company (the "Group") assumes any responsibility whether in contract, tort including without limitation
negligence, or otherwise howsoever, to third parties (being persons other than the Customer), and no company
in the Group other than DNV GL shall be liable for any loss or damage whatsoever suffered by virtue of any act,
omission or default (whether arising by negligence or otherwise) by DNV GL, the Group or any of its or
their servants, subcontractors or agents. This document must be read in its entirety and is subject to any
assumptions and qualifications expressed therein as well as in any other relevant communications in connection
with it. This document may contain detailed technical data which is intended for use only by persons possessing
requisite expertise in its subject matter.

2. This document is protected by copyright and may only be reproduced and circulated in accordance with the
Document Classification and associated conditions stipulated or referred to in this document and/or in DNV GL's
written agreement with the Customer. No part of this document may be disclosed in any public offering
memorandum, prospectus or stock exchange listing, circular or announcement without the express and prior
written consent of DNV GL. A Document Classification permitting the Customer to redistribute this document
shall not thereby imply that DNV GL has any liability to any recipient other than the Customer.

3. This document has been produced from information relating to dates and periods referred to in this document.
This document does not imply that any information is not subject to change. Except and to the extent that
checking or verification of information or data is expressly agreed within the written scope of its services, DNV GL
shall not be responsible in any way in connection with erroneous information or data provided to it by the
Customer or any third party, or for the effects of any such erroneous information or data whether or not
contained or referred to in this document.

4. Any wind or energy forecasts estimates or predictions are subject to factors not all of which are within the scope
of the probability and uncertainties contained or referred to in this document and nothing in this document
guarantees any particular wind speed or energy output.

KEY TO DOCUMENT CLASSIFICATION

For disclosure only to named individuals within the

Strictly Confidential Customer’s organisation.

For disclosure only to individuals directly concerned with
Private and Confidential : the subject matter of the document within the Customer’s
organisation.

Commercial in Confidence : Not to be disclosed outside the Customer’s organisation.

DNV GL only : Not to be disclosed to non-DNV GL staff

Distribution for information only at the discretion of the
Customer (subject to the above Important Notice and
Disclaimer and the terms of DNV GL's written agreement
with the Customer).

Customer’s Discretion

Available for information only to the general public (subject

Published to the above Important Notice and Disclaimer).

Garrad Hassan America, Inc. Page i
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1 INTRODUCTION

Portland General Electric Company (“PGE"” or the “Customer”) has requested Garrad Hassan America, Inc.,
(hereafter DNV GL), to provide technical and financial information related to five potential renewable
electricity generation projects in support of the Customer’s Integrated Resource Planning (*IRP” or
“Project”).

The information provided in this Technical Note summarizes the results of DNV GL's analyses of these five
projects along with the methodologies employed and assumptions made.
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2 ABBREVIATIONS AND TERMINOLOGY

The following abbreviations are used in this document:

Abbreviation Meaning

AC Alternating Current

aMWw Average Megawatts - the total annual production divided by the number of hours
per year

BOP Balance of Plant

DC Direct Current

EPC Engineering, Procurement, Construction

IEA International Energy Agency

IRP Integrated Resource Planning

O&M Operations and Maintenance

PGE Portland General Electric

PTC Production Tax Credit

PV Photovoltaic

Wp Watts Peak - the measure of DC output under full solar radiation

The Average Capacity of the energy projects discussed herein is given in average megawatts (aMW), which
is calculated by dividing the total production for a year by the number of hours in a year. This is different
than the project’s Nameplate Capacity, which is discussed below in units of megawatts (MW).

The solar industry tends to base its calculations on DC electricity, whereas utilities tend to prefer to work in
AC electricity. In order to convert the requested solar parameters into AC units, a DC-to-AC conversion
factor of 1.2 was used. This value is commonly seen in the industry; however, for a more accurate value for
a given project, a site-specific and technology-specific evaluation is required.

Within this report, solar cost results referenced to watts peak (e.g. $/Wp) are based on DC power, whereas
cost results referenced to watts (e.g. $/MW) have been converted to AC power.
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3 SUMMARY OF THE WORK

DNV GL was asked to provide numerical values for specific technical and financial parameters that specify
five renewable energy projects under consideration by PGE in its IRP. This section describes the
methodology and assumptions DNV GL used to determine these numerical values.

The five renewable energy projects under consideration are defined as follows:

Average
Project Name Location Capacity Generation Technology
Coos Bay Offshore Wind Offshore from Coos Bay, Oregon 30 aMwW Wind (Offshore)
Ione Wind Ione, Oregon 116 aMW Wind
Central MT Wind Montana East of Rockies Along Colstrip Line 100 aMW Wind
Christmas Valley Solar 1 Christmas Valley, Oregon 25 aMW Solar (fixed tilt)
Christmas Valley Solar 2 Christmas Valley, Oregon 25 aMw Solar (single axis tracking)

It is noted that the Coos Bay Offshore Wind project is a real project under development by Principle Power.
This project is still in the early stages of development, but where possible, actual project specifications have
been used herein.

To DNV GL’s knowledge, the remaining 4 projects are not currently under development. As such, DNV GL
has developed a set of specifications for these projects considered to represent the technologies and
practices currently in use today.

3.1 Technical Parameters

3.1.1 Capacity

The Nameplate Capacity is the name-plate generation capacity of the project (in megawatts) needed to
meet the required Average Capacity.

3.1.1.1 Results
e Coos Bay Offshore Wind: 72 MW
o Ione Wind: 338 MW
e Central MT Wind: 236 MW
e Christmas Valley Solar 1: 115 MW
e Christmas Valley Solar 2: 103 MW
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3.1.1.2 Methodology

For all projects, the Nameplate Capacity is calculated by dividing the Average Capacity by the Capacity
Factor.

3.1.1.3 Assumptions

Assumes Average Capacities provided by the Customer (see table above).

3.1.2 Capacity Factor

3.1.2.1 Results
e Coos Bay Offshore Wind: 42%
e Ione Wind: 34%
e Central MT Wind: 42%
e Christmas Valley Solar 1: 21.7%
e Christmas Valley Solar 2: 24.2%

3.1.2.2 Methodology

e Wind projects: Gross energy is based on the power curve noted below and assumed mean wind
speed (see assumptions below). Net energy includes typical energy loss factors for an offshore wind
farm. The net Capacity Factor was calculated as the ratio of the net energy to the product of the
Average Capacity and 8760 hours per year.

e Solar projects: Meteorological data were obtained from SolarAnywhere for the requested project
area. The PVsyst software was used to calculate net energy, assuming spacing and loss factors
considered reasonable for the region and type of technology. The DC net capacity factor was
calculated as the ratio of the net energy to the product of the Average Capacity and 8760 hour per
year. The reported AC net Capacity Factor was calculated by applying a DC/AC ratio of 1.2, which is
considered reasonable for this region.

3.1.2.3 Other Assumptions

o Coos Bay Offshore Wind: Mean wind speed of approximately 9 m/s, which is based on preliminary
mesoscale mapping

e Ione Wind: Mean wind speed of approximately 6.6 m/s, which is based on extensive wind resource
analysis and experience in the region

e Central MT Wind: Mean wind speed of approximately 8.2 m/s, which is based on extensive wind
resource analysis and experience in the region

e Christmas Valley Solar 1: Result given in AC based on DC capacity factor of 18.1% with DC/AC ratio
of 1.2. Assumed 30 deg tilt, due south orientation, Normalized by dc capacity, assumed Performance
Ratio of 79.5%, solar resource based on experience, includes loss factor for inverter clipping.
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e Christmas Valley Solar 2: Result given in AC based on DC capacity factor of 20.2% with DC/AC ratio
of 1.2. Assumed horizontal single axis tracking oriented due south, Normalized by dc capacity,
assumed Performance Ratio of 78.6%, solar resource based on regional irradiation data, includes
loss factor for inverter clipping.

3.1.3 Power curve

3.1.3.1 Results

e Coos Bay Offshore Wind: The MHI Vestas V164-8.0MW turbine was identified as representative of
the technologies being considered for this project.

e Ione Wind: The GE 2.0-116 turbine was identified as representative of the type of technology
typically utilized in projects with this wind regime [1].

e Central MT Wind: The GE 2.0-116 turbine was identified as representative of the type of technology
typically utilized in projects with this wind regime [1].

3.1.3.2 Methodology
Identified example of turbine likely to be utilized in requested regions and wind conditions.
3.1.3.3 Other Assumptions

e Coos Bay Offshore Wind: This is the turbine on which the project design is currently based.

e Ione Wind: This is an example of a turbine that is appropriate for the wind regime and consistent
with latest technology.

e Central MT Wind: This is an example of a turbine that is appropriate for the wind regime and
consistent with latest technology.

3.1.4 Expected forced outage rate

3.1.4.1 Results
e Coos Bay Offshore Wind: 2.5%
e Ione Wind: 1%
e Central MT Wind: 1%
e Christmas Valley Solar 1: 1%

e Christmas Valley Solar 2: 1%

3.1.4.2 Methodology

These factors are based on typical industry values and cover balance of plant availability; not included are
turbine availability, grid availability (forced and planned outages), and curtailment. It is noted that all of
these factors are included in the losses accounted for in the Net Capacity Factors presented above.
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3.1.4.3 Other Assumptions

Standard assumed value; grid availability is excluded.

3.1.5 Panel efficiency

3.1.5.1 Results
e Christmas Valley Solar 1: 15.5-16%
e Christmas Valley Solar 2: 15.5-16%
3.1.5.2 Methodology
Based on typical industry values from top-tier panel suppliers.

3.1.5.3 Other Assumptions

This assumes 72 cell panels, 290 w - 310 w.

3.1.6 Inverter efficiency

3.1.6.1 Results
e Christmas Valley Solar 1: 98% - 99%
e Christmas Valley Solar 2: 98% - 99%
3.1.6.2 Methodology

Based on typical industry values.

3.1.6.3 Other Assumptions

This assumes typical aggregate loss factors. Transformers add an additional 1% loss.

3.1.7 Maintenance cycle and average maintenance days

3.1.7.1 Results
e Coos Bay Offshore Wind: Once every 12 months, 4 days per turbine
e Ione Wind: Semi-annual, 60-80 hours per turbine
e Central MT Wind: Semi-annual, 60-80 hours per turbine
e Christmas Valley Solar 1: 3 days per year plus quarterly maintenance (at night)

e Christmas Valley Solar 2: 3 days per year plus quarterly maintenance (at night)
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3.1.7.2 Methodology

Based on typical industry values.

3.1.7.3 Other Assumptions

e Coos Bay Offshore Wind: Industry standard, this does not include various inspections

e Ione Wind: Industry standard in US

Central MT Wind: Industry standard in US

Christmas Valley Solar 1: maintenance occurs at night, minimal inverter maintenance

Christmas Valley Solar 2: maintenance occurs at night, minimal inverter maintenance

3.1.8 Approximate footprint

3.1.8.1 Results
e Coos Bay Offshore Wind: 30-40 acres/MW
e Ione Wind: 80 acres/MW
e Central MT Wind: 80 acres/MW
e Christmas Valley Solar 1: 5 acres/MW
e Christmas Valley Solar 2: 7 acres/MW

3.1.8.2 Methodology

Based on typical industry values.

3.1.8.3 Other Assumptions

e Offshore wind project: Based on Block Island (Rhode Island), Rampion (UK), and Kentish Flats
Extension (UK)

e Onshore wind projects: Typical in the US

e Solar projects: Standard industry assumption. Trackers need additional area

3.1.9 Construction period, once permitted

3.1.9.1 Results
e Coos Bay Offshore Wind: 18-24 months
e Ione Wind: 10 months
e Central MT Wind: 9 months

e Christmas Valley Solar 1: 6-8 months
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e Christmas Valley Solar 2: 6-8 months

3.1.9.2 Methodology

Based on typical industry values.

3.1.9.3 Other Assumptions
e Offshore wind project: Construction period only, assumes financing is also secured
e Onshore wind projects: Based on DNV GL expected durations for construction tasks

e Solar projects: Largely dependent upon EPC contractor man-loading, and also weather dependent

3.2 Financial Parameters

The financial parameters below were requested by the Customer. All cost figures presented herein are in
2015 dollars.

3.2.1 Total overnight capital cost, including EPC and owner’s costs

3.2.1.1 Results
e Coos Bay Offshore Wind: $504M ($7,000/kW)
e Ione Wind: $558M ($1,680/kW)
e Central MT Wind: $401M ($1,700/kW)
e Christmas Valley Solar 1: $206M ($1,790/kW)
e Christmas Valley Solar 2: $204M ($1,980/kW)

3.2.1.2 Methodology

The total overnight capital cost is the cost to instantaneously develop and construct a project. Financing
costs are excluded. The figures reported here are based on typical costs per unit of energy seen in recent
projects and and include estimates for all major project cost categories. Additional background on capital
costs can be found in the U.S. Department of Energy’s 2014 Wind Technologies Market Report [2].

3.2.1.3 Other Assumptions
e Coos Bay Offshore Wind: Based on industry expectations for floating offshore wind projects
e Ione Wind: Based on the following break-down:
o $1,000/kW turbine
o $450/kW EPC
o $230/kW development/contingency/etc

e Central MT Wind: Based on the following break-down:
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o $1,000/kW turbine
o $470/kW EPC
o $230/kW development/contingency/etc

e Christmas Valley Solar 1: Assumes $2.15 per Wp, which includes construction costs and reflects
fixed-tilt technologies and the larger utility-scale PV projects that require financing

e Christmas Valley Solar 2: Assumes $2.38 per Wp, which includes construction costs and reflects
single axis tracking technologies and the larger utility-scale PV projects that require financing

e These estimates do not include the cost of capital, taxes, or other financing costs.

e These estimates do not include financial impacts associated with any tax credits (e.g. the Production
Tax Credit, PTC), or potential impacts from other revenue sources.

e The “development/contingency/etc” cost estimates provided above cover a nominal level of
development spending and typical contingency above the price of the construction contract and are
included here to reflect more complete project costs. These values are inherently project specific.

3.2.2 Standard deviation from average total overnight capital cost

3.2.2.1 Results
e Coos Bay Offshore Wind: Expected range: $5M-$8M/MW
e Ione Wind: Standard deviation: $0.350M/MW
e Central MT Wind: Standard deviation: $0.350M/MW
e Christmas Valley Solar 1: Expected range: $1.7M-$ 1.9M/MW
e Christmas Valley Solar 2: Expected range: $1.9M-$-2.1M/MW

3.2.2.2 Methodology

e Offshore wind project: The range for the overnight costs represents the expected range of floating
offshore wind projects based on previous cost studies for floating wind projects in Europe. The
estimate provided in Section 3.2.1.1 above is considered to represent a project installed off Oregon.

e Onshore wind project: DNV GL maintains a large database of wind project costs. These expected
value and standard deviation were determined based on projects of a similar size and in the Pacific
Northwest region.

e Solar projects: Range based on recent project costs using similar technologies in the Western U.S..

3.2.2.3 Other Assumptions
o Coos Bay Offshore Wind: floating offshore wind assumed to be at the high end of the range

e Ione Wind: Standard deviation is high due to limited availability of recent data of similar projects in
this region '
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e Central MT Wind: Standard deviation is high due to limited availability of recent data of similar
projects in this region

e Christmas Valley Solar 1: A cost range of $2.00 -$ 2.30 per Wp is expected for fixed-tilt projects.
This is considered to represent the range of typical projects in the Pacific Northwest; it does not
capture the extremes of the possible range.

e Christmas Valley Solar 2: A cost range of $2.25 -$ 2.50 per Wp is expected for single-axis tracking
projects. This is considered to represent the range of typical projects in the Pacific Northwest; it
does not capture the extremes of the possible range.

3.2.3 Escalation rate for capital costs over next 20 years, if different from
inflation

3.2.3.1 Results

The following table and plot show DNV GL's projection for the percentage decrease in overnight capital cost
for the offshore wind, onshore wind, and solar PV projects PGE has requested. These results were informed
by the IEA's Annual Energy Outlook (2013) [3] and by DNV GL's experience with utility-scale project cost
trends.

No on-going capital costs are assumed for a given project after it achieves commercial operation.
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Table 3-1 Percentage of 2015 Overnight Cost (based on $2015)

Year Offshore Wind (floating) Onshore Wind PV
% (2015) % (2015) % (2015)

2015 100% 100% 100%
2016 95% 99%

2017 90% 98%

2018 85% 97%

2019 81% 95%

2020 76% 94% 91%
2021 72% 93%

2022 70% 92%

2023 68% 91%

2024 66% 90%

2025 64% 90% 83%
2026 63% 89%

2027 61% 89%

2028 60% 89%

2029 58% 88%

2030 57% 88% 75%
2031 56% 88%

2032 54% 87%

2033 53% 87%

2034 52% 87%

2035 50% 87% 68%
2036 49% 87%

2037 48% 86%

2038 46% 86%

2039 45% 86%

2040 44% 86% 62%
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Figure 3-1 Percentage of 2015 Overnight Cost (based on $2015)

3.2.4 Fixed O&M

3.2.4.1 Results
e Coos Bay Offshore Wind: $165,000/MW/yr
e Ione Wind: $45,000/MW/yr
e Central MT Wind: $45,000/MW/yr
e  Christmas Valley Solar 1: $9,900/MW/yr
e Christmas Valley Solar 2: $10,000/MW/yr

3.2.4.2 Methodology

Costs in this category are related to scheduled maintenance (e.g. annual or semi-annual maintenance),
general facilities maintenance (e.g. roads and buildings), and administrative expenses (e.g. lease payments,
labor, etc). These costs are subdivided further in Section 3.2.5.1 below. )
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3.2.4.3 Other Assumptions

These estimates are based on typical values seen on wind and solar projects and are considered to be
representative of projects in the area(s) of interest. The values presented here are averages over the
economic life of the project (see Section 3.2.9.1 below).

3.2.5 Breakdown of fixed O&M costs including, but not limited to, service
contracts and warranty costs, royalty payments, and labor
3.2.5.1 Results
e Coos Bay Offshore Wind:
o Vessels: $53,000/MW
o Parts: $11,000/MW
o Labor: $22,000/MW
o Onshore support: $22,000/MW
o BOP O&M: 3,000/MW
o Insurance: $16,000/MW
o Lease payments: $28,000/MW
o Other: $10,000/MW
e Ione Wind:
o Scheduled Turbine O&M: $17,000/MW
o BOP O&M: $3,000-5,000/MW
o Utilities: $1,000/MW
o Project Management Administration: $3,000/MW
o Generation Charges: $1,500/MW
o Land Lease: $5,500/MW
o Insurance: $3,000/MW
o Property Taxes: $5,500/MW
o Professional Advisory: $3,000/MW
o Other G&A: $1,500/MW
e Central MT Wind:
o Scheduled Turbine O&M: $17,000/MW
o BOP O&M: $3,000-5,000/MW

DNV GL - Document No. 703337-USPO-T-01, Issue: C, Status: FINAL Page 13
www.dnvgl.com



Exhibit PAC/101 DRAFT
Dickman/18

o Utilities: $1,000/MW
o Project Management Administration: $3,000/MW
o Generation Charges: $1,500/MW
o Land Lease: $5,500/MW
o Insurance: $3,000/MW
o Property Taxes: $5,500/MW
o Professional Advisory: $3,000/MW
o Other G&A: $1,500/MW

e Christmas Valley Solar 1:
o Module cleaning: $5,000-6,500/MW
o Other: $3,400-4,900/MW

e Christmas Valley Solar 2:
o Module cleaning: $5,000-6,500/MW
o Other: $3,500-5,000/MW

3.2.5.2 Methodology
These estimates are based on typical costs from projects using similar technologies in the US.
Additional information on some of these charges is provided below:
e Scheduled Turbine O&M: annual or semi-annual service
e BOP O&M: maintenance of the physical plant
e Utilities: Electricity, water, sewer, etc. needed to operate the project facilities
e Project Management Administration: On-site and off-site project and asset management
e Generation Charges: Interconnection charges and parasitic power
e Professional Advisory: outside services such as engineering, tax, and legal services

e Other G&A: General and administrative costs not captured above

3.2.5.3 Other Assumptions
e Offshore wind project: Based on European experience, adjusted for floating project
e Onshore wind projects: Based on DNV GL database
e Solar projects:

o Cleaning: $1,500-$2,000/MWp;
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o Budget includes: System monitoring, regular visual inspections, preventative maintenance,
periodic electrical testing, inventory management, occasional medium voltage and inverter
work; on-site staff is typically present for these services on projects larger than 25 MWp.

3.2.6 Non fuel variable O&M

3.2.6.1 Results
e Coos Bay Offshore Wind: Not applicable
e Ione Wind: Not applicable
e Central MT Wind: Not applicable
e Christmas Valley Solar 1: Not applicable
e Christmas Valley Solar 2: Not applicable

3.2.6.2 Methodology

Based on discussion with the Customer, project operations and maintenance costs are considered to be
covered under either “Fixed O&M"” or “"Ongoing expected Capital Additions or maintenance accrual”. As such,
no costs are expected in this category.

3.2.6.3 Other Assumptions

None.

3.2.7 Approximate capital drawdown schedule

3.2.7.1 Results
e Offshore wind project:
o Approx. 15% down
o 65% for deliveries to port
o 5% for construction .
o 15% for commissioning (pro rata)
e Onshore wind projects:
o Approx. 20% down
o 50% on Ex-works completion (pro rata)
o 20% on delivery to site
o 5% on commissioning

o 5% on final completion
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e Solar projects:
o Approx. 10% down
o 80% in monthly progress payments

o 10% at substantial completion.

3.2.7.2 Methodology

These estimates are based on typical contracts in the wind and solar energy industries.

3.2.7.3 Other Assumptions
e Offshore wind project: Based on known projects, will depend on contractual responsibilities
e Onshore wind projects: Typical for US industry

e Solar projects: Typical for US industry

3.2.8 Ongoing expected Capital Additions or maintenance accrual

DNV GL notes that in this Report and at the request of the Customer, the term “ongoing capital additions” is
considered to be synonymous with the term “unscheduled maintenance,” which is more commonly used in
the wind industry.

3.2.8.1 Results
e Coos Bay Offshore Wind: Included in Fixed O&M (above)
e Ione Wind: $16,500/MW/yr
e Central MT Wind: $16,500/MW/yr
e  Christmas Valley Solar 1: $2,400/MW/yr
e Christmas Valley Solar 2: $2,500/MW/yr

3.2.8.2 Methodology

Costs in this section are associated with the replacement or repair of major components [4]. These are
typically considered to be unscheduled costs [5].

3.2.8.3 Other Assumptions

The values in this section are based on typical values seen within the wind and solar industries. The values
presented here are averages over the economic life of the project (see Section 3.2.9.1 below).

o Coos Bay Offshore Wind: Small project, with likely shared vessel resources, so cannot separate
scheduled and unscheduled maintenance costs

e Ione Wind: Based on DNV GL database, 25-year average value, does not include unscheduled BOP
maintenance
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e Central MT Wind: Based on DNV GL database, 25-year average value, does not include unscheduled
BOP maintenance

e Christmas Valley Solar 1: Assumes $2.90 per kWp/yr; this is driven by inverter repair/replacement

e Christmas Valley Solar 2: Assumes $3.00 per kWp/yr; this is driven by inverter repair/replacement

3.2.9 Design life: years

3.2.9.1 Results
e Coos Bay Offshore Wind: 25 years
e Ione Wind: 25 years
e Central MT Wind: 25 years
e Christmas Valley Solar 1: 30 years
e Christmas Valley Solar 2: 30 years

3.2.9.2 Methodology

Based on industry-standard values for the specific generating technology.

3.2.9.3 Other Assumptions

None.

3.2.10 Decommissioning accrual

3.2.10.1 Results
e Coos Bay Offshore Wind: $1,600,000/year
e Ione Wind: $0.00
e Central MT Wind: $0.00
e Christmas Valley Solar 1: $0.00
e  Christmas Valley Solar 2: $0.00

3.2.10.2 Methodology

e Coos Bay Offshore Wind: Decommissioning costs for offshore wind projects have been found to
equate to 7-10% of the capital cost. A bond is required to cover the cost of decommissioning the
portion of the project that us under BOEM jurisdiction (see 30 C.F.R. §585). The figure presented
here assumes a decommissioning cost equal to 8% of the capital cost, divided into equal annual
over the 25-year design life of the project (2015 dollars).
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e Onshore wind projects: Decommissioning cost is widely assumed to be offset by salvage value of
used components. A bond may be required to accumulate funds, although this is uncommon for
onshore wind projects.

e Solar projects: Decommissioning cost is widely assumed to be offset by salvage value of used
components. A bond may be required to accumulate funds.

3.2.10.3 Other Assumptions

None.
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