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Renewable Advisory Council
Discussion Document
Revised Green Tag Policy Option

Summary

With the growth of the voluntary market for green tags and the development of policy
changes offering project developers more options for selling their tags, the current
green tag policy has been out of synch with market circumstance. Increasingly, our
claims on project green tags are a source of contention with project sponsors. In
recent experience staff has also found that the strict application of the policy can be at
odds with a broader development of an industry.

As part of our strategic planning process, the Board asked us to more fully define the
issues and propose possible changes to the current policy to address the issues. This
paper outlines the issues and proposes possible alternative approaches. Staff seeks
feedback on the issues and the possible solutions.

Background

A green tag can be defined as the environmental benefits from the electricity generated
by a renewable energy project. Typically, these benefits are measured as the avoided air
pollution from an alternative, fossil-fueled source of generation.'

Green tags can be sold or traded. Green tags are a recognized financial instrument, and
the sale of tags can be an important source of project financing and profit. The owner
of the tags retains the right to claim the positive environmental benefits of the
generation from the renewable resource. While a renewable project may still be
renewable, its owner cannot claim to have or provide environmental benefits unless
they also own the tags.

Under SBI1 149, the public purpose funds for renewable energy are intended to defray
the above-market cost of certain renewable resources. The funding is restricted to new
projects or to a new addition to an existing project, and further restricted to particular
types of resources. SBI149 does not mention green tags.

Business approach

Energy Trust has developed strategies to foster the development of new renewable
energy projects based on varying market approaches, technologies and resource types.
Each program is guided by a market strategy that ranges from complex efforts to
transform the market, to simple efforts to acquire projects through cost buy-downs.
Most programs include a range of graduated approaches.

' The unit of measure is a megawatt- or kilowatt-hour.





Discussion Draft 3/9/2007

We have programs specifically directed at biomass, solar and wind. Collectively these
resources represent more than 90% of all the untapped potential in eligible renewable
energy in Oregon. We also have a program to acquire least-cost, large projects through
the utilities, and one to capture market-changing ideas. Efforts with the utilities
presently focus on large wind projects because they are the cheapest renewable option
in today’s market.

We have considered efforts to transform markets to be valuable even if they do not
immediately or directly result in projects or securing green tags. We share the cost of
feasibility and resource studies to build knowledge and information for others and build
a pipeline of projects. In other instances, we have publicized funding sources and helped
projects secure grants. We have also have provided ‘insurance’ for projects, holding
funds for them in case they need them for financial viability.

Current Green Tag Policy

The current green tag policy was adopted as an add-on to SB | 149’s direction to fund
the ‘above-market costs of new renewables.” The policy was developed after a year-
long discussion with stakeholders and the board. It is linked to the policy defining the
methodologies and processes used to calculate above-market costs.

Our policy requires that for each renewable energy project Energy Trust funds, we
must secure for ratepayers an amount of green tags proportional to our share of that
project’s above-market costs. By implication, the policy defines the value of the tags as
no more and no less than the project’s above-market cost. The policy allows the
project to retain tags in the near term to defray above-market costs, but in that instance
we would reduce the financial support we offered by the amount received by the
project from the green tag sales.

Per the policy, under certain circumstances Energy Trust can sell the green tags it
retains. At present all the tags we retain are held in trust for the ratepayer and retired
by the Energy Trust or by others on behalf of the ratepayer. We have agreed that
OPUC can have a say in the disposition of the tags from large-scale projects done with
the utilities, provided the ratepayer fully benefits.

Energy Trust’s green tag policy recognizes that future regulations and policies may give
more value to the environmental attributes of renewable energy. For instance, the
renewable portfolio standard under discussions in Oregon allows utilities to meet some
of their obligation with green tags. To protect ratepayers from the future cost of that
obligation, the Energy Trust policy secures tags in advance of the future need.

Issues
There are two broad issues facing the renewable energy program with green tags:

o Competition. When Energy Trust adopted the current policy, the voluntary
market in green energy in the Northwest was one-third of its current size, and
only Texas had a renewable portfolio standard (RPS). Today, over 20 states
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have varying forms of an RPS and more than 100,000 individuals and businesses
in the Northwest voluntarily purchase renewable energy through their utility.

The green tag is a key component of compliance in both the voluntary and the
mandatory markets.” It is possible to sell tags from Oregon to anywhere.
Consequently there is growing competition for those tags. Because
competition means that developers have more options, it has real impacts on
our programs, and also implications for the future availability of resources to
meet Oregon’s own RPS, should the Legislature adopt one.

o Value. A green tag exists based on the generation from a renewable energy
project. The market defines a value for tags based on demand and supply.
Our policy assertion that the green tag value is related to our above-market
funding is arbitrary and no longer realistic. The valuation of a green tag is
separately influenced and we have no flexibility to recognize this or
incorporate it into the long-term incentive structure for support from Energy
Trust.

Problem Statements
Staff see the following consequences from the current policy:

I. Lower long-term value for the ratepayer. In a RPS world, it may be the best
value for Oregon’s ratepayers in the long term to secure more tags now, even if
we do not get our ‘full share.’” In the growing competition for green tags, we
may be foregoing relatively cheap opportunities now by insisting on all of a
project’s tags in return for covering its above-market costs.

For instance, recently we were unable to reach agreement with two biomass
projects, totaling 13 MWV, as a result of our current green tag policy. Instead we
choose a 1.2-MW project that could conform to our policy. We paid relatively
more for the consequent green tags, at a levelized rate of $16/MWh.

The first two projects, above, had above-market costs equal to a levelized cost
of about $4/MWh, if Energy Trust paid 100% of the above-market costs. These
projects asked for the full above-market costs along with a quarter to half of the
green tags. They argued this provided better incentives to perform, giving them
a potentially greater upside for the long-term. Since this violated the strict
policy of sharing in proportion to the above-market funding, negotiations were
curtailed.

? California has a RPS and Washington State voters have approved an RPS. The Washington RPS allows
green tags from projects in Oregon and elsewhere in the Northwest to be used to comply. California is
considering the same, and in the meantime California utilities are signing power purchase agreements with
Oregon renewable energy projects. The wind developer PPM is building a project without a long-term
power purchase agreement with the ability to leverage the California market.
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The offer of sharing half of the tags for 100% of the above-market costs would
have provided tags at $8/MWh. This would have delivered green tags to Energy
Trust at half of the cost of the tags we did purchase. As we increasingly face a
market defined by the RPS, the current policy may run counter to the long-term
interests of ratepayers by having us purchase at higher rates or to let less
expensive tags go out of state.

2. Less project development. As the green tag market and RPS polices further
evolve, the green tag policy may narrow Energy Trust to smaller projects or
those furthest from market viability — that is, those for which green tag values
are much less than above-market costs.

To develop effective markets in renewable technologies, more project activity is
needed to attract the types of supporting services, venders and suppliers
necessary to create a viable alternative energy sector. More activity helps lower
costs and allows us to spread our funds further. Spending more on fewer
projects does not help drive a developing market as fast as could be done.

It may be a continual strategy by Energy Trust to always move to the next
technology further out on the curve. If so, this it would be more effective to be
intentional and explicit with appropriately designed programs.

3. Market Relevance. The current policy can imply to those with potentially
good projects that we are not the place for them. The inability to make a
compelling offer turns away prospective customers and makes us less relevant.

It may be easy to tell good projects to go elsewhere, but such a stance has a cost
in public credibility.

Oregon projects do want to work with us, because it helps lower their
transaction costs and creates an underpinning of certainty. Partnerships are seen
as valuable. We can bring a measure of credibility that gets the attention of
venders and financers. But, at the same time, we are perceived as capping all the
upside, providing only sticks for non-performance and few carrots for high
performance. The future value of the green tag market can provide that
incentive, if we are willing to share some of the up-side.

Options for Policy Revision

There are a range of responses to the issue raised. Obviously, no change is a rational
response. Continuing the current policy will drive us to be the provider for the smaller,
most expensive projects. Renewable energy goals would need to be lowered and some
programs revised a little to re-target markets. This is not likely to be in synch with the
RPS needs of the state.

Aside from no action, staff see two other directions we can take:
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I. Minimize. It has long been argued that our ownership share should be based on the
total project costs and not the above-market portion. Instead, we have held to a
position that we base our view on the leverage we provide.

If we compared our incentive to total project costs we would take far less green tags
from any project. For large wind our green tag share would drop form 100% to less
than 5%. For solar it would drop from 75-90% to 20-30%. By claiming less we would
lower the point of friction with project sponsors. However, this policy option would
produce less value for ratepayers.

2. Define a new methodology. The new approach would separate the above-market
cost calculation form the green tag acquisition. We would use green tags as a tool to
make compelling offers when we can secure comparatively cheap tags. The balance
would be between developing projects and securing direct environmental benefits
(green tags).

To satisfy the above, the policy could be modified to allow greater sharing of tags, if the
net present, levelized value of the green tags in the market is greater than the green tag
value derived from the above-market offer from the Energy. This balance would have to
recognize the structure of an Energy Trust offer compared to revenue uncertainties
over time for green tags.

How could the above work easily? Staff have worked this issue for several months and
after many iterations believe the following is the clearest and simplest way to proceed in
a changed policy:

First, Energy Trust would have to define a referent price for the green tags. This
would require periodic surveys of the market (most likely using an independent
third party or broker) The referent price may need to be done for a range of
technologies. It could also entail selling tags to ensure quotes are real.

Second, where a project’s above-market cost is less than the value of the tags
based on the referent price, Energy Trust would claim only as much green tags
as its financial incentive would buy on the market. In practice there may need to
be controls on minimum share for the ratepayers or other safety valves.

Consider the following example: Project C, a 10-megawatt wind project, will
generate 400,000 MWh over its expected operating life. Not counting any value
for green tags, the project is $1,000,000 above market. Energy Trust’s latest
review of tag prices indicates a market value of $4.00 per MWh for wind tags, or
$1,600,000 for Project C.

Under the above policy, Energy Trust would offer to pay full above-market cost,
or $1,000,000. In return, we would acquire 250,000 green tags over the life of
the project (that is, $1,000,000 divided by $4.00), or 62.5% of the tags in any
given year. The project would retain the rest of the tags.
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The key difference between the current and this examples is that the current
policy requires direct equivalence between the fraction of the project’s above-
market cost covered by Energy Trust, and the proportion of the project’s tags
received by Energy Trust. In contrast, the above acknowledges current green
tag values are set by the market, and that Energy Trust cannot determine them
by fiat.

Under this modification, the advantage to the developer is that they receive an incentive
sufficient to finance the project. They also, effectively, get a price floor for the green tag
revenues. The advantages to the Energy Trust are:

o the project is built, adding to market growth,
o Oregon ratepayers secure rights a significant quantity of tags at a reasonable
price, and
o the project has an additional, long-term positive incentive to maximize
generation.
Next Steps

Staff have been engaged with Energy Trust’s Policy Committee to define the issues and
possible approaches. Staff and the Committee are interested in comments and feedback
from the RAC to help define a preferred solution.
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of Oregon, Inc.

Open Solicitation
Program Update
March 147, 2007

Feasibility Studies

e City of Astoria — Study underway of potential sites for a wind project and a municipal hydro
project where water is delivered to the city. The study is expected to be completed by the
end of the year.

e Talent Irrigation District — study of potential sites for hydro projects is about to begin. The
study is expected to be completed by March of 2008.

¢ Hood River County — The study examining potential sites for hydro projects is being
conducted in concert with several irrigation districts in the county. The study is expected
to be completed by March of 2008.

e Town of Lakeview — This study of options for adding a hydropower project to the city’s
water delivery system was completed in January.

Applications Received

o Swalley Irrigation District — The district is requesting funding for a 980 kW hydro project
scheduled to be completed by March of 2009. We are awaiting a few more figures from the
district before we can begin financial analysis of the project.

e St. Laurent Ranch — a private property owner has submitted initial applications for two
hydro projects totaling 600 kW. We have also received a request for cost-share funding to
for a small feasibility study on interconnection and other costs.

Projects Underway or in Contract Negotiations

e City of Albany — Albany is about to order equipment for a 500 kW hydro project that is
will be part of the city’s water system. The project is scheduled for completion in
October of 2008.

e PHC Solar — Portland Habilitation Center is installing an 869.4 kWV solar system on the
roof of its new manufacturing facility in Northeast Portland. The project using a third-
party financing model is scheduled to be completed at the end of 2007. The project has
received board approval. We have begun work on the contract.

Outreach

e Meetings with city officials in Portland, Tigard, Sherwood, West Linn, Lake Oswego,
Milwaukie, Gladstone, Yamhill County, Hillsboro, and Albany. We have examined
potential solar sites and sites for small hydro projects.
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e Presentations to Rotary Clubs in Southwest Portland, Tualatin, Oregon City, and
Hillsboro.

o Staff served on the planning committee for the upcoming conference on April 24 in
Portland, “Making Renewable Energy Projects Happen.” The conference is being
organized by the Northwest Environmental Business Council.

e Energy Trust is part of hydropower working group being formed by the Oregon
Department of Energy. The group is planning a May workshop in Bend.

Policy on Commercial Technology

It is the renewable resources’ department policy to fund projects utilizing commercial
technology. The Open Solicitation Program receives inquiries on a regular basis that require a
judgment call on whether a technology or project is considered commercial. We’ve needed to
clarify and define what is considered to be commercial. Following are our internal criteria and
policy regarding this question. We invite feedback from the RAC.

Energy Trust approach to commercial technology

Energy Trust of Oregon’s renewable energy programs seeks to secure long-term supplies of
clean renewable power on behalf of PGE and PacifiCorp ratepayers. For that reason, we focus
on projects able to deliver power reliably over an extended operating life (typically twenty
years).

Energy Trust also seeks where appropriate to build markets for renewable energy technology.
For this reason, we give high priority to projects that can be replicated.

To enable the program to achieve these goals, eligible projects must use commercial
technology and approaches, generally defined as follows:

o  Operating history: Key equipment and approaches must have a history of successful
operation in similar applications.

e Commercially available: Key components used in the project must be available to the
public from entities with stable business histories.

e  Performance warranties: Key components and approaches should come with standard
commercial performance warranties.

e Service and maintenance: The project should have access to replacement parts, and
skilled operation, service and repair personnel, provided by entities with stable business

histories.

e Documentation: Vendors must provide installation and operations manuals for key
components.

In special cases, Energy Trust may consider projects using less commercially mature technology
or approaches, where that project can help establish an important new market or create other

Page 2 of 3





Program Update 03/14/2007

significant ratepayer benefits. Proposals to fund such projects may be less competitive, and
Energy Trust funding offers will take into account the higher level of performance risk associated
with them. Energy Trust may opt to bring these special cases to the Renewable Energy
Advisory Council for review.

Page 3 of 3






Renewable Energy Advisory Council

Wednesday, March 14", 2007 9:30 a.m. — 12:00 a.m.

Energy Trust Conference Rooms
851 SW 6" Ave. Suite 1200
Portland, OR 97204

AGENDA
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EnergyTrust

of Oregon, Inc.

9:30 Welcome and Introductions
= Review Agenda
= Approve January Meeting Notes

9:40 Solar Impact Evaluation

Action

Information

Phil Degens will present the findings of the 2006 solar PV impact evaluation

= Follow-up by David McClelland

10:15 PMC & Process Evaluation

Information

Phil Degens will describe the evaluation of the program delivery used in energy efficiency

10:25 Break

10:40 Green Tag Policy

Discussion

Staff will summarize the issues with the current green tag policy and their implications

11:20 Program & Budget Updates

11:45 Public Comments

12:00 Meeting Adjourned

Information

The next scheduled meeting of the Renewable Energy Advisory Council will be on April 18.
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Solar Electric
Program Update
March 14", 2007

Installations

e |50 kW installed since Jan |, 2007; 270 kW committed
o PGE is 60% of installed capacity, 50% of commitments
e 4 commercial projects (4 different installers):
=  Mountain Cabins, Ashland, 10 kW (ground mount)
= Holden Wholesale Growers, Silverton, 29 kW (roof mount)
= Sokol Blosser, Dayton, 24 kW (pole mount)
= Kyle Electric, North Bend, 24 kW (roof mount)

Incentives/Financial

e Letter Raised commercial incentive cap and per-watt incentive rate for businesses
= up to $70,000 for 50 kWV in PGE territory
= up to $57,500 for 50 kWV in Pacific Power

e Developed a proposal for PGE to offer no-interest loans to residential customers for PV
systems

e Met with 2 new potential developers using 3" party ownership models

Technical Program Administration

e Gave EPUD right to use our System Requirements in their new PV incentive program

e Signed new UOSRML contract to continue PV performance monitoring, to assist with
monitoring PSU’s new test facility and to generate sun charts for Hood River

e Received award to host PV training for building inspectors in Oregon, funded through a
federal grant received by IREC

e Provided comments on final draft net metering rules
e Held PV and SWH trade ally training sessions in December, both fully attended
= 5 new trade allies have enrolled

e Hired intern Eric Youngson to streamline our requirements for analyzing solar resource
at project sites
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Outreach

e Presented solar options to the following audiences:
=  HBA homebuilders and realtors (with OSEIA and ODOE)
= ACI NW conference

=  Green Building Council of Central Oregon (one to homeowners, one to
residential and commercial developers)

=  NW Natural staff brown bag session

e Hosted Brian Keane of SmartPower; considering proposal for market research and new
marketing/branding strategies

e Integrated solar offering into energy efficiency programs:
= Building Outreach Specialists working with ENERGY STAR home builders
= Home Energy Reviewers recommending upgrades to existing homes
= Incentive for ENERGY STAR model homes with solar
o Signed contract with Solar Oregon (co-funded by OSD Solar Now! campaign)
= monthly basic solar workshops
= in-depth solar workshops
= tabling events with Energy Trust and Solar Now! materials

e Planned a media even for Molalla HS Solar 4R Schools installation (with PGE and BEF)

Page 2 of 2
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Wind
Program Update
March 147, 2007

Anemometer Loans

e One 30m and one 50m anemometer were installed for a total of 22 systems installed to
date

e Providing data analysis for USDA VAPG Community Wind Feasibility Studies

e Data collected and analyzed to date by the program is now online at
http://me.oregonstate.edu/alp/alp current.htm

Community Wind

e Letter of Intent signed with Sherman County Wind Farmer, LLC (10MW)
e Letter of Intent signed with Mar-Lu Community Wind, LLC (4.5MW)
e Preparing USDA 9006 application for China Hollow Community Wind, LLC (1.5MW)

¢ Announced a program to provide financial support for USDA Value-Added Production
Grant applications with tall towers available for community wind feasibility studies.

Small Wind

e Contract with NW Sustainable Economic Development (NWSEED) to determine best
practices for state small wind programs.

e Preparing to enter negotiations with AWSTruewind to provide online wind resource
mapping data for Oregon.

o  Example: http://www.windexplorer.com/NewYork/NewYork.htm

o  Example: http://www.windexplorer.com/Ohio/ohio.htm

e Provided a performance based financial incentive for Robert Migliori north of Newberg,
Oregon

o  Volt Air Wind Electric - 42kW

o  Payment of $24,125 over 5 years based on achieving a minimum of 80%
estimated output

o  Will participate in anemometer loan program and provide monthly production
data

e Provided a financial incentive for Marty Thornton of Independence, Oregon
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o Air-O-Power - 5kW
o  $2,500 financial incentive to be paid after inspection

o  Will participate in anemometer loan program and provide monthly production
data

General

e Participating in OPUC interconnection workshops

Page 2 of 2
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Comments, clarifications, corrections and suggestions are welcome.

Stellar Processes is a company of consulting engineers specializing in energy economics,
measurement and verification. Our expertise includes monitoring and commissioning large
facilities as well as diagnostic evaluation of small buildings. Projects include:

e Impact evaluation of monitored savings from improvements to small commercial HYAC
systems.

e Evaluation of savings from residential weatherization and heating duct sealing for a
Northwest public utility.

o Development of a simplified tool for billing analysis and simulation to diagnose problems,
estimate savings and provide performance-based contracting.

e Evaluation of large building commissioning program for New England utility.

o Verification of savings and market analysis from computerized Energy Management of large
buildings in the Midwest.

e Development and analysis of measurement and verification for Energy Service Company
performance contracts.

e Testing of solar water heater systems
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Executive Summary

This study reviewed consumption records (utility bills) for participants in the
Energy Trust solar photovoltaic (PV) program. The goal was to determine if the
expected reduction in electricity occurred for participants.

The methodology of reviewing utility bills is subject to some uncertainty. In many
cases, the home is under construction prior to the solar installation so the energy
consumption is not typical. During the analysis procedure, we attempted to
remove cases with atypical records but we are not certain that we have
accounted for all such projects.

The solar installations also included a dedicated meter to record electricity
production with reading taken by the participants. These meter readings are
probably a better measure of solar production and have been normalized to
reflect annual energy generation. Major conclusions are:

e PV readings taken by the participants appear to be the best measure of
actual solar production. This generation averaged 3,176 kWh or 99% of
expected.

e PV readings agree reasonably well with expected energy production. This
suggests that the installations are generally performing as contractors
promised.

e Net kWh production to the grid as estimated from billing data does not appear
to differ by climate zone. This is somewhat surprising but a small difference
may be masked by variability in the observations.

e Analysis of consumption records (utility bills) suggests less reduction in total
energy consumption than expected. The regression estimate of consumption
change averages 2,409 kWh or 73% of generation. While the reduction is
statistically significant, it is not clear if it represents consumer “takeback” or
inconsistent data reflecting partial occupancy prior to the solar installation.

e A comparison group showed small downward trend that was not statistically
significant. However, if the regression estimate of energy change is derated
for this trend, the net energy production would average 2,154 kWh or 65% of
expected.
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Introduction

Program History

The Energy Trust of Oregon (ETO) in 2002 initiated incentives for on-site solar
photovoltaic electricity production. Participants usually install systems that are
connected to the electricity grid and “net metered”. That means that when
electricity is produced by the photovoltaic system, it flows to the grid and drives
the participant’s electric meter backward. The goal of this study was to compare
participant’s electricity bills pre- and post-installation to determine if the expected
reduction in electricity billing occurred. In addition, we also compared results to
electricity production that was separately metered with the meter read by the
participant.

The essence of this program was to achieve electricity reduction by installation of
solar photovoltaic panels. For purposes of this study, we reviewed participants
that were listed as completed by May 12, 2006.

Energy Usage Analysis

Documentation Of Analysis Methodology

Studies of this sort frequently use the PRInceton Scorekeeping Method (PRISM)
to weather normalize the consumption data and to remove ‘noise’ due to the
weather which could influence consumption before or after treatment. The
difference between consumption before and after treatment represents the
energy savings due to the program. PRISM uses regression to separate the
electric bill into a baseload and seasonal, weather-dependent component. This
output is used in the analysis to determine whether there have been changes in
the baseload or weather dependent component after treatment. The weather
dependent component is assumed to represent primarily space heating. (In fact,
it includes a small amount of seasonally dependent energy for increased water
heating and lighting consumption during winter months.) Space heating occurs
only below a balance temperature, which is unique to each home. The balance
temperature depends on the thermal integrity of the house, the preferred
thermostat setting of the customer and other behavioral factors. During the
summer, when there is no space heating, consumption includes only a baseload
component. The sum of both baseload and weather-dependent components
provides the Normal Annual Consumption (NAC). NAC is the typical total annual
energy consumption during a “normal” weather year.

In this analysis, we utilized PRISM as a first step, but quickly realized that a
modified regression is necessary. For this program, we expect that solar
electricity production will peak during summer months — which will interfere with
isolating the baseload. However, the heating slope and balance temperature
should not change as a result of the treatment. Thus, we established a pooled
regression technique in which we used the same baseload and balance
temperature but included post-installation solar irradiation as an additional
variable. This model is illustrated in Figure 1.
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Energy Consumption Plot
Multivariable Regression
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Figure 1. Example of Regression Model

One might wonder if the solar irradiation on the tilted solar panels is different than
the horizontal solar irradiation used as an independent variable in the regression
model. Indeed, radiation is different on a tilted surface. However, the radiation
bears a linear relationship to the horizontal irradiation. Thus, the horizontal
irradiation is suitable as a variable for linear regression. The “tilt effect” will be
included in the regression coefficient estimated in the regression model. The
same is true of the size of the solar array. Obviously a larger solar array will
result in a larger solar regression coefficient.

The regression procedure identifies data points that may be outliers due to partial
vacancy or other data errors. We flagged as outliers points that differ from the
model by two standard errors or more. Such points may be removed from the
analysis if it appears warranted or retained if they appear to be correct. Pooling
of the pre- and post-retrofit data is useful because we had fewer data
observations representing the post-retrofit period. With a pooled model, we are
better able to utilize post-retrofit data that cover less than a full year period.

For purposes of the analysis, we do not care about the regression coefficients
per se — we are only using those coefficients to compute the weather normalized
Annual Consumption (NAC) for the pre- and post-installation years. It is the NAC,
or rather the difference between the two NACs, that is of interest. The important
criterion for analysis is that the regression model provides a relatively good fit to
the individual data points. The usual metric to quantify model fit is the R2 of the
regression. In this study, R2 for the analysis group ranged from 40% to 99% with
an average of 72%.
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Many participants, especially in South West Oregon, have noticeable cooling
consumption. For these cases, we also found it necessary to develop a
regression model that includes a cooling as well as heating. That is, the model
includes a cooling balance temperature and cooling slope similar to that used to
model heating consumption. An example of this regression model is shown in
Figure 2.

(Notice that in both these figures, the line represents the modeled performance
relative to the temperature variable. However, the plot does not show the full
impact of solar irradiation. Thus, the fit of the regression model to the data points
may be better than is suggested by the modeled line. This is particularly the case
for the cold weather post-installation points in Figure 2.)

Energy Consumption Plot
Multivariable Regression
250
R ¢ Pre Consumption
é 200 - m Pre Outlier
g Post fit
Z & 150 Post Consumption
8 E' ® Post Outlier
3> 100 |
N
&
2 50 ° °
[ J
0 o - - :
20.0 40.0 60.0 80.0
Average Monthly Temperature

Figure 2. Example of Regression Model with Cooling

A frequent problem with regression studies is that a large portion of the study
population must be removed due to the inability to form a successful regression
model. Such problems might be caused by gaps in the data, vacancies or
changes in the occupant’s behavior. In this case, we reviewed the data carefully
in order to preserve as many cases as possible. Each case was individually
reviewed for outlier observations. Often these changes could be identified as
periods of partial vacancy due to vacations. In these cases, the regression was
computed with outliers removed.

The sample disposition describes the initial procedures used to eliminate cases
from the study. Pre and post periods were labeled, and the month during which
the home was treated was not included in either the pre or post periods.

Daily temperature data provided by National Oceanic and Atmospheric
Administration (NOAA) were used to build the temperature file used by the
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regression. NOAA was also the source for long-term average weather data used
to weather-normalize the data.

The University of Oregon Solar Radiation Laboratory provided solar irradiation
data. Unfortunately, solar data were not always available for all sites during the
study period. In particular, solar monitoring was discontinued for the Medford
location, which was best suited to many sites in South West Oregon. For these
sites, we utilized weather data from Klamath Falls location for both the pre- and
post-installation period. It is important that the same sort of weather data be used
for the pre- and post-installation periods. However, it is not so important that the
data be from a close location. The regression procedure will correct for
differences due to microclimate assuming that such differences are linear, which
is reasonable to assume.

Programmatic impact on consumption was evaluated using a traditional quasi-
experimental design. The design compares the participants to a similar but
untreated group. In a true experimental design, members would be assigned
randomly to either the treated or the comparison group.' This approach is not
possible for an actual program where interested customers are allowed to
participate. Hence, the design is considered “quasi” experimental. The non-
participants were drawn from a pool of future program participants. This
minimizes the possibility of any self-selection bias that may mark the participants
as being different from typical customers. Use of future participants offers
another benefit since site characteristics collected in a later year can be applied
to the comparison group in an earlier year. Regression analysis of the
comparison group (control group of future participants) followed the same
procedures developed from the analysis of the participant group.

The analysis uses a standard pre/post cross sectional consumption (billing)
analysis. The weather normalized annual consumption (NAC) before the
treatment establishes a baseline, which can then be compared to weather
normalized consumption after the treatment. The difference in consumption
determines gross changes. That is:

Gross changes = NAC (pre) - NAC (post)

Gross changes are determined for the comparison group in the same way. The
participant changes are corrected for any consumption change apparent in the
comparison group. The result is net changes attributable to the power generated
by the solar panels. This difference of differences approach is traditionally used
in DSM evaluation to “net out” savings due only to the treatment.? Results are
reported in terms of the average kWh reduction per participant.

' Cook, Thomas and Campbell, Donald, Quasi-Experimentation, Design and Analysis Issues for
Field Settings, Houghton Mifflin Co., 1979. Campbell, Donald and Stanley, Julian,
Experimentation and Quasi-Experimental Design for Research, Houghton Mifflin Co., 1963.

% Fels, M. The Princeton Scorekeeping Method: An Introduction, Princeton University, Center for
Energy and Engineering, Princeton, NJ, PU/CEES 163. Fels, M., Special Issue Devoted to
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Group Characteristics

Those cases included in the impact study matched well the location distribution
of all program participants. An exception occurred with the comparison group.
Due to limited consumption records, the comparison group was more likely to be
located in the Willamette Valley.

Table 1. Program Participant Locations

Weather Program Study PV Comparison
Location Participant Group Reading Group
Fraction Fraction Fraction Fraction

Willamette 33% 36% 35% 88%

Valley, Coast

South West 33% 31% 33% 8%
regon

Central Oregon 34% 32% 33% 4%

Sample Disposition

The intent of the evaluation was to analyze consumption for all participants. Due
to incomplete data and occupant changes, a full sample is never possible. For
this study, we also observed some rural participants with multiple meters and
inexplicable changes in the data available from the different meters. Such cases
were not usable. In some other cases, the facility was obviously of recent
construction and there were no comparable pre-installation data. These cases
were also not usable. A serious problem with this study is that we do not have
assurance that the pre- and post- installation data truly represent a similar level
of occupancy by the participants.

We had sufficient consumption data to analyze approximately 40% of program
participants as shown in Table 2. Not all these cases are acceptable for impact
review. The data analysis procedure identified 26 cases with obviously different
usage due to new construction or other significant change, 10 cases that were
commercial facilities, and another 9 cases where data varied too widely for a
reasonable regression fit. The final result was 118 cases for which the regression
technique appears to successfully model the participant’s consumption records.
Of those cases, 83 also had a meter reading of total kWh produced by the PV
panels that had been recorded by the participant.

Measuring Energy Savings: “The Scorekeeping Approach”, Energy and Building, 9(1-2), Feb/Mar
1986.
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Table 2. Summary of Sample Disposition

Number of

Participants
Total Participants, 277
Complete by 5/12/06
Data Analysis 163
Acceptable Cases 118
With PV Read 83
Comparison Group 26

Participants Attrition Table

277 cases in program files (245 are residential)

Y

163 cases with consumption data for analysis

Y

26 cases dropped — utility records show occupancy change
10 cases dropped -- commercial facilities
9 cases dropped — unable to achieve a good regression model

Y

Review and preservation of cases
118 cases acceptable for review
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Comparison Group
Future participants were chosen from those who participated the following years,

in 2005-6. In that way, the future participants would have a full year of “post” data

Page 8

to correspond to the participant’s year of post data. For this comparison group,
we chose a “participation” date of December 2004. One would like to be
confident that the comparison group is, in fact, representative of the (treated)
participant population. Figure 3 compares the pre-installation energy
consumption of both groups and shows reasonable agreement.

Distribution of Pre-Installation Normal Annual

Consumption (NAC)

70,000
60,000 +
50,000 +
40,000 -
30,000 +
20,000 -
10,000 +

0
0%

20%

40%

60% 80% 100%

— Treated Participants
Control Group

Figure 3. Comparative Distribution of Consumption
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Overall Program Results And Conclusions

Energy Impacts Results
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For the participant sites, we derived the energy reduction estimates in Table 3.
As is apparent, the NAC reduction derived from regression analysis fall short of
the expected change in energy consumption. The comparison group shows a

change in consumption that appears as a small amount of reduction, so the

shortfall is even larger. This leads to the question of whether participants “took

back” some of their solar generation by increasing their electricity consumption. If
so, the results are not necessarily a response to the solar installation. As
discussed previously, there is still uncertainty about whether the pre-installation
data represents homes that were fully occupied.

Table 3. Participant Analysis Group Energy Reduction Estimate (118 Cases)

Standard | Standard | 90% CL | 90% CL Significance
Variable Mean Deviation Error Lower | Higher | t-test (1-tailed)
Pre-Installation NAC,
kWh/year 12,380 8,966 825
Post-Installation
NAC, kWh/year 9,971 8,247 9,971
Change in NAC,
kWh/year 2,409 1,707 157 2,148 2,669 | 1.282 0.032
Expected Savings,
kWh/year 3,318 923 85 3,177 3,459
Table 4. Comparison Group Energy Reduction (26 Cases)
Standard | Standard | 90% CL | 90% CL Significance
Variable Mean Deviation Error Lower Higher | t-test (2-tailed)
Pre-Installation
NAC, kWh/year 16,215 12,084 2,417
Post-Installation
NAC, kWh/year 15,881 11,920 2,384
Saved NAC,
kWh/year 334 1,034 207 -20 688 1.615 0.119

The reduction estimate is statistically significant for the treatment group, although
it just barely fails to be significant for the comparison group.

A difficulty in viewing the reduction is that the customer’s behavior is not
necessarily consistent from year to year. Changes in family size or consumption
habits interfere with direct observation of the savings. One approach to minimize
the effect of behavioral “noise” is to observe the distribution of pre- and post-

retrofit NAC shown in Figure 4. In this graph, individual cases are sorted by
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consumption level. This compensates for random variation in behavioral
consumption. The resulting plot shows a distinction between the pre- and post-
retrofit distributions of consumption. The lower line for “post” shows that there is
a reduction relative to total consumption.

Distribution of Normal Annual Consumption
(NAC), Treated Group

70,000

60,000 - )

50,000 -

40,000 - j —— NAC Pre-installation

30,000 . NAC Post-Installation
| /

20,000

10,000 - /
0 ‘ ‘ ‘ ‘
0% 20% 40% 60% 80% 100%

Figure 4. Pre/Post Distribution Treatment Group

A similar treatment of the comparison group is shown in Figure 5. Note that the
pre- and post-retrofit consumption is almost identical for this group. That is, there
is only a very small reduction for the comparison group.

Distribution of Normal Annual Consumption
(NAC), Comparison Group
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Figure 5. NAC Distribution Treatment/Comparison Groups
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The comparison between these two groups is even more apparent in Figure 6.
This chart shows the distribution of changes in consumption for treated and
comparison groups. As expected, the comparison group has a mean saving of
almost zero and the treated group is consistently larger.

Distribution of NAC Changes

10,000
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6,000 -

4,000 - — Treated Participants
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Figure 6. Distribution of Energy Reduction Compared

Since the comparison group uses slightly more energy than the program
participants, one could adjust the trend by the ratio of consumption. The trend
amount averages 2.1% of consumption or 255 kWh when applied to the
participant group. This value was used for estimating net NAC energy reduction.
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Solar Energy Production by Climate Zone

Surprisingly, there appears to be no significant difference between climate zones
(ANOVA sig = .480 is not significant) . Table 5 shows similar reduction despite
the fact that solar irradiation should be 20-30% better outside the Willamette
Valley. One might conclude that installers have tended to compensate for less
favorable solar climate by increasing the size of the solar array. However, that is
not the case. Program data shows no significant difference in the installed array
size — the average is about 2800 Watts in all zones. Expected energy production
is significantly larger in South West Oregon which should lead to somewhat
larger solar production in that zone.

Table 5. Climate Zone Comparisons
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Mean NAC
Reduction Standard | Standard | 90%CL | 90% CL
Climate Zone kWh /year Number Deviation Error Lower Higher

Willamette
Valley, Coast 2,576 43 1,777 271 2,029 3,123
South West
Oregon 2,496 37 1,644 270 1,948 3,044
Central Oregon 2,135 38 1,699 276 1,577 2,694

One can explore this observation with the sub-group that has both PV Readings
and NAC Analysis. As shown in Table 6, the difference lies in the NAC analysis.
The Expected Generation shows that the Willamette Valley climate should
provide less opportunity for energy production. According to the PV readings, the
generation in that climate was slightly better than expected. (The Realization
Rate is the ratio of observed to expected.) However, the NAC Analysis Change
shows little difference between the climate zones. Zone differences may be
buried within the high variability of the NAC Analysis methodology.

Table 6. Production Estimates by Climate Zone, Average kWh/ Year

. NAC .
PV Reading . NAC Analysis
Expected PV A Analysis o
Number|Generation| Reading Realization Rate Change Realization Rate
Willamette
Valley, Coast 27 2,766 2,935 106% 2,279 82%
South West
Oregon 29 3,764 3,476 92% 2,707 72%
Central
Oregon 27 3,007 3,096 103% 1,961 65%
All Zones 83 3,193 3,176 99% 2,325 73%
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Comparison to PV Reading Results

As mentioned, participants installed a separate electricity meter on the solar
system and independently recorded their solar production. These readings did
not always occur on the basis of one calendar year. Trust staff corrected the
reported readings to normalize for a one-year period. PV readings were available
for only a portion of the study group but the results are interesting. Figure 7
compares expected energy production to PV readings. (Expected production is
computed by the installer and reported to the customer.) The 45-degree line is a
reference line, not a regression through the data points. If the two estimates
agree with each other, one expects the data points to be aligned along the 45-
degree line — as is the case in Figure 7. This suggests that the expected
production is a good indicator of the energy reduction participants actually
achieve. For comparison, Figure 8 shows less agreement between expected and
NAC energy reduction.

Expected Savings vs PV Reading, Annual kWh
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Figure 7. Expected Energy Reduction and PV Readings





Solar Photovoltaic Impact Evaluation

Page 14

Expected Savings vs NAC Savings, Annual kWh
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Figure 8. Expected and Regression NAC Energy Reduction
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Table 7 compares NAC reduction estimates to both the expected and PV reading
estimates of energy production. Net NAC reduction has been derated for the
changes observed in the comparison group, even though these changes are not
statistically significant. The expected production and PV readings agree closely.
This suggests that the PV readings, since they were recorded directly from the
solar array, are the best estimate of actual solar production. Figure 9 compares
these different estimates of energy production.

Table 7. PV Reading Group Production Estimates (83 Cases)

Standard Sample 90% CL | 90% CL
Variable Mean Deviation Count Lower Higher
Control Trend 334 1,034 25 -20 688
NAC Reduction 2,325 1,640 83 2,026 2,625
Net NAC Reduction 2,070 274 83 1,615 2,526
Expected Production 3,193 826 83 3,042 3,344
PV Read Production 3,176 927 83 3,007 3,346
Mean Energy Changes and 90% Confidence Limit
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Figure 9. Different Production Estimates within PV Reading Group

The shortfall of NAC reduction compared to expected is a significant difference
(z-test = 2.50, sig= 0.012 one-tailed) suggesting that “take back” may occur.
Depending on whether one chooses to adjust for the comparison group change,
the takeback ranges from 1185 to 851 annual kWh. The question of causality is
not addressed at all by this study. Did participants increase their electricity
consumption because they knew that solar power would offset their increase? Or
is the apparent difference due to the fact that pre-installation consumption often
reflects partial occupancy that we were unable to weed out during the analysis?





Solar Photovoltaic Impact Evaluation Page 16

There is no clear answer without an additional survey. It is possible that
customers tend to increase energy consumption, figuring that they no longer
need to conserve since they are generating. If so, that change should be taken
into account for planning purposes. However, given the small change and the
uncertainty of full occupancy, it is not clear that a conclusion is possible.

Program Impact Results

One can apply impact results from the groups analyzed to extrapolate to the
remaining cases. First, we computed a “realization rate” defined as the impact
result divided by the expected energy production. These realization rates were
computed for both the PV reading and NAC estimates of reduction. In neither
case were there statistically significant differences by climate zone. The mean
realization rates were 99% for PV readings and 73% for NAC estimates.

Table 8 shows the mean reduction for each sub-group of program participants.
First, the group with PV readings has mean production computed as the actual
PV readings and NAC reduction estimates. If one chooses to subtract the
comparison group savings, the net NAC impact is reduced. Program energy
production is then the product of the mean production times the number in each

group.
The next group is the one for which regression analysis was possible. For those
cases without PV readings, an estimated result was extrapolated as the average
realization rate times the expected production. For those cases with PV readings,
the actual reading was used. This group also has actual NAC reduction
estimates.

The final group is the full set of all residential projects completed by May 12,
2006. Even though PV readings and NAC analysis were not possible for all
cases, we compute an extrapolated value where data are lacking. The final result
is an estimate of overall program impact.

As discussed previously, the PV Read Production is probably a good measure of
actual solar production. The NAC reduction is statistically significant but could be
affected by data uncertainties. The Net NAC reduction follows methodological
rigor although the adjustment for the comparison group is not statistically
significant.

Table 8. Extrapolated Impact Results

Number Mean Production Program Production
Program |, 's2mple| PV Read NAC NetNAC | PV Read NAC Net NAC
Group Production | Reduction | Reduction | Production | Reduction | Reduction
PVReading | g3 3,176 2,325 2,070 263,634 | 193,004 | 171,840
Group
Analysis 118 3,301 2,409 2,154 380,472 | 284233 | 254,145
Group
Full
Reé'r‘:)irg'a' 245 3,405 2485 2,230 834,145 | 608,752 | 546,281
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Conclusions
We propose the following major conclusions:

PV readings taken by the participants appear to be the best measure of
actual solar production. Energy production averaged 3,176 kWh or 99% of
expected.

PV readings agree reasonably well with expected energy production. This
suggests that the installations are generally performing as contractors
promised.

Net kWh production to the grid as estimated from billing data does not appear
to differ by climate zone. This is somewhat surprising but a small difference
may be masked by variability in the observations.

Analysis of consumption records (utility bills) suggests slightly reduced net
kWh production to grid. The regression estimate of energy reduction
averages 2,409 kWh or 73% of expected energy production. While the
difference is statistically significant, it is not clear if it represents consumer
“takeback” or inconsistent data reflecting partial occupancy prior to the solar
installation.

A comparison group showed small energy reduction trend that was not
statistically significant. However, if the regression estimate is derated for this
trend, the net energy production would average 2,154 kWh or 65% of
expected.





