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Executive Summary

Frontier Associate'e val uati on of the Ontario Power Aut hetiedi tyébds 2
upon extensive data collection and analysis, careful literature review, and numerous engineering
calculations to verify t hegsystem and ensuteyhatehe prapér equipmrestgr a moé s |
was being installed by participating contractors, to refine the estimates of measure impacts, to pr ovide a

characterization of the market for high -efficiency HVAC installations in Ontario in light of recent economic

conditions and simultaneous energy efficiency campaigns, and to estimate the effects of the program on

consumer purchasing decisions. The executive summary of this Final Evaluation Report highlights the

most important findings of the evaluation and offers recommendations for program oversight and

continued and future evaluation, as well as lessons learned in data collection and evaluation for this

program.

Major Findings

Suggested Revisions to Prescriptive Input Assumptions(PIAS)

e Best method for savings calculation at this time is to continue using simple engineering
calculation with 500 equivalent full load cooling hours.

e AENERGY STAR Cent M&IEERI r1 400 adidt IREMNERGY STAIR Centr al
SEER 14, Higher Te Aprriessshouldbere®a&veédt i ngo P

e Annual Electricity Savings for ifSEENEERRRAVY . $TOA R nGe mitErNeEll
STAR Central Air Conditionefi SEER 14 . 5, Hi gher Tempershouldbee Setting
calculated using the average SEER of sysems for which participants received $250 rebates,

14.65, which yields savings estimates of 112.6 kWh/year and 316.7 kWh/year.

e Annual Electricity Savings for ifSEENEERRRAY 0S TaARl GieEMtErRaG"
STAR Central Air Conditioneri SEER15Hi gher Temper atur e sthddbei ngo Pl A e
calculated using the average SEER of systems for which participants received $400 rebates,

15.79, which yields savings estimates of 176.7 kWh/year and 366.1 kWh/year.

e PIA entries for a gas furnace with electrically commutated motor (ECM with a change in
behavior from non-continuous to continuous fan operation should be included in the measures
and assumptions lists again. An entry each for existing homes with and without CAC and new
homes with and without central air conditioning (CAQ should be created.

e A net 6% of participants were found to have changed furnace fan operation from non -
continuous to continuous.

e PIA entries for electric furnaces with ECMscan be removed. Electric furnaces with ECMs are ro
longer eligible for rebates.

e PIA entry for Programmable Thermostat with Gas Furnace should be revised to reflect observed
participant setback and setup behaviors and to more accurately reflect the interaction between
thermostat and furnace fan and thermo stat and air conditioner.
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e The average winter setback was found to be 3°C, as was the average summer setup.

e 54% of relevant participants were found to use both daytime and night time setbacks in
winter, while the other 46% used only daytime setbacks.

e Based on participant and contractor surveys and tracking system data, t he EUL assumption for
ECM furnaces should be increased to 19 years.

e Based on participant survey results, the EUL assumption for programmable thermostats should
be increased to 15 years.

e While no conclusive variation across postal districts was found in the EULs for CACs and furnaces,
an interesting pattern arose in the average of estimates from all sources which suggested
increasing useful life with increasing cooling hours (or decreasing heating hours) for both CACs
and furnaces for postal districts K, L, M, and N. This trend is not highly statistically significant ,
however.

e Participant and contractor survey results suggest that the incremental cost for a SEER 14.5
ENERGY STAR CAC shouldbe increased to $754.

e Participant and contractor survey results suggest that the incremental cost for a SEER 15
ENERGY STAR CAC should be increased t®%9.

e Evidence of variations in the incremental costs of ENERGY STAR CACs and ECM furnaces by
geographic area was insufficient to recommend separate values for different areas.

Market Characterization

e Contractors report that average CAC installations have climbed over the past four years at close
to 5% per year among participating contractors, with ENERGY STR CAC installations growing at
twice that rate .

e Contractors report that average furnace installations have grown very quickly over the past four
years, at a rate of 15% per year, among participating contractors. The growth rate for ECM
furnace installations is even higher, at 27% per year.

e Participating contractors expect small to moderate increases in demand for CAC, furnace, and
programmable thermostat installations for 2010 (before knowing about the cancellation of the
ecoEnergy program).

e Participants dearly rated the impact on monthly energy costs as the single most important factor
influencing their decision to purchase efficient equipment. However, the combined effects of all
incentive sources were slightly more important than the effect on monthly bills.

e Based on contractor and participant survey data, Frontier estimates that 67% of ENERGY STAR
CAC CSRP rebates and 70% of ECM furnace CSRP rebates were combined with rebates from the
ecoEnergy Retrofit Program (and thus very likely the Ontario Home Energy Savings Program).

e |n 2009, the CSRP affected consumer decisions to purchase and install ENERGY STAR CACs to
roughly the same extent that the ecoEnergy Retrofit and Ontario Home Energy Savings programs
did. For ECM furnace purchases, consumers were afected to a significantly greater extent by the
two governmental programs.

Frontier Associates LLC 9 2009 CSRP Evaluation Report



e Frontier would have projected a 5% increase in ENERGY STAR CAC rebates and an 8% increase
in ECM furnace rebates claimed through the CSRP in 2010 had the ecoEnergy program remained
in place. Given the cancellation of the program, Frontier projects 2010 participation to be 32,181
for CACs, 58,617 for furnaces, and 40,737 for programmable thermostats.

e While contractor and participant information sources provide evidence that the CSRPis
encouraging the proper-sizing of HVAC systems and thereby producing benefits for consumers,
there is no justification at this time for adjusting savings values based on these findings.

o ltis likely that the CSRP is encouraging the full replacement (indo or and outdoor units) of CAC
systems and the installation of properly matched indoor and outdoor units over partial
replacements and inappropriately matched indoor and outdoor units, but the data collected from
contractors does not suggest that this is a | arge source of extra savings produced by the
program.

Net-to-Gross Ratios and Other Adjustments

e Ineligibility for ENERGY STAR CACs was found to be 5.0% due to the installation of units in
homes that did not previously have air conditioning or that previous ly had only window or room
air conditioning

e There was no evidence of ineligible furnaces rebated through the CSRP in 2009.

e Programmable thermostat ineligibility was as high as 60% in 2009 due to that fraction of
participants reporting having had programmab le thermostats prior to participation in the
program. A more lenient measure of eligibility produces an eligibility rate of 43.4%. However,
Frontier did not include any ineligibility in the net -to-gross ratio for thermostats, instead focusing
on the fraction of participants for which the program produced energy savings.

e Using two methods for analyzing responses to questions related to purchasing decisions, each
with variations, Frontier produced five estimates of free -ridership for each equipment type
rebated through the CSRP.

e ENERSYSTAR CAC freeridership estimates ranged from 21% to 64% with an average of
43%.

e ECM furnace freeridership estimates ranged from 29% to 79% with an average of 62%.

e Programmable thermostat free-ridership estimates ranged from 32% to 79% with an average
of 61%.

e Estimates of free-ridership produced using a method similar to the one used for the 2007
evaluation allowed for a comparison of free-ridership ratios.

e Freeridership appears to have decreased slightly for ENERGY STAR GJs.
e Free-ridership appears to have increased significantly for ECM furnaces.
e Free-ridership appears to have increased slightly for programmable thermostats.

e While contractors reported increased influence of CSRP rebates due to the economic downturn,
there is no clear evidence that this is the case. Increased participation despite decreased CSRP
rebate values would suggest otherwise. The effects of ecoEnergy Retrofit Program overshadow
any effects of the economic downturn.
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e Frontier estimated free-ridership in the absence of the ecoEnergy Retrofit program to be nearly
unchanged for ENERGY STAR CACs and only 9% lower for ECM furnaces. The changes were less
than expected due to the fact that while some would -be free-riders would no longer be free-
riders, some participants that were not free -riders would no longer have enough incentive to
purchase high-efficiency equipment.

e Non-participant surveys indicate that some non-participants were persuaded to purchase high-
efficiency equipment by a contractor discount o ffered for not participating in the CSRP. Frontier
considered the savings of such consumers to be non-participant spillover and estimated the
effects to be equivalent to an extra 4% of CAC participation and 1.4% of ECM furnace

participation.

e Based on participant surveys, Frontier also estimated that participants implementing additional
energy efficiency measures due to their involvement in the CSRP achieved additional annual
electricity savings of 1,099,797 kwh.

e Frontier estimated the final net -to-gross values to be as displayed in Table 1.

Tablel. Netto-Gross Ratios

Equipment Type 2009 NTG Ratio NTSOZ?I(;;Z//O
Central Air Conditioner 57.7% 58.7%
Furnace 39.7% 48.4%
Programmable Thermostat 39.2% 39.2%

e The impacts for programmable thermostats were reduced to reflect only the savings for those
participants who would actually realize savings from before the program to after the program.

e Thus, there was a reduction of 31.4% for the fraction of pa rticipants that previously had a
programmable thermostat that they kept programmed.

e Winter savings were reduced to reflect that only 63% of the remaining thermostat rebate
recipients had their thermostat programmed for the winter.

e Summer savings were reduced to reflect that only (net) 17% of the remaining rebate
recipients reported planning to setup their thermostats during the summer. (A significant
fraction reported planning to setback their thermostats in the summer (lower
temperature during the day). This is a large source of uncertainty for programmable
thermostat impact estimates.)

e The impacts for the 27,099 programmable thermostats rebated together with an ENERGY STAR
CAC were reduced to reflect the fact that the average rebated CAC had a SEER raing of 15.5
(multiplied by a factor of 12/15.5 because the PIA savings were determined for a 12 SEER

system).

e The impacts for ECM furnaces that were rebated together with a CAC under the same AHRI
reference number were reduced by the summer furnace fan savings to reflect the fact that those
savings are accounted for in the CAC savings.

Frontier Associates LLC
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Program Impact Estimates

Frontier® final estimates of annual savings per participant for the 2009 CSRPare displayed in Table 2 and
Table 3.

Table2. 2009 CSRP @s Annual Impacts Per Participant

Total for ECM Furnaces 78,594 727.7 0.1052 0.4258 -47.6
Total for ENERGY STAR CAC 40,930 185.1 0.0000 0.2024 0.0
Total for Programmable 53,512 25.6 0.0019 0.0213 65.2
Thermostats

Table3. 2009 CSRP Nannuallmpacts Per Participant

Total for ECM Furnaces 78,594 289.2 0.0418 0.1692 -18.9

Total for ENERGY STAR CAC 40,930 106.9 0.0000 0.1169 0.0

Total for Programmable

Thermostats 53,512 10.0 0.0007 0.0083 25.5

Total Participant Spillover 14,533 76.3 0.0117 0.0277 35.0
Frontierds final estimates of the gr os sTaldeldlabte®&t | mpact

Table 6, and Table 7.
Table4. 2009 CSRP Gross Anntmapacts

Total for ECM Furnaces 78,594 727.7 57,190,545 8,269 33,464 | -3,743,138
Total for ENERGY STAR

CAC 40,930 185.1 7,578,035 0 8,285 0
Total for Programmable

Thermostats 53,512 . 1,367,719 1,137 3,487,796
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Table5. 2009 CSRP NAnnuallmpacts

Table6. 2009 CSRP Gross Lifetime Impacts

Total for ECM Furnaces 78,594 289.2 22,726,800 3,286 13,298 | -1,487,476
Total for ENERGY STAR

CAC 40,930 106.9 4,375,729 0 4,784 0
Total for Programmable

Thermostats 53,512 10.0 536,078 40 446 1,367,043
Total Participant Spillover 14,533 76.3 1,108,441 170 403 508,982

Total for ECM Furnaces 78,594 1,086,620,364 157,115 635,817 -71,119,622
Total for ENERGY STAR
CAC 40,930 136,404,624 0 149,136 0

Total for Programmable
Thermostats

53,512

20,515,778

Table7. 2009 CSRP Net Lifetime Impacts

17,058

52,316,939

Total for ECM Furnaces 78,594 431,809,198 62,435 252,666 -28,262,039
Total for ENERGY STAR

CAC 40,930 78,763,114 0 86,115 0
Total for Programmable

Thermostats 53,512 8,041,169 595 6,686 20,505,650
Total Participant

Spillover 14,533 8,893,106 1,339 3,305 5,089,817

Frontier® final estimates of annual savings per participant for the 2010 CSRPare displayed in Table 8 and

Table 9.
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Table8. Progpcted 2010 CSRBrossAnnual ImpactsPer Participant

Total for ECM Furnaces 58,617 727.7 0.1052 0.4258 -47.6
Total for ENERGY STAR CAC 32,181 185.1 0.0000 0.2024 0.0
Total for Programmable

Thermostats 40,737 25.6 0.0019 0.0213 65.2

Table9. Projected 2010 CSRP Net Annual Impacts Per Participant

Total for ECM Furnaces 58,617 320.8 0.0464 0.1877 -21.0
Total for ENERGY STAR CAC 32,181 107.8 0.0000 0.1178 0.0
Total for Programmable

Thermostats 40,737 10.0 0.0007 0.0083 25.5
Total Participant Spillover 11,048 76.3 0.0117 0.0277 35.0

Frontierds projections of t he sBowlifTaleSIR Fablg tlpTalde1la nd net
and Table 13.

Tablel10. Projected 2010 CSRP GréssuallImpacts

Total for ECM Furnaces 58,617 727.7 42,653,792 6,167 24958 | -2,791,703
Total for ENERGY STAR

CAC 32,181 185.1 5,958,178 0 6,514 0
Total for Programmable

Thermostats 1,041,205 77 2,655,160
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Total for ECM
Furnaces

58,617

Tablell. Projected2010 CSRP Néinnuallmpacts

320.8

18,803,875

2,719

11,003

-1,230,719

Total for ENERGY
STAR CAC

32,181

107.8

3,468,773

3,793

0

Total for
Programmable
Thermostats

40,737

10.0

30

339

1,040,691

Total Participant
Spillover

11,048

Tablel2. Projected 2010 CSRP Gross Lifetime Impacts

307

Total for ECM Furnaces 58,617 810,422,043 117,179 474,204 -53,042,361
Total for ENERGY STAR
CAC 32,181 107,247,198 0 117,257 0

Total for Programmable
Thermostats

40,737

15,618,081

Tablel3. Projected 2010 CSRP Net Lifetime Impacts

12,986

39,827,404

Telephone and In-home Auditing

Total for ECM Furnaces 58,617 357,273,629 51,658 209,052 -23,383,664
Total for ENERGY STAR

CAC 32,181 62,437,914 0 68,266 0
Total for Programmable

Thermostats 40,737 6,121,514 453 5,090 15,610,371
Total Participant

Spillover 11,048 6,760,181 1,018 2,513 3,869,074

e Over 1,050 telephone audits were completed between November 2009 and April 2010.
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e The verbal confirmation results suggest extremely high integrity of the tracking system,
finding only 2 genuine inconsistencies out of 1,087 verifications.

e Telephone audits proved to be a difficult method of verifying installation of proper equipment
with a high degree of certainty.

e Respondents that ventured guesses were generally good at identifying equipment brand
name or manufacturer names (85% or more), but over 20% reported that they did not
know.

e Verbal identification of efficiency rating proved to be an unreliable verification method.
e 350 in-home inspections were completed between December 2009 and Apil 2010.

e CACcondensing unit and furnace model numbers were collected with only one exception for
each.

e CAC model numbers matched those recorded inthe tracking system 95% of the time.
e Furnace model numbers matched those recorded in the tracking system 97% of the time.
e Direct verification of CAC indoor units proved to be very difficult.

e Data collected during inspections suggests that even allowing inspectors to open indoor
unit access covers would not produce evaporative coil model numbers for more than
50% of units.

e Inspections produced fairly good results on checking that evaporative coil connections
appeared new, although there was slight difficulty in getting inspectors to report on all
systems.

e 92% appeared new.
e 3% did not appear new.
e 6% were not evalu ated.

e Inspections raised the issue of a small fraction of rebates paid out on rental CACs and
furnaces.

Recommendations and Lessons Learned

Program Elements

e Consider eliminating or re-evaluating programmable thermostat offerings due to growing
concerns over the true savings realized from simple programmable thermostats.

Tracking System

e Improve tracking system clarity regarding air -source and ground-source heat pump rebates. At
least include indicator of this type of equipment.

e The tracking system database proved to be a valuable source of data specific to the program.
Model numbers were used to identify capacities from which the average capacity could be
calculated. Serial numbers of replaced units were used to identify the age of the units.
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Recorded SEER values made determining the appropriate average efficiency levels very simple.
The more that can be tracked the better for determining assumptions that are specific to the
CSRP and even the specific program year being evaluated. The OPA might consideradding to
the tracked data, for example by having participants submit invoice data online.

PIAs and Impacts

e Consider establishing PIA savings estimates that include inputs and assumptiors that may be set
at the time that program impacts are estimated based on the most recent and relevant
information and do not need to be specifically recorded in the Measures and Assumptions lists.
For instance, the specific average SEER rating for a program year can be used in the formula
described in the MeasuresandAs umpti ons | i st to calculate the prog
the need to update the values in the list itself.

e Consider further investigation of air conditioner electricity consumption and savings estimates. A
wide range of CAC consumption and savingsestimates are justifiable given available data
sources. Navigantés 2008 billing analysis seems to
consumption (650-750 kWh/year for ENERGY STAR and lower efficiency systems), while the
results of studies by the Canadian Center for Housing Technologies suggest much higher
estimates (1300 kWh/year and higher). Simple engineering calculations based on equivalent full
load hours (EFLH) and SEER rating produce estimates that fall between these two when
assuming 500 BFLH howe v er | hi gher EFLH values have been cit ¢
spreadsheet model that relies on weather data. Continuous furnace fan usage during the
summer is a factor that is only explicitly accounted for in the CCHT studies but is in some ways
implicitly accounted for in other estimates, and true CAC usage characteristics are not directly
accounted for in any methods but should be reflected in the billing analysis. Frontier developed
reasonable and conservative estimates based on allfactors, but a more detailed investigation
such as a metering study could provide a great improvement in the certainty of results.

e Consider revising coincidence factors for programmable thermostats as summer daytime setups
often create increased demand at the time of coincident peaks, rather than decreased demand.

e Consider reviewing end-use load profiles (or at least their application) for furnaces equipped with
ECM motors. While the current PIA s use different load profiles for different usage behavior s and
a separate load profile for systems used for heating only, it is not clear that these load profiles
are appropriate. For instance, the profile used for heating only (dOPA Res Furnace Fad includes
considerable usage during the summer season. Alsg the two profiles used for applications
involving both heating and cooling (d-urnace with ECMi GasFired (1)6and é-urnace with ECMi
GasFired (2)9 are similar profiles with similar summer coincidence factors. This means that
coincident peak savings for systems with fans operated continuously and coincident peak savings
for systems with fans operated non-continuously will be in approximately the same ratio as the
annual electricity savings for these two behaviors. The annual electricity savings for these two
behaviors differ by a factor of 7 or more. The coincident peak savings for these two are not
likely to differ to such an extent.

e Better define the proper treatment of air -source and ground-source heat pumps within the CSRP.
The programds tracking system appears to indicate ¢
(perhaps more since they are not clearly identified). It is unclear how the heating impacts of
these types of equipment should be handled in CSRPimpacts calculations.
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e Consider establishing programmable thermostat savings estimates for air-source and ground-
source heat pumps.

Surveys

e Program participants in general were very willing to participate in surveys a bout their newly
installed equipment with no incentive . Market Probe did not find it difficult to complete quotas.

e Participants were unreliable when asked to produce details of their rebated equipment. Giving
them details and asking for confirmation may be a more successful approach.

e Participants seem to have a difficult time recalling specifics of the rebates that they have
received. Asking if they have received specific rebates listed by name is probably necessary for
accurate results.

e Contractor response to mail surveys was fairly good (18%) when they were offered a $20 gift
card for completing the survey.

Auditing
e Using the information gathered through this initial attempt at detailed telephone and in -home
auditing, the OPA should better define the goals of the auditing, identifying it as a simple data
gathering effort, a tool for determining program impact input estimates, or as a formal inspection
process with protocols for the determination and enforcement of inspection failures.

e Obtaining furnace model numbers often required the removal of an access panel. Thus, for the
collection of this data, in-home inspections by knowledgeable professiorals are required.

e Specific verification of indoor units of CACs is very difficult and likely unfeasible. The only
successful approach taken was asking inspectors to indicate if the evaporative coil and its
connections appeared new. The overwhelming majority was able to make this judgment;
however, this does not provide conclusive evidence of the installation of a new unit. If future in -
home inspections are performed, this approach is worth including. However, in the case that
other methods of verification are pursued, the loss of this data may not be substantial. In fact, it
may be possible to ask participants to judge whether or not the connections appear new.

e Model numbers from the outdoor units of CACs were readily obtained in general. It is worth
considering a verification procedure based on asking customers to identify and record these
model numbers; however, this will not allow for the collection of furnace model numbers.

e Good data on the settings of programmable thermostats were collected through in -home
inspections, however, the time of year of the inspection dictates the type and quality of data
collected.

e Consider further investigation into the issue of participants receiving rebates for rental
equipment.

e Participants were very likely to agree to allow for inspection of their equipment when offered the
chance to win a $500 prize for participating. Th e acceptance rate was better than 50%. Future
attempts to obtain inspection participants may be successful with the offer of a smaller or no
prize.
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Introduction

This study evaluates the impacts and effeclBdvinggness of
Rebate Program (CSRP).

Program Description

The CSRP, managed by the Heating, Refrigeration and Air Conditioning Institute of Canada fi HR A is a
province-wide electricity / energy efficiency initiative that targets the nearly three million re sidential
electricity consumers and businesses with residentiattype heating and cooling systems in Ontario with
existing central space heating and / or space cooling systems. The CSRP is an electricity conservation
and efficiency initiative used to drive penetration of highly efficient HVAC equipment in the residential
marketplace. In order to achieve this goal, the CSRP featured incentive offerings to motivate consumer
purchases of ENERGY STARualified central air conditioning (CAQ systems, furnaces featuring
electronically commutated motors (ECM furnaces), and programmable thermostats. Specifically, the 2009
CSRP offered the following incentives:

e Anincentive of $25 to encourage homeowners to purchase, install and appropriately set (through
a program-registered contractor) a programmable thermostat for use with their central air
conditioning and central heating systems.

e A $125 incentive to encourage homeowners to purchase a furnace or an air handler equipped
with an electronically commutated motor.

e A $250 incentive to encourage homeowners to purchase an ENERGY STAR qualified (14.5 SEER,
12.0 EER (or above) CAC system in cases where the existing system needs replacing.

e A $400 incentive to encourage homeowners to purchase a CEETier Il (15.0 SEER, 12.5EER)
ENERGY STAR® qualified CAC system in cases where the existing system needs replacing.

Evaluation Objectives

The evaluation of the 2009 CSRPrepresents a quantitative and qualitative assessment of the CSRPto be
achieved through the following objective s:

1. Update incremental costs, measure life assumptions, and energy and demand savings
prescriptive input assumptions (PI1As) for central air conditioners to reflect changes in the
ENERGY STAR Key Product Criteria.

2. Characterize the current state of the HVAC Market by gathering data regarding consumer
behavior in light of present economic conditions in order to forecast 2010 program participation.

3. Determine net-to-gross ratio and other adjustment factors by accounting for the effects of gas
utility/federal gove rnment incentives and changes in free-ridership due to changing economic
conditions.

4. Produce gross and net energy and peak demand savings calculations and forecasts for the 2010
program year.
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5. Conduct audits and inspections to verify the integrity oftheprogr amés tr acki ng
ensure that program eligibility requirements are being adhered to.

Data Collection
Pursuant to these objectives, the following data collection methods were employed:

Participant Surveys

Market Probe conducted telephone surveys with samples of participants to obtain data both directly and
indirectly regarding decision making and consumer behavior centered around HVAC equipment
replacement. Two versions of the survey were used in order to collect more data on more basic
participant characteristics that affected saving calculations. Short surveys included questions related to
the verification of installation and eligibility, the identification of participant behaviors pertinent to energy
consumption and savings, and a few questions related to free-ridership. Long surveys included additional
guestions pertaining to participant decision making and free -ridership. The survey script can be found in
the appendices.

A total of 579 long surveys were conducted, yet only 542 were analyzed due to difficulties in
incorporating the results of the 37 surveys conducted prior to significant revisions in the long survey.
There were 508 short surveys completed and used for analysis. Table 14 displays data related to the
effort required to complete these surveys.

Tablel4. Participant Telephone Survey Response Rate Data

Total Long Surveys | Short Surveys
Telephone Numbers Dialed 9,859 5,195 4,684
Participants Contacted 2,794 1,634 1,160
Completed Surveys 1,087 579 508

The timeline of telephone survey completion is shown in Table 15.

Tablel5. Participant Telephone Surveys by Month

Month Long Surveys Completed Short Surveys Completed
November 152 0
December 167 0

January 79 0

February 181 112
March 0 176
April 0 220

HVAC Contractor Surveys

Surveys were sent to participating contractors to obtain data regarding current and future market
conditions and consumer behavior regarding CAC systens, furnaces with ECMs, and programmable
thermostats.
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Surveys were sent out to 1,118 contractors across Ontario with a $20 gift card to Home Depot promised
to those who returned the survey. 201 contractors completed and returned the surveys, which were
used for analysis. A copy of the survey can be found in the appendices.

HVAC Contractor Interviews

Interviews were conducted with a sample of participating contractors to obtain data regarding current
and future market conditions and consumer behavior reg arding CAC systems, furnaces with electronically
controlled motors, and programmable thermostats. The nature of these interviews was far more
subjective and open-ended than the contractor surveys in hopes of allowing the contractors more

freedom to provid e feedback.

In total, 16 interviews were conducted. Each conversation lasted approximately 15 -20 minutes. The
interview script can be found in the appendices.

Telephone Audits

The telephone surveys conducted by Market Probe included questions that corstituted an audit. The
audit questions were designed to obtain verbal confirmation from participants that the equipment for
which a rebate was claimed has been installed and the information necessary to verify rebate eligibility.
1,087 simple verbal confirmations were obtained and reviewed, while 1,050 responses to other
verification questions were used.

In-Home Inspections

Greensaver, serving as a subcontractor, coordinated 350 in-home inspections performed by members of
the Ontario Association of Home Inspectors. The inspectors collected data used to rigorously check the
integrity of the pr andtoidantdysneligiblea incompletg, ordoy gualéym
installations. A copy of the inspection form can be found in the appendices.

Leads for inspections were obtained by asking telephone survey participants if they would allow for an
inspector to visit their home and view their rebated equipment. Participants were made aware that if
they allowed for an inspection they would be entered into a d rawing for a $500 cash prize. Despite the
fact that some participants had already given up 20 -25 minutes or more of their time to complete the
survey, the participation rate in the inspections was over 50%. In fact, it seems to have been highest for
respondents of the long surveys although the timing of the long surveys as compared to others may have
accounted for the difference in participation rates.

The 350 inspections were conducted in December of 2009 through April of 2010, distributed as shown in
Table 16.

Table16. Inhome Inspections by Month

Month Number of Inspections
December 40
January 109
February 23
March 125
April 53
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Non-participant Surveys

The OPA contracted HarrisDecima to perform an extensive survey of consumers installing CACs and
furnaces in replacement situations who did not receive rebates through the CSRP for these installations.
Frontier was allowed to include some questions in these surveys related to customer decision making so
that the results could be used in a statistical model for estimating free -ridership. Unfortunately, some of
the presumably most important questions were asked in a manner different from the manner in which
they were asked in the participant survey, to the extent that the results of those questions could not be
included in the modeling. Other data from the non -participant survey were included in the modeling, but
the model failed to sufficiently explain consumer implementation of high-efficiency equipment. Some
non-participant data was used in the estimation of non -participant spillover.

Representatiorand StatisticalConfidenceof Results

Representation

In order to ensure representative d at a f or t he 0 &ticipants feoin this reglon wetrer i ¢ t p
oversampled. In order to have representative results for the entire program, weights were assigned to

each response based on geographic area. Because some disagreement with program participation

distribution was found in survey responses for other postal districts (for instance, the number of

responses from the 6M6 post al di strict was smaller t ha
all postal districts.

Due to an initial effort to sample participants that had recently installed rebated equipment and the
inability to know the full -year distribution of participants by installation date until late in the survey
process, the distribution of survey respondents by installation date did not match the distribution of
participants by installation date for the responses to the long or short samples. As it was expected that
the time of year that the installation was performed may be correlated to certain aspects of decision
making, Frontier decided to weight the respo nses by the season of installation, as well. The year was
split into three seasons based on the trends in participation: January-May, June-September, and October-
December.

Frontier produced weights for each respondent that ensured that the weighted distr ibution of

respondents matchedtheent i re programés distribution fosusinghst all at.
an iterative process. Separate sets of weights were calculated for use with long survey responses and

with short survey responses.

In fact, it turned out that most results were not affected much by the weighting, implying that the postal

region and the season of installation were not significantly correlated with the responses to most

guestions. There were select questions, however, for which weighting did have a significant effect. For

example, the fraction of those participants receiving a rebate for an ECM furnace but not a CAC who had

no air conditioning was 17% for the unweighted results but only 10% for the weighted results. This is

l' i kely due to |l ow air conditioning saturation in the o
important for some questions and, as discussed below, it did not greatly affect the uncertainty in results,

the weights were used for analyzing the r esponses to all questions from the participant surveys (except

where explicitly mentioned or where simple counts of responses are given).
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Detailed response statistics for the participant telephone survey can be found in the section Telephone
Audit Verification. While the weighting did slightly shift the rebate distribution and combination of
rebates distribution for respondents, they still closely matched the distributions for all program
participants.

Front i er
with ECMsinstalled in 2009 to the number of projects from the program tracking system for which
rebates were awarded in 2009, to ensure that the survey responses are representative of the population

at large.

compared
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Figurel. Histogram of Energy Star Units Installed by Surveyed Contractors
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It should be noted that the two groups are not necessarily analogous, for two reasons:

1. The data used represents the number of program eligible installations, which does not mean that
customers actually completed the CSRP rebate process and received an OPAebate;

2. Counting was
customer, regardless of whether they installed a central air conditioner, a furnace, or both, while

each piece of installed equipment (CAC, furnace with EQV) was counted separately from the

contractor survey.

|t i s

The survey has good representation across contractor size, except in the zero to ten installation range,
which is underrepresented in the sample as compared to the population at large. While there are more

Frontieros

done differently:

opinion that these

an

fi i

nst al

ati

di fferences

contractors in this size range than any other performing installations that were rebated (393), the
installations performed by this group are dwarfed by those performed in othe r groups.

Based on this comparison, and the large sample size of the survey respondents, Frontier believes the

survey results should provide an excellent indication of trends in the HVAC market in Ontario.

No weights were used to adjust for the geographi ¢ distribution of contractors due to the time that it took
to transform the geographic information collected from contractors (major urban cent ers served) into an
analyzable format. The data in Table 17 show that the postal distri cts served by the contractors

responding to the survey roughly match those served by all participating contractors but that there may

have been enough disagreement to have justified weighting.

Tablel7. Geograpic Distribution of @ntractor Survey Responses

Postal Contractor Activity from Contractor Activity from
District Contractor Surveys Tracking System

K 9.2% 13.2%

L 27.7% 40.1%

M 27.3% 20.7%

N 31.9% 23.2%

P 3.8% 2.9%

Given that the primary results coming from the audits and inspections are verifications of individual
responses, almost all results are presented without weights. One exception is the determination of

average programmable thermostat usage, which was calculated using the weights determined for the

telephone survey results. (All inspection participants were telephone survey respondents.)

Details about the coverage of program participants through the telephone audits and in -home inspections
can be found in the sections devoted to these two efforts.

Statistical Confidence

For the results for most questions with categorical responses that were common to both long and short

surveys, the number of participant telephone surveys completed was sufficient for a confidence level of
95% less than 5% margin of error. (The confidence level and margin of error for a question with
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guantitative responses depend on the standard deviation of the specific response set.) For questions
specific to the long surveys, the responses to questions about ECM furnacesalso have 95% confidence
with less than 5% margin of error, those to questions about CACs and programmable thermostatshave
95% confidence with less than 6% margin of error.

Weighting decreases precision in results of a survey, especially in the case that the results are not related
to the weighting characteristics (as was the case for many questions in this survey). One measure of the
decrease in precision is the design factor, which compares the standard error of the estimate of the
weighted outcome to the standard error of the non -weighted outcome. The design factor is
approximately 1.13 for the long surveys and 1.08 for the long and short combined. This means that it is
very likely that all results have a margin of error less than 10% at the 95% confidence level, and that the
results to questions common to the long and short surveys have a margin of error less than 5% at the
95% confidence level.

Of course, questions that were only asked to a subset of respondents or for which only a subset of
respondents provided answers may have less certainty. For example, the results for the question asking
respondents who only received a rebate for a programmable thermostat about their air conditioning may
have a 15% margin of error at 85% confidence, having only been asked to 38 respondents. This is also
the case for any analysis performed on subsets of respondents. When averages for subsets of
respondents were being compared, the standard errors for each specific group were taken into account.

Finally, there were some aspects of the analysis that took the responses to multiple questions into
account and combined them in complex ways, for instance, the determination of free -ridership. For
these results, it is very difficult to quantify the uncertainty and Frontier did not attempt to do so. First,
the relationship between the input variables is so complex that the combined uncertainty can only be
determined via Monte Carlo simulations. Perhaps more importantly, the assumptions that go into the
determination are the source of the greatest uncertainty, as displayed by the range of free -rider fractions
determined under different assumptions. In most cases, rather than attempt to quantify the uncertainty

in these results, Frontier either made a conservative assumption or made multiple assumptions and
averaged the results together.

With 201 total responses, the results of those questions answered by all respondents have a margin of
error less than 7% at a 95% confidence level. However, many questions were skipped or inaccurately
answered, yet the majority of results should have a confidence rating of 90% plus/minus 10%.

With only 16 completed interviews, the resu Its of the contractor telephone interviews are not statistical ly
significant to any reasonable degree; however, they do provide qualitative results that offer insights into
contractor impressions of the program and the market.

The certainty of the telephone audits is at least as good as that of the participant telephone surveys since
each survey included the questions making up the audit. In fact, given that the true response
distribution for the verbal confirmation of rebated equipment (the true fraction of tracking system
matches) is very likely above 90%, the estimated failure rate probably has a 97% confidence level with a
3% margin of error.
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However, if you view each HVAC company as having its own telephone audit failure rate and an estimate
for each is desired, then the telephone audit results are insufficient. Customers of only 372 of the over
1,100 participating contractors were audited. For no companies were enough customers questioned to
be sure to determine the failure rate with 90% confidence and a 10% margin of error (assuming nothing
about the true failure rate). In addition, even if one assumes a true failure rate of 10%, then for only
two HVAC companies having performed installations for more than 100 CSRP participants wee
sufficiently many customers audited to provide a confidence rating of 90% plus/minus 10%. This is an
unreasonable way to approach an audit of this many contractors, however. The approach taken is very
likely to have determined the overall integrity of the tracking system to a high degree.

The in-home inspections provided results with more confidence in each verification than did the
participant telephone audits since model and serial numbers were checked by knowledgeable individuals
However, because fewer in-home inspections were completed, the level of statistical confidence is lower
in total and for each equipment type. The level of statistical confidence for inspections is still acceptable.
The verification results have less than 10% margin of error at 90% confidence, and given that the results
point to very low verification failure rates, the level of confidence and precision are likely even better than
that.
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Prescriptive Input Assumption Review

Annual Bectricity Savings

ENERGY STAR®entral Air Conditioner Annual Electricity Savings

Frontier reviewed the current calculations used by OPA. The OPAG6s Prescriptive I nput
ENERGY STAR®&entral air conditioners applies a straight-forward approach using effective full load

hours and efficiency ratings to calculate annual usage and energy savings. Frontier reproduced these

calculations for the new ENERGY STARninimum requirement of 14.5 SEER (and 12 EER, although that

does not factor into the calculations).

For comparison purposes, Frontier also produced savings values using a Frontierdeveloped air
conditioning calculator that uses performance curves of numerous air conditioning units (performance
data was collected from the four largest air conditioner man ufacturers: Carrier, Goodman/Amana,
Lennox, and American Standard/Trane) combined with weather data for the Toronto region to derive
typical consumption and savings values.

Frontier found that the current effective full load hours being used in the OPA ¢ alculation, 500 hours, is
reasonably accurate based on analysis of weather data
calculation method may not be capturing all the potential savings that high efficiency air conditioners can

generate. The simplified approach does not take into consideration system oversizing and cyclic

degradation that can affect the performance of a system.

Current Methodology

The current OPA calculation determines the annual consumption using the equation below. The equation
shows the relationship between SEER, EFLH, and total annual electric energy consumption in kilowatt
hours, kWhyp, , for an air conditioner:

kWh,,.,, = EFLH x Capacity
SEER

where Capacity is the capacity of the air conditioner in kBtu per hour.

The current EFHL applied for cooling given in the OPA calculation is 500 hours. The source given is the

AENERGY STAR Si mpl eiT&ato Weather- b&sad oo ARI @nitapyrDirectory, August 1,

1992i January 31, 199 Zurréntversianwfehe ENERGYtSHAR Simple Savings Calculator

found on ENERGY STAR Canada6s website shows the EFLH f

Another source, Natural Resources Canada, hasalso determined the EFLH to be close to 800 hours, in
line with the curre nt version of the ENERGY STAR Simple Calculator.

In order to determine which EFLH value was more accurate, Frontier did an analysis of annual hourly
weather data for the regions serviced by OPA. Frontier first examined the typical number of cooling
degree days (CDD) for various areas in and around Toronto. A cooling degree day can be calculated as
how much warmer the mean temperature at a location is than 18.3°C on a given day. For example if the
mean temperature for a given day is 29.4°C, there are 11.1 CDD just for that day. The annual cooling
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degree days for eight weather regions (two locations were selected in each of the four most relevant
postal districts) that OPA services were determined for 4 different years: 2001, 2004, 2007, and 2009.
The annual cooling degrees for the four years analyzed were averaged to produce one CDD value per
region. The CDDs can be used to calculate EFLHs using the following equation:

EFLH = Cooling Degree Days x 24
Cooling Design Temperaturei 18.3°C

Frontier derived an average EFLH of 510 for the Toronto area specifically using this approach. However,
from the analysis, Frontier found the following average EFLH for the four relev ant postal districts serviced
by OPA:

Tablel8. Average Full Load Hours by Postal District

Zip Code K L M N
Region

Weather Ottawa & Hamilton & Toronto City & Toronto London &
Stations Kemptville Burlington Peason Windsor
Analyzed

Full Load Hours 371 451 510 615

Given variation in the EFLHs between postal districts, the OPA could produce energy savings based on
where units are installed to more accurately reflect savings amounts. However, the average EFLH
weighted by the number of 2009 central air conditioner rebates in each postal district is 496. Thus,
based on the values determined from using real weather data, Frontier would recommend that OPA
continue to use an EFLH value of 500, if one value for the province is preferred.

Using the OPA current calculation approach, the total consumption and savings potential for all tonnage
sizes and efficiency ratings are displayed in the tables below.

Tablel19. Consumption(kWh/year) for Toronto Region with 510 H.Hs

SEER Range
Size Tons 13 14 14.5 15 16 17 18
1 ton 706 656 633 612 574 540 510
2 ton 942 874 844 816 765 720 680
2.5ton 1,477 | 1,093 | 1,055| 1,020 956 900 850
3 ton 1,412 | 1,311 | 1,266 | 1,224 | 1,148 | 1,080 | 1,020
3.5ton 1648 | 1530 | 1477 | 1428 | 1339| 1,260| 1,190
4 ton 1,883 | 1,749 | 1,688 | 1,632| 1530| 1,440 | 1,360
5 ton 2354 | 2,354 | 2,110| 2,040 | 1,913 | 1,800 | 1,700
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Table20. SavinggkWh/year) for Toronto Region with 510 EFLHs

SEER Range
Size Tons 14 14.5 15 16 17 18
1 ton 50 73 94 132 166 196
2 ton 67 97 126 177 222 262
2.5 ton 84 122 157 221 277 327
3 ton 101 146 188 265 332 392
3.5 ton 118 170 220 309 388 458
4 ton 135 195 251 353 443 523
5 ton 168 244 314 441 554 654
2.17 ton 73|  105| 136| 192| 240| 284

For comparison purposes, the tables below display the savings and consumption values if the ENERGY

STAR value of 784 EFLHs were applied for the Toronto region:
Table21. Consumption(kWh/year) for Toronto Region with 784 EFLHs

SEER Range
Size Tons 13 14 14.5 15 16 17 18
1 ton 1,086 | 1,008 973 941 882 830 784
2 ton 1,447 | 1344 | 1,298 | 1,254 | 1,176 | 1,107 1,045
2.5 ton 1,809 | 1680 | 1,622 | 1568 | 1,470| 1,384 | 1,307
3 ton 2171 | 2016 | 1946| 1,882 | 1,764 | 1,660 | 1,568
3.5ton 2533 | 2,352 | 2,271 | 2,195| 2,058 | 1,937 | 1,829
4 ton 2895 | 2688 | 2595| 2509 | 2,352 | 2,214 | 2,091
5 ton 3,618 | 3618 | 3,244 | 3,136 | 2,940 | 2,767 | 2,613

Table22. SavinggkWh/year) for Toronto Region with 784 EFLHs

SEER Range
Size Tons 14 14.5 15 16 17 18
1ton 78 112 145 204 255 302
2 ton 103 150 193 271 341 402
2.5ton 129 187 241 339 426 503
3 ton 155 225 289 407 511 603
3.5ton 181 262 338 475 596 704
4 ton 207 299 386 543 681 804
5 ton 258 374 | 482 678 851 1,005
2.17 ton 112|  162| 200| 204| 369| 436
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When the more recent ENERGY STAR EFLH value of 784 is applied, the calculation produces much higher
average air conditioning consumption r at &eyaluatioren t hose |
report of OPA6s Hot ad dNaiCg @ ifvaBation Repgriprovitiedditing amalysis

showing that an average participant only consumed about 730 kWh annually for cooling (average size

unit being just over 2 tons). If the 784 EFLH value were applied, the assumed baseline would be more

than twice what the billing analysis showed. Therefore, the ENERGY STAR EFLH value of 784 should not

be used for this calculation approach. It should be noted, however, that the billing analysis showed low

energy consumption for air conditioners even in comparison to the consumption calculated assuming 510

EFLH. Even so, there is strong evidence pointing to the fact that an EFLH of 784 is too high.

Frontier Methodology

As mentioned, Frontier conducted an additional analysis using a different calculation approach to
determine the consumption and savings potential. The following narrative describes the Frontier tool
used to calculate peak demand and annual cooling energy consumption for central air conditioners.

Review of Input Data

The Frontier tool uses actual manufacturer-provided performance curves for units in each of the following
SEER ranges:

A 13.07 13.9
A 1407 14.9
A 15.0i 15.9
A 16.0i 16.9
A 17.07 17.9

A 18 and above

Performance data for residential air conditioners from each of the four largest manufactur ers are
represented in the Frontier tool: Carrier, Goodman/Amana, Lennox, and American Standard/Trane The
tool has performance curves for each standard system size and SEER ranges.For some individual units
in certain higher SEER ranges,manufacturer performance data was interpolated from other sizes in that
same SEER range. This was necessary because the manufacturers do not produce units in all SEER
ranges and capacities. For example, some higherSEER units may not be available in 1.5, 2.5-, 3.5- or
5-ton sizes.

The Frontier tool uses the actual performance data in conjunction with hourly weather conditions for
Toronto; this avoids the need to weather-adjust SEER and EER values, and provids a potentially more
accurate estimate of annual cooling energy use. This approach also allows for incorporation of the cyclic
degradation factor into the seasonal energy use calculation.

Unit performance data is represented in the calculator tool in each of the seven standard sizes and six
SEER ranges, for a totalof forty -two product types. For each of the product types in the 13 and 14 SEER
ranges, data from at least three manufacturers is present. The units that are in the tool were selected
based on a suitable condenser/coil combination; the general criteria for the units represented in the
calculator tool are as follows:

1. SEER value at or near low end of the SEER range, e.g., 15.00
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2. All units had to have a minimum 11.5 EER; *
3. The specific condenser/coil combination that was tested by the manufacturer; and
4. Highest sales volume combination.

In some cases, a condenser/coil combination that does not meet the above criteria was chosento provide
a sufficient number of units with a particular SEER value to produce a robust analysis.

Performance data was not reported in a consistent manner by all manufacturers. For example, some
manufacturers dondét report performance data for
was extrapolated.

The data from each manufacturer was weighted based on market share info rmation provided by OPA
Weighted average performance curves were developed for each of the product types.

Determination of Peak Demand and Annual Cooling Energy Consumption

Using the unit performance data compiled as outlined above, the kW demand and Btuh capacity of the
units was calculated at each temperature point between 65 and 115 degrees ambient. An oversize factor
of 115% was assumed, as was a cyclic degradation factor of 0.25 (ASHRAE default value). The tool
accounts for both single-speed and two-speed units; typically two speed units occur in higher SEER
ranges. For peak demand, the average peak hour kW value corresponding to the design temperature for
Toronto was calculated. For the units in the 14.5 SEER category, data was interpolated from the values
for 14 SEER and 15 SEER units This separate category was developed for central air conditioners so
that ENERGY STARualified units can have accurately determined savings.

To determine annual cooling energy consumption, hourly weather data for Toronto was used. The tool
calculates the performance of the unit at the midpoint of each temperature bin (e.g. 77.5 degrees for the
75-80 degree bin). The tool uses manufacturer values for input kW and capacity, coupled with cooling
load, and number of hours in each of the temperature bins, to produce the seasonal performance of each
of the forty -two product types. Comparison with the performance of the baseline unit in each size range
provided estimates of peak demand reduction and annual cooling energy savings. The tables below
display the consumption and savings estimates produced by the Frontier calculator.

Table23. ConsumptionkWh/year) Using Frontier Model

SEER Range
Size Tons 13 14 14.5 15 16 17 18
1 ton 854 752 693 633 610 622 531
2 ton 1,157 1,019 980 941 834 829 708
2.5 ton 1,404 1,255 1,201 1,147 1,103 931 999
3ton 1,655 1,526 1,475 1,425 1,351 1,117 1,128
3.5ton 1,972 1,822 1,708 1,595 1,489 1,303 1,316
4 ton 2,250 2,013 1,826 1,639 1,722 1,639 1,504
5 ton 2,869 2,270 2,237 2,204 2,377 2,049 1,880

1 The Frontier calculator tool was developed in 28fdre the 2009 increase in efficiency requirements to 12.00 EER; at the time this review is being

completed, the tool has not been updated to reflect this change.

65

2The 14.514.99 SEER category was added to the table to reflect Energy Star quadifyiwg enianuary 1, 2009 air conditioning and heat pump

units must have a minimum SEER rating of 14.5, and EER of 12.0 (also a minimum 8.2 HSPF for heat pumps)
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Table24. SavinggkWh/year) Using Frontier Model

SEER Range
Size Tons 14 14.5 15 16 17 18
1 ton 91 129 167 191 261 283
2 ton 121 172 223 255 348 377
2.5 ton 152 215 278 319 435 471
3 ton 182 258 334 382 522 565
3.5 ton 212 301 390 446 609 659
4 ton 243 344 445 510 696 754
5 ton 303 430 556 637 870 942
2.17 ton | 131| 186| 241| 276| 377| 408

The Frontier calculations produce consumption estimates that are, on average, roughly 20% higher than
those from the current OPA calculation method. However, the savings estimates are much higher than
the current OPA calculations by 80% in some cases. Fr o nt i e rabows other doeling factors to be
considered, like oversizing, two speed units, and degradation factors, which could be the cause of the
higher savings estimates. However, in this case, it does not appear to be caused by the inclusion of an
oversizing factor in the Frontier model, as removing it would simply in crease consumption and savings

estimates. The di screpancy could be caused by the inclusion
Cyclic degradation is the loss in efficiency due to frequent cycling of the air conditioning unit and creates
thelargest ef fect during times of smal.l but positive cool in

patterns create longer periods of small cooling load than are assumed for purposes of computing SEER

ratings, so cyclic degradation is a more significant factor than is reflected in calculations using SEER

rating and effective full |l oad hour s. This does not n¢«
realistic estimates of savings, however, because it may be that consumers do not run their air

conditioners much in times of low cooling load, but opt for opening windows or other methods instead.

The low consumption estimates found in the billing analysis and some anecdotal evidence from

inspections suggest that indeed, actual air conditioner usage may be less than is assumed in models and

engineering calculations. These issues cannot be resolved without a more detailed investigation of

weather patterns, air conditioner operation, and consumer behavior.

Methodology Recommendations

While Frontier 6 s spreadsheet mod el energy sagirgs notcaptudedair thetsimger e ar e
savings calculation based on SEERthe simplicity of the simple savings calculation together with its better
agreement with the r esul t gheonlyddtbdanedrporatingtréalsconsumér! i ng anal y:
behaviors) make it the better choice for producing savings estimates. Therefore, Frontier recommends

that the OPA continueto use their current approach with the 500 EFLH value. 500 EFLH accurately

represents the average cooling load among CSRP participants. However, if savings by geographic area

are useful, it would be necessary to use separate values for different areas given the variation found

across postal districts.

Frontier Associates LLC 33 2009 CSRP Evaluation Report



Standards Changes

As of January 1, 2009, ENERGY STAR standards for air conditioning units were raised to 14.5 SEER and
12.00 EER, and any units below these standardswere no longer eligible to participate in the CSRP. Thus,

if no other OPA programs include 14 SEER central air conditionersas@a el i gi bl e BNEBGYur e,

STARCentral Air Conditioneri SEE R 1 4 ENERGYdTAR entral Air Conditioneri SEER 14, Higher
Temperature Settingd entries can be removed from
document.” Ifitis desired to leave these measures, the titles should be changed to remove the

FfENERGY STAR | abel

Savings Recommendations

Frontier agrees with the entries in the 2010 Prescriptive Measures and Assumptions document for 14.5
SEER units, which give Annual ElectricitySavings of 103.4 kWh/year without a higher temperature setting
and 309.7 kWh/yr with a higher temperature setting , if they are intended to reflect 14.5 SEER systems
only. However, the average SEER of systems for which participants received $250 ebates was actually
14.65, so Frontier believes that the PIAs should be 112.6 kWh/year without a higher temperature setting
and 316.7 kWh with a higher temperature setting to reflect the average savings for these participants.
As explained above, the estimate of EFLH is appropriate, and the assumed capacity is accurate. An
analysis of the Cool Savings Rebate Program tracking system database revealed that the average
capacity for central air conditioners rebated through the program remains very close to the 26,000 Btu/hr
assumed in the calculations (26,209 Btu/hr).

The entries in the 2010 Prescriptive Measures and Assumptions document for 15 SEER units are also
correct if they are intended to reflect 15 SEER systems only. The Annual Electricity Savings values given
are 133.3 kWh/yr without higher temperature setting and 332.7 kWh/yr with higher temperature setting.

If they are intended to reflect the CEE Tier 2 units rebated through the CSRP, a SEER value of 15.6 to
15.8 should be used in place of the value of 15 currently used in the document. 15.6 was used in the
calculation of the savings in the 2009 Mass Market Measures and Assumptions list’ and this is still the
average efficiency rating of CEE Tier 2 units involved in the CSRP, when excluding units with SEER ratings
above 22.9, which are likely to be geothermal units. When all Tier 2 units are included, the average
efficiency is 15.79 SEER. The Annual Electricity Savings values associated with these average SEER
ratings as compared to those associated with a 15 SEER rating are displayed inTable 25. Frontier
recommends using the overall average SEER rating of 15.79.

Table25. Tier Il Annual Electricity Savings Options

Annual El ectricity Savings Annual Electricity Savings
SEER w/o Higher Temp Setting w/ Higher Temp Setting
Rating (kWh/yr) (kWhlyr)
15 133.3 332.7
15.55 164.0 356.3
15.79 176.7 366.1

Finally, Frontier supports the changes found in the 2010 Prescriptive Measures and Assumpions
document entries for ENERGY STARentral Air Conditioners with Higher Temperature Setting, which now
provide savings values explicitly for that fraction of participants who set their thermostats higher by 2
degrees Celsius during the cooling season beause of the installation of their new system. It was unclear
how to apply the weighted average savings value found in the 2009 Mass Measures and Assumptions
document. However, the proper application of these savings is still not fully explained. Inits evaluation

Frontier Associates LLC 34 2009 CSRP Evaluation Report

t

t

he

he

2



of the 2007 CSRP, Navigant assumed that some nonparticipants installing new CACs at the federal
standard level would also set their thermostats higher. In fact, they assumed that a consumer would be
half as likely to set their thermostat high er if they installed a new CAC at the federal standard level than if
they installed a new ENERGY STAR CAC. Frontier agrees with this assumption. Thus, the savings for
ENERGY STAR CACs with higher temperature settings should only be applied to half of thee participants
that report using a higher temperature setting.

ECM Furnace Annual Electricity Savings

2010 Annual Electricity Savings PIAs for Furnaces with ECMs are derived from the CCHT study described
in Final Report on the Effects of ECM Furnace Motos on Electricity and Gas Use' The savings derived
are very similar to those given in the 2009 Mass Market Measures and Assumptions Listwhich were
based on the same study, but the 2009 savings values for continuous fan operation assumed that the fan
would not be operated continuously throughout the shoulder seasons, while the 2010 savings values are
directly based on the study results, which assumed continuous fan operation for the entire year (or the
whole year except cooling season in the case of homeswithout central air conditioning). Frontier found
no evidence to support one of these assumptions over the other. While it is reasonable to assume that
some consumers may turn their fan off during times in which no heating or cooling are required, itis also
very likely that some consumers may prefer continuous fan operation for improved air quality and even
heat distribution, which they would desire during the shoulder season as well. This is a behavior that
may be worth investigating in the future, bu t for the present evaluation Frontier elected to use the more
recent PIA assumption and used the direct results of the study for savings estimates for furnaces with
ECMs.

Frontier did elect, however, to use specific Annual Electricity Savings values for participants who switched
from non-continuous fan operation to continuous fan operation after the installation of their ECM furnace.
Such participants realize fewer saving than both those who maintained continuous operation through the
installation of their ECM furnace and those who maintained nortcontinuous operation. Thus, the only
proper way to account for the savings of such participants is to use specific Annual Electricity Savings
values. These values, 140 kWh with CAC and 192 kWh without CAC for exsting homes and 11 kWh with
CAC and 76 kWh without CAC for new homes, are also computed directly from the study results by
subtracting the ECM continuous operation consumption from the PSC norcontinuous operation
consumption.

Programmable Thermostat Annual Electricity Savings

First, Frontier must acknowledge that the U.S. Environmental Protection Administration (EPA) issued a
memo on May 4, 2009 informing manufacturers and other interested stakeholders of their intention to
sunset the Version 1.2 ENERGY SAR Programmable Thermostat specificatiorf’ and followed through with

the suspension of this specification effective December 31, 2009." The EPA i ndicated that #
questions had been raised regarding net energy savings and environmental benefitsbei ng achi evedo wi
the current standard, as observed in a series of field studies. The agency has stated their intent to

devel op an improved specification in consultation with

demonstrated ease-of-use features so as to minimize the potential for user interface issues to reduce

potential energy savings. o I'n Ilight of this, Frontier

estimates for programmable thermostats in program impact estimates with sizable reductions for savings
realization and free-ridership (as Frontier has done in this evaluation). Frontier also recommends that the
OPA eview the programmable thermostats currently being installed to identify those most likely to
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facilitate customer usage that is in line wi th the expected/desired savings and investigate options for new
programmabl e/ 0smarto thermostat products that offer si
the likelihood of effective use, such as providing access to thermostat controls via the Internet, or other
usability features that enhance consumersdéd understandi
and energy costs.

For the evaluation of current program offerings, Frontier recommends some changes to programmable
thermostat savings estimates. The 2010 Annual Electricity Savings PIAs for programmable thermostats in
an existing home with gas heating and electric cooling are based on the results of two CCHT studies.
First, the average consumption of each of the components of the HVAC system are computed using
estimates for the fraction of participants that operate their furnace fans continuously and the fraction that
operate them non-continuously. The consumption of each component is taken from the Final Report on
the Effects of ECM Furnace Motors on Electricity and GadJse Then, the savings fractions for various
thermostat setbacks and setups reported in 7he Effects of Thermostat Set-Back and SetUp on Seasonal
Energy Consumption, Surface Temperatures and RecoveryTimes at the CCHT Twin House Facility)/' are
applied to the average consumption values.

Frontier believes that there are two issues with these PIA values that should be addressed to reflect more
accurate savings estimates. The way that continuous and non-continuous fan usages are handled should
be immediately changed to more accurately reflect true savings. Also, the use of values based on a
study that used a PSC fan motor should be questioned, and the winter furnace fan savings for a furnace
equipped with an ECM fan motor controlled by a thermostat should be investigated.

The heating electricity savings for programmable thermostats should be based on the direct results of the
study despite the fact that the study assumed continuous furnace fan usage. The 2010 PlAs assign
smaller savings to furnaces that operate non-continuously; however, the CCHT thermostat study states
that homes with | ooser construction that could be oper.
savings due to quicker response to set-back or set-up and slower recovery times. Frontier also argues
that since programmable thermostat setbacks generally function to decrease the time that a furnace is in
heating mode, the electricity savings for non -continuous fan usage are likely to be as great if not greater
than those for continuous fan usage. In the case of non -continuous fan usage, decreased time in heating
mode means more time that the fan is off rather than running in high power modes of operation, while in
the case of continuous fan usage decreased time in heating mode means more time in low power modes
instead of high power modes. The application of the savings percentage found in the study to the total
consumption of the non-continuously operated fan does not accurately reflect the savings occurring due
to the operation of the programmable thermostat. Thus, Frontier assumed the full 19 kwWh for a 4 degree
Celsius nighttime setback and 44 kwh for a 4 degree nighttime and daytime setback in the case of
furnaces with PSCfan motors and did not differentiate between continuous and non -continuous furnace
fan operation.

(In fact, these values were reduced in two ways:

1) Instead of using 19 kWh and 44 kWh, which were calculated for the CCHT thermostat study
home, Frontier used 16.6 kWh (= 0.8% x (54% x 2008 + 46% x 2146)) and 39.4 kWh (= 1.9%
X (54% x 2008 + 46% x 2146)) based on the average winter furnace fan consumption
projections for new and existing homes from the CCHT ECM study.
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2) The values were multiplied by % to reflec t the fact that the average thermostat setback among
program participants was 3 degrees Celsius, while the CCHT thermostat study assumed 4
degrees Celsius.)

This yields a conservative estimate of energy savings. It is likely that the savings from a winter setback
of a furnace with non -continuous fan operation would be significantly greater than assumed in this
evaluation.

The savings due to thermostat setback for a furnace with an ECM fan motor may differ significantly from
those due to setback for a furna ce with a PSC fan motor. Since ECM fan motor consumption is less than
that for a PSC fan motor, one would assume that the savings due to a setback would be less for an ECM
fan motor than for a PSC fan motor. Frontier estimates that for non -continuous fan operation, the
decrease in savings for an ECM furnace would be considerable but would roughly equal the likely increase
in savings of a fan under non-continuous operation. Frontier also estimates that for continuous fan
operation, the decrease in savings is 10% or less due to the fact that the difference between heating -
mode operation and circulation-mode operation is only slightly greater for PSC than for ECM motors. (In
fact, there is some evidence in the CCHT ECM study thatthe difference is greater for ECM motors
suggesting that a setback may produce greater savings for an ECM fan motor.) While this issue is worthy
of further investigation, Frontier decided to use the same estimate derived for PSC fan motors under
continuous operation for all furnac e fan types and operation modes.

The cooling electricity savings in the 2010 PIAs present another issue. The overwhelming majority of
electricity savings due to thermostat setup for cooling come from avoided consumption of the air
conditioning compressor. The magnitude of the savings is minimally affected by the operation of the
furnace fan, but a system with continuous fan operation will have greater total consumption than a
system with non-continuous fan operation. Because of this, the savings fraction (the ratio of savings to
consumption) will be smaller for a system with continuous fan operation. Thus, applying the savings
fraction determined from a system under continuous fan operation to the consumption of a system under
non-continuous fan operation underestimates the energy savings. Frontier believes that it is more
accurate to develop separate savings for the air conditioner compressor and the furnace fan during the
cooling season. Since the CCHT thermostat study does not report separate consumptions for the air
conditioner compressor and the furnace fan during the cooling season, Frontier used the consumption
values reported in the CCHT ECM study for continuous fan operation for an air conditioning system with
PSC fan motor in a new home to break the CCHT thermostat study total cooling consumption (3099 kWh)
into air conditioner consumption (1578 kWh) and cooling season furnace fan consumption (1521 kWh) by
assuming the same ratio of the two consumption values. Then, Frontier assumed that the savings
fraction for the furnace fan usage due to a 3 degree Celsius winter nighttime setback (3/4 x 19 kWh/2314
kWh = 0.60%) would be approximately equal to the savings fraction due to a 3 degree Celsius summer
daytime setup yielding an estimate for the CCHT thermostat study house of 9.1 kwWh (= 0.60% x 1521
kWh). For the 2009 CSRP impacts estimates, Frontier used a summer furnace fan savings estimate of 8.9
kWh (= 0.60% x (54% x 1537 + 46% x 1417)) based on the summer furnace fan consumption

projections from the CCHT ECM study for new and existing homes with continuously operated air
conditioning systems with PSC motors. Using the same reasoning given for heating furnace fan savings,
this value is a reasonable, conservative assumption for both furnace fan operation modes and for both
PSC and ECM fan motors.
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To estimate the air conditioner (compressor) savings due to a thermostat setup, Frontier subtracted the
summer furnace fan savings from the total summer savings reported in the CCHT thermostat study to get
the air conditioner savings for a 12 SEER system with continuous PSC fan operation: 323 kWh (= 332
kwhi 9.1 kwh). As a fraction of the estimated air conditioner consumption, this is a savings of 20.5%

(= 323 kwWh/1578 kWh). This percentag e was then applied to the air conditioner (compressor)
consumption for a 12 SEER system,810.3 kWh (= 0.7 48 x 26,000/(12 x 1000) x 500), using the average
fraction of annual air conditioner consumption due to the compressor, 0.7 45, from the CCHT ECM study
of homes with non-continuously operated PSCfans. Thus, the 3 degrees Celsius summer thermostat
setup annual savings for a 12 SEER system (includng furnace fan savings) is 174.6 kWh (= 20. 45% x
810.3 + 8.9). For participants that received a rebate foran ENERGY STAR CAC, the air conditioner
savings were multiplied by 12/15.5, the ratio of the SEER of the system used to determine these savings
and the average SEER of rebated systems, to reflect the reduced consumption and associated savings
with these effi cient systems, yielding savings of 135.2 kWh/year. [Note that the air conditioner
compressor savings were calculated using the simple consumption calculation involving SEER rating and
equivalent full load hours, rather than the consumption values found in the CCHT ECM furnace study. As
discussed in the section on ENERGY STAR CAC annual electricity savings, it is likely that this simple
calculation gives the best representation of actual CAC consumption. While the consumption found in the
CCHT facilitieswere considerably higher, actual CAC usagebehavior seems to imply lower consumption
values.]

Effective Useful Lives

EULSs for Ontario

Frontier gathered data related to the effective useful lives from three primary sourc es: the participant

telephone survey, the contractor mail survey, and the CSRP tracking system database. In participant

telephone surveys, the participants were asked how many years they had their previous central air

conditioners, furnaces, and thermostats. In the contractor mail surveys, contractors were asked to

estimate the average age of furnaces and CACs that they replace and how long they expected CSRP

eligible CACs and furnaces to last before they needed to be replaced. Finally, Frontier used the serial

numbers of previous CACs and furnaces contained in the
determine the year in which the systems were manufactured to estimate how long the systems had been

used.

Using the serials numbers to determine the year of manufacture was not a straightforward or highly -
dependable method. Each manufacturer has its own method of encoding the date of manufacture in the
serial number, and so an algorithm had to be created for each manufacturer. Some use certain digits in
the serial number to represent the last two digits of the year of manufacture. Some use letters in certain
places in the serial numbers to represent the years. In this case, the manufacture date can only be
determined if one already knows in which range of (at most) 26 years the unit was manufacture d. Thus,
manufacturers that used this system had to be excluded. Finally, for many of the units the information
was recorded as dillegible,d serial numbers were incom
number as the serial number or the wrong manufacturer. If the serial number given was not a proper
serial number associated with a given manufacturer, the algorithm for determining the year of
manufacture would provide an incorrect answer. To decrease the number of such instances, the dates
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produced by certain algorithms had to be restricted to certain ranges. Thus, for some air conditioners,
the oldest manufacture date allowed was 1981, while for some furnaces, it was 1971. This assumption
was based on participant survey responses, but a different assumption could have been justified that
would have changed the results.

To determine the useful lifetime of each unit for the year of manufacture required an assumption of the
age of these units at installation. The estimate for this value used in this analysis was derived by using
the serial numbers of the units installed through this program to determine their average date of
manufacture. The average for both CACs and furnaces was found to be 2008.7 (or mid-August 2008). It
was this value from which the years of manufacture were subtracted to get the lifetimes of the units.

In the end, Frontier was able to produce a large set of objective data points using systems manufactured
by the Lennox, Carrier, and International Comfort Products/Keeprite families of companies/brands,
totaling 4,040 CACs and 8,369 furnaces. Units from these three families of companies constituted 50%
of the CACs and 49% of the ECM furnaces rebated through the 2009 CSRP, so the EULsletermined for
them can be expected to represent the EUL for all systems fairly well.

Findings from Surveys and Tracking System
Table26. CAC EUL Estimates

Data Source Average Lifetime

Manufacture Dates  from DB Serial Numbers 18.0
Participant Telephone Survey 18.1
Contractor Mail Survey: Units Replaced 15.9
Contractor Mail Survey: Units Installed 16.6

Table 26 lists the average lifetime for CACs determined from the three pri mary data sources. These
findings show that the analysis of the serial numbers of previous CACs given in the tracking system
database and the participant responses to the telephone survey both indicate that the currently assumed
value of 18 years for the EUL of CACs is accurate. The contractor responses indicate otherwise, however,
showing that contractors estimate that the average age of the CACs that they replace is less than 16
years. While contractors do expect the ENERGY STARNits being installed right now will last longer, they
still only predict an average life of 16.6 years. These differences are statistically significant to a high
degree and likely represent a bias in some of the data sources. One could argue that the fact that the
analysis of tracking system data only included certain manufacturers could have produced a bias if those
manufacturers typically produced longer-lasting systems. However, given that th e analysis produced
results that agree with participant reporting of the age of th eir systems and that the contractor estimates
were likely based on off-hand estimates rather than specific data, Frontier believes that the contractor
data is more likely biased. Thus, the currently assumed EUL of 18 years should continue to be used.

[Note that if the restrictions placed on the results of certain algorithms used in the analysis of tracking
system data had been relaxed to include dates of manufacture of 1971 and later, the average lifetime
would have increased by 0.4 years. Thus, if this change had been made, the conclusion that 18 years
should continue to be used would have been the same.]
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Comparison to Values from Literature Review
OPAbs Pl A f &ENERGhITAEACLisIBf years, based on estimates from

for Energy Efficient Resources (DEER) 2008 Updat8, Ver mont 6s Master Technician R
and the Texas Energy Deemed Savings Database’

Other sources reviewed support this assumption (NEEP', KEMA™) . Only the EPA6s ENERGY
Calculator disagrees with this assumption, assuming 14 years of EUL, referring to a Department of

Energy survey that found that the EUL of a CAC6s compr
for a split system was considered to be 18.4 years (taking into account compressor replacement costs).

(Federal Register™)

Thus, the results of the current evaluation are in agreement with the current PIA and the results of the
literature review.

Findings from Surveys and Tracking System
Table27. Rurnace EUL Estimates

Data Source Average Lifetime
Manufacture Dates from DB Serial Numbers 18.6
Participant Telephone Survey 20.4
Contractor Mail Survey: Units Replaced 18.2
Contractor Mail Survey: Units Installed 18.6

Table 27 displays the average lifetimes for furnaces determined from the three primary data sources. All
sources indicate a longer average lifetime for furnaces than for CACs, but most sources did not produce
results substantially greater than 18 years. Participants reported significantly longer furnace lifetimes
than other sources indicated. Over 5% of participants reported having their previous furnace for 40
years or more and over 15% reported having it for 30 years or more. This suggests that some of th e
difference between the participant survey results and the tracking system database results could be
explained by the restriction of the results of some of the database algorithms to 1971 or later. However,
further analysis of the database data suggests that this is not the case. For one manufacturer, allowing
results back to 1961 yields a change in average manufacture date of only 0.1 year. Therefore, this
difference is either the result of a bias in participant responses or perhaps a result of the fac t that the
serial numbers for units over 40 years old were less likely to be legible than those for younger units.

Thus, the results suggest that the current assumption of 18 years of useful life for furnaces is very
reasonable, but that the assumption could be justifiably increased to 19 years.

Comparison to Values from Literature Review

OPAds PIA for the EUL of furnaces witHh). ECM fan motors |
Of sources reviewed, only the ACEEEOs assrebhates ment of Ma:
program™ used a EUL of 18 years. Assumptions from other reports include 20 years (Marbek, from

Canadian Center for Housing Technology"") and 23 years (RLW Analytics, from ACEEE™), though neither
report explicitly states their reasons for these highe r EUL estimates.

Thus, the suggested value of 19 years is supported by the literature review.
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Survey Results

The only data source providing information on the useful lives of thermostats was the participant
telephone survey which produced 418 responses to a question of how long respondents had their
previous thermostat. These responses averaged to 14.6 years.

Comparison to Values from Literature Review

O P ABIA for the EUL of programmable thermostats is 11 years, based onassumptons made i n DEERS
2008 Update and that used by the New England State Program Working Group. (In the previous version
of the PIA document, it was 15 years.)

Literature reviewed places OPAO6s assumption near the |
Analytics, assumed an average of 10 years based on vendor data. The EPA ENERGY STAR Calculator

assumes a 15year EUL, based on a 2007 report from the Lawrence Berkeley National Laboratory*

Marbek Resource Consultants assume 18 years in their report for BCHydro, drawn from the Canadian

ENERGY STAR Calculator.

Thus, the result from the participant survey of 14.6 years is in agreement with the findings of the
literature review, while the current PIA assumption is not. Frontier recommends returning the EUL for
programmable thermostats to 15 years.

EULs by Geographic Region

The data from each primary source was categorized by postal district using the service address postal
codes for the participant survey and tracking system data and by using the contractor re sponses
regarding which major urban center s they serve. The average lifetime for CACs and furnaces was
calculated for each postal district and the results were compared. While nothing conclusive was found,
an interesting pattern was uncovered that could be used to justify different EUL values for different
postal districts. Unless there is strong motivation to accurately track savings for different regions, the
added logistical complexity involved with using different EULs for different regions is likely not justified by
the relatively small variations with incomplete evidence found through this analysis.
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Figure3. CAC EUL Estimates by Postal District
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As one can see from Figure 3, while there are clear variations across postal districts within each data
source, there is no common trend followed by each of the data sources. And within each data source,
there are even some differences that are statistically significant at the 95 % confidence level, but they are
not common across data sources. Thus, there is no conclusive evidence of differences in EULs for CACs
between postal districts.

However, the averages of the EULs by postal district over the different data sources do suggest a
pattern. The bottom line of Table 28 gives the straight average of the EULs determined from the
tracking system database, from the participant surveys, and from the contractor surveys (regarding the
age of units being replaced). These averages increase from district K to N and decrease substantially for
district P. While the errors in these averages are too large to view these differences as statistically
significant to a high degree, the pattern is interesting, and a simila r pattern appears for furnaces. There
is a hint here that there is true deviation in useful lives of equipment across postal districts.

This pattern could be linked to the behaviors or tendencies of people in each district, but there could also

be a physical explanation. The pattern is similar to the pattern in cooling load from region to region,

which shows increases from K to N and a significant drop for P. Perhaps steadier usage during the

cooling season actually increases longevity of CACs (due to mdsture or refrigerant issues), or perhaps
more CAC usage affects consumers6 care for wunits.

Table28. CAC EUL Estimates by Postal District

CACs K L M N P
Manufacture Date from DB Serial 17.1 18.0 18.6 18.2 16.8
Numbers

Participan t Telephone Survey 18.3 17.6 18.1 18.9 15.7
Contractor Mail Survey: Units 15.2 15.9 14.6 17.0 16.6
Replaced

Contractor Mail Survey: Units 16.6 16.6 15.9 17.0 16.6
Installed

Average of Replaced Units 16.9 17.1 17.1 18.0 16.4
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Figured. Furnace EUL Estimates by Postal District
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The findings for furnace EUL variation across postal districts are similar to those for CACs. As shown in
Figure 4, there are substantial variations within data sources, some are statistically significant to a high
degree, and, for furnaces, there are even certain statistically significant differences that are common to
multiple data sources. However, in one of these cases, district N compared to district M, the differe nce
for the database sources is in the opposite direction of that for the participant and contractor surveys.
Therefore, as with CACs, there is no conclusive evidence for variations across postal districts.

However, as with CACs, a pattern emerges when vdues from different sources are averaged. The
bottom line of Table 29 shows that the average EULs increase from K to L and decrease for P. This
roughly follows the pattern of heating load across districts. Thus, a possible expl anation could be that
increased furnace usage shortens the lifetimes of the furnaces. The explanation could also be related to

the behaviors or tendencies of the residents of these districts.

Table29. Furnace EUL Estimates by Rd®istrict

Furnaces K L P

Manufacture Date from DB Serial 17.7 18.8 196 18.2 18.6

Numbers

Participant Telephone Survey 18.1 19.9 19.7 23.2 19.6

Contractor Mail Survey: Units 16.6 178 171 19.4 17.4

Replaced

Contractor Mail Survey: Units 185 18.6 18.0 19.0 18.1

Install ed

Average of Replace Units 17.5 18.8 18.8 20.3 18.6
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Incremental Costs

Incremental Costs for Ontario

Survey Results

Frontier Associates polled contractors regarding the cost of various air conditioners to estimate their
incremental cost. According to the contractor survey the average cost of purchase and installation of a
14.5 SEER air conditioner was approximately $3104. As expected, the average cost for purchase and
installation of 15+ SEER central air conditioning systems was markedly higher at $3,702, while the least
expensive systems offered by contractors (which reportedly range from 8 to 30 SEER) cost an average of
$2,501. The incremental cost of a 14.5 SEER system over the average kast costly system was $603 and
the incremental cost of a 15+ SEER system was $1,201. Restricting the analysis to only those
contractors that indicated that a 13 SEER system was the lowest efficiency system that they install (and
only to those that provid ed reasonable values for both the high and the standard efficiency options), the
average incremental costs are $746 for a 14.5 SEER system and $1,319 for 15 and higher SEER system,
with an average cost for a 13 SEER system of $2,462. Figure 5 and Figure 6 illustrate the incremental
costs as reported by contractors for 14.5 SEER and 15+ SEER central air conditioning systems,
respectively.

The little information gathered through contractor interviews matche s closely the results of the contractor
mail surveys. The average cost of a 13 SEER system indicated was $3,069, and that of a 14.5 SEER
system was $3,695.

Cost data was also gathered from the participant surveys in a few forms. Participants were asked the
cost of the purchase and installation of all rebated equipment. Then, they were asked for the costs of
each individual rebated item, if they could provide it. Finally, if they responded that they recalled the
choice between the purchase of a high efficiency option and a standard efficiency option, they were
asked what the difference in cost for purchase and installation between the two options was.

Based on a regression analysis of the total cost of all rebated equipment (which allowed for more, bu t

less precise, data), the average cost of 14.5 SEER CAC systems equaled approximately $2,952, while 15+
SEER systems came out to $3,131. While this regression analysis produced values that roughly validate
the contractor responses, it did not provide rel iable enough results to use in the calculation of the
incremental costs.

The direct responses from customers suggested average costs of $3,100 and $3,280 for the two
efficiency levels, and average incremental costs of $761 and $1,090. While the sample sizes for the two
incremental cost responses, 22 and 33, were small, these results are very comparable to the contractor
survey, adding support to the contractor surveys and suggesting that respondents that were able to recall
incremental costs provided acaurate responses.

A simple average of the contractor and participant estimates yields incremental costs of $754 for 14.5
SEER systems and $1,205 for 15 SEER and higher systems.

These results suggest that the i ncr ewednputassumgtianst s as s u mi
(Pl A6s) for central air conditioning systems are stil!/
PlAs list an incremental cost of $662 for 14.5 SEER systems and $850 for 15 SEER systems. The new
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result for 14.5 SEER systens of $754 is about 14% higher that currently used. The incremental cost of
$1,205 for systems of 15 SEER or higher suggests an incremental cost of $959 for 15 SEER systems,

given that,

in the participant survey, the average SEER for participants that pro vided a response for the

incremental cost of 15 SEER or higher systens is 15.6.[ ($1,205-$754)/(15.6 -14.5)=$410/SEER. So, 15
SEER would equate to $54 + $410 x 0.5 = $959.]

Figure5. Incremental Cost of 14.5 SEER CACs
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Figure6. Incremental Costs of 15+ SEER CACs
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Comparison to Values from Literature Review

The survey findings differ from other available source:
Resources (DEER) estimates an incremental cost §$119/cooling ton or $297.50 for a 14 SEER 2.5-ton

CAC, and $238/cooling ton or $595 for a 15 SEER 2.5ton CAC. Inits 2011 Cost & Energy Savings

Estimate for ENERGY STAR Home%,the EPA estimates the incremental cost of a 14.5 SEER (2011

ENERGY STAR stalard) CAC to be $429 over a 13 SEER systemOne possible explanation of this

di fference is that the OPA&ds contractor and participanit
DEER and EPAG6s data, which are baslesdOtmenposSisld i f orni a and
explanations include the assumption of constant installation costs made in the DEER values and the fact

that the ENERGY STAR value is for new home applications.

Survey Results

Frontier Associates polled contractors regarding the cost of furnaces that feature ECMs and those that do
not in order to calculate incremental cost. The average cost for furnaces featuring ECMsis approximately
$3,845, compared to $2,985 for non-ECM furnaces. This equates to an incremental cost of $860, but
when restricting to only reasonable responses for incremental costs, the average is $909. Figure 7
illustrates the contractor responses regarding incremental costs for ECM furnaces.

Cost data was also gathered from the participant surveys in the same ways as described for air
conditioners. Based on the regression analysis of total rebated equipment purchase and installation
costs, furnaces featuring ECMswere approximately $3,407, again roughly validating contractor re sponses
but not producing a usable result.

The direct responses of customers indicate a total cost of $4,401 for a furnace with an ECM fan and an
incremental cost of $954. This total cost is considerably higher than that reported by contractors as is
the incremental cost, but the incremental cost matches that assumed in the prescriptive input
assumptions almost exactly.

For furnaces with ECMsthe OPA assumed an incremental cost of $960 per replaced furnace. The
average of contractor and participant surv ey responses suggess a slightly lower value of $933.
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Figure7. Incremental Costs of ECM Furnaces
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Comparison to Values from Literature Review

Number of Contractors

The ECM furnace incremental costs that have been found through surveys of participating contractors

and CSRP participants are significantly higher than t h
Massachusettsd GasNetworks furnace rebate program assu
Marbek Resource Cons ydradassumed$l40 e farnace replaced Chistifference

may be a result of the fact that in surveys performed for the CSRP evaluations, respondents were asked

about the costs of the purchase and installation of a furnace with an ECM and that of one witho ut an

ECM (the models considered by participants in the participant survey and between typical models in the

contractor survey). They did not attempt to isolate the added costs of an ECM fan motor in a given

furnace. Thus, the costs determined from the s urvey data may in fact include features besides an ECM

furnace motor that are typical in furnace s with ECM fan motors.

Survey Results

Contractors were also asked to respond to cost questions regarding programmable thermostats. The
average cost of purchase and installation for a programmable thermostat was $154, while the added cost
of a programmable thermostat in conjunction with a typical HVAC installation was only $120.

Cost data was also gathered from the participant surveys. According to program participants, the

average cost of programmable thermostats was $200, and the difference between a programmable

thermostat and a non-programmable thermostat was $182. As was the case with furnaces and air

conditioners, participants indicated higher incremental costs than contractors. In this case, contractor

guotes seem to be the more reliable source and fall ri o
for programmable thermostat).

Comparison to Values from Literature Review

Values determined from surveys are dramatically higher than values found in other sources. RLW
Analytics assumed an average incremental cost of $81 based on vendor data. Marbek Resource
Consultants assumed $70 per unit based on a survey of Canadian retdl outlets in their report to BC
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Hydr o. The DEER 2008 update assumes an incremental

STAR Calculator appears to be an outlier, assuming $19 per unit. These differences are likely results of
the inclusion of installation costs in the survey data and possibly that contractors are installing higher-end
programmable thermostats with their higher -efficiency HVAC installations.

Incremental Costs by Geographic Region

Frontier investigated variation in incremental costs across geographic areas by taking the average
incremental cost value of all contractors that perform installations in a given postal district, for each
postal district in Ontario (K, L, M, N, and P first digits of postal codes). * Note that some contractors
indicated that they performed work in multiple districts. For such contractors, responses were included in
averages for all districts that they indicated.

Incremental air conditioner costs did not show great var iation, as can be seen in Table 30 and Table 31.

Table30. 14.5 SEER CAC Incremental Costs by Region

14.5 SEER Total K L M N P
Average $746.05 | $711.11 | $693.70 | $736.67 | $799.42 | $825.00
Data points 108 9 40 30 43 2
St Dev $333.40 | $297.68 | $309.38 $265.85 | $350.54 | $530.33
St Err $32.08 $99.23 $48.92 $48.54 $53.46 | $375.00
Table31l. 15+ SEER CAC Incremental Costs by Region

15+ SEER Total K L M N P
Average $1,318.87 | $1,333.33 | $1,255.50 | $1,315.38 | $1,416.94 | $1,150.00
Data points 92 9 32 26 36 2
St Dev $536.77 | $529.15 | $523.66 | $467.93 | $544.26 | $777.82
St Err $55.96 | $176.38 $92.57 $91.77 $90.71 | $550.00

In fact, the sample sizes for districts K and P are too small to indicate much. However, there does
appear to be a trend that systems in L are less expensive than those in M, which in turn are less
expensive than those in N. The cost for a 14.5 SEER system in district L is different from that for the
same system in district N at the 85% confidence level, so it is fairly significant but does not meet the
commonly accepted value of 95% confidence. The difference between district M and district N is only
significant at about the 60% confidence level, and the diff erence between L and M is even less
significant. The differences between the incremental costs of 15 and higher SEER systems for these
districts is slightly less significant than the differences for 14.5 SEER systems. Thus, despite the fact that
there is evidence of geographic variation in incremental costs for air conditioners, it is not significant
enough to warrant a change in incentive structure or cost -effectiveness calculations.

The variation by postal district in the incremental co sts of purchasing and installing a furnace with an
ECM fan motor over purchasing and installing one with a fixed speed motor was even less pronounced

3 Contractors actually provided lists of the major urban centers in which they work, ntiécltémoerted into postal areas. Thus, the data would

allow for another analysis by a different geographic breakdown if desired.
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than the variation in incremental costs of ENERGY STARentral air conditioners. The results of the
analysis for ECM furnaces are displayed inTable 32.

Table32. Incremental Costs of ECM Furnace by Geographic Area

ECM Furnace Total K L M N P
Average $908.57 | $885.71 | $922.85 | $913.83 | $905.86 | $866.67
Data Poin ts 181 21 60 60 64 9
St Dev $430.90 | $446.41 | $431.30 | $404.52 | $455.76 | $324.04
St Err $32.03 $97.42 $55.68 $52.22 $56.97 | $108.01

There is no difference between districts that is more than one standard error away from zero, implying
that no difference could be significant at anything more than 68% confidence level. Thus, there is little
evidence in support of different incremental costs for ECM furnaces in different postal districts.
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Effects of Other Incentive Programs

Information regarding the effectsof i ncenti ve programs outside of the OPA
three primary sources: telephone surveys of program participants, mail surveys of participating

contractors, and telephone surveys of large participating contractors. A survey of contrac tors conducted

by the HRAI also yielded some information on this subject.

Two aspects of the effects of other incentives have been investigated:

e The level of CSRP participation in other incentive programs through which they received rebates
for the same equipment, and

e The relative importance of the various incentives to CSRP participant decision making.

Generally, the data show that a large fraction of the participants in the CSRP received other incentives for

their purchases, most notably from Natural Resour ces Canadads ecoEnergy Retrofit
Province of Ontariobs Home Energy Savings Program. Th
of overlap between the programs, but it is very likely that at least %2 of all CSRP central air condit ioner

and furnace rebates are combined with the ecoEnergy and/or Home Energy Savings incentives. In fact,

taking all data sources into account, it is reasonable to estimate that two -thirds of CSRP CAC and furnace

rebates are combined with the federal and/ or provincial rebates.

While some contractor data suggests that the CSRP program has a substantially greater effect than other
rebate programs, it is more likely, based on other contractor data and participant surveys, that the
ecobnergy Retrofit and Home Energy Savings Rebate Programs are having an effect that is almost as
great as if not greater than that of the CSRP on high -efficiency HVAC equipment installations in Ontario.
The majority of the data suggests that for ENERGY STARIr conditioners the effect of the CSRP is
approximately equivalent to that of the two government programs, but that those government programs
have significantly more effect on the purchase and installation of furnaces with ECMs.

Level of Participation in Other Incentive Programs

Contractor Surveys

Data from the HRAI contractor surveys indicates that 75% of CSRP rebates are combined with incentives
from the ecoEnergy and Home Energy Savings Programs.

The participating contractor mail survey included one question each for air conditioners and furnaces that

asked Awhat percentage of customers receiving a CSRP r ¢
through the ecoEnergy Retrofit and/or Ontario Home Energy Savings programs (both of which require

prer etrofit audits). o The responses were averaged in ty
in the table below. First, the average over all responses was calculated. Given the good representation

of the population of pa rticipating contractors in our responses, this value is a good estimate of the

average fraction of a contractorés CSRP installations f
government programs. The second approach was to take a weighted average, weighted by the number
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of pieces of equipment that were rebated through the CSRP for each contractor, as reported through the
survey. This value gives a good estimate of the fraction of total CSRP rebates that were combined with
at least one of the two government incentives.

Table33. Fraction of CSRP Installations Receiving Government Rebates

CAC Furnace
Straight Average 85.2% 89.9%
CSRP Rebate -Weighted Average 83.0% 85.6%

As one can see from the table, contractors reported that an overwhelming majority (over 80%) of the
installations that they submitted to the Cool Savings Rebate Program were also submitted for rebates
from the major federal and provincial incentive programs.

The following histograms show just how skewed t he responses were toward very large fractions of CSRP
participants participating in the government programs.

Figure8. Contractors with Customers Receiving Other Rebates for ACs
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Figure9. Contractors vith Customers Receiving Other Rebates for Furnaces with ECM Fans
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Program Participant Telephone Survey

The participant survey results suggest less overlap between the CSRP and the two major government
programs than the contractor surveys suggest. Participant survey data does show that a large majority
of participants received incentives from an organization other than the OPA. However, the fraction of
(responding) participants that indicated that they received no other re bates was 28% for both air
conditioners and furnaces. This means that the average contractor estimate for the fraction of
participants to have received rebates from just the two governmental programs is larger than the fraction
of participants that report ed receiving any rebate other than the CSRP rebate. This strongly suggests
that either contractors have overestimated the participation in the two government programs or that the
contractors that responded to the survey have clientele that received more o utside incentives. The other
possibility is that participant respondents were very confused about the incentives that they received, but
it is unlikely that a significant number of confused respondents indicated that they received no other
rebatesrathert han respond that they donét know or that they r
recall the specifics.

An overview of the responses to the questions regardin
incentive programs is given in the following tables:
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Table34. Air Conditioner Incentives from Outside Sources

Feder al Government 6s EcoEner 103 46.2%

Your Gas Utiity
Contractor bundled rebates;
No other rebates 28.5%

Refused 1

Table35. Furnace Incentives from Outside Sources

Feder al Government 6s EcoEner 179 47 1%

Your Gas Utility 10.7%
Contractor bundled rebates;
107 28.0%

Refused 1
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Table36. Programmable Thermostat Incentives from Outside Sources

% of Responding
Received Participants
Programmable Thermostat Incentive Source . (excludes
Incentive
Know and
Refused)
Feder al Government s EcoEner 51 22.9%
The Ontario Government 6 s Home Energy S
Retrofit Rebates 42 18.7%
Your Gas Utility 18 7.9%
Federal tax credit 11 5.1%
Contractor bundled rebates; 11 4.8%
Other (Please Specify)
41 18.3%
No other rebates 116 52.3%
Don 6t know 80
Refused 1

The responses to this question generally show expected trends. The most common rebates are those

available through the two government program s. Very similar responses were found for air conditioners

and furnaces, while lower rates of other incentives were found for programmable thermostats. A

significant fraction of respondents claimed that they
another significant portion claimed that they received rebates that the surveyor did not recognize in the

list of rebates given. Many of these respondents indicated that these other rebates that they received

were from manufacturers, but some indicated that they had in fact been involved in the government

programs despite the fact that i t was not recorded this way.

This data does suggest that many respondents gave inaccurate responses, however. For instance, over
20% of responding participants that received CSRP rebates for programmable thermostats indicated that
they received a rebate from the ecoEnergy Retrofit Program, which does not offer incentives for
thermostats. Over 6% of responding participants that received CSRP rebates for air conditioners claimed
that they received a rebate for their air conditioner from their gas utility, w hich is almost certainly untrue.
And it is surprising that for all equipment types, more respondents claimed to have received ecoEnergy
rebates than Home Energy Savings rebates. The two programs are marketed and implemented in a
coordinated manner that m akes it hard to believe that many people would participate in one and not the
other.

The study team made attempts to come up with more accul
involvement in government programs. To account for the fact that some responden ts indicated that they

only participated in one of the two government programs, the number of responding participants that

indicated that they received either an ecoEnergy or a Home Energy Savings rebate or both was also

calculated. Two adjustments were made for other respondents that likely participated in the program,

while not recorded as such. First, any respondents that were not recorded as having received a

government rebate, but did indicate when specifying their other rebates that they received a government

rebate were added to the total. Secondly, respondents that indicated that they did not know what other

rebates they received were asked about home energy in order to determine if they were likely to have
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participated in the government programs. If a participant responded that they received a home energy
audit before and after the installation of their equipment, that participant was considered to have

received one of the government incentives. Table 37 displays the estimates of the fraction of CSRP
participants receiving rebates through at least one of the ecoEnergy and Home Energy Savings programs
for each equipment type determined using the adjustments described above.

Table37. Adjusted Estinates for Fraction of CSRP Participants Receiving Government
Incentives

Rebated Equipment %

Central Air Conditioner 51.1%
Furnace 54.1%
Programmable Thermostat 29.1%*

* Adjusted value as calculated from responses. Best estimate would be 0% given rebates available.

Another reason to doubt the estimate of participation determined from participant surveys is that many

participants that did not mention participation in the ecoEnergy program responded to another question

as if they had participated. The survey included a question asking participants what programs they were

involved in (without providing options), and a question later that asked them to rate the extent to which

they were influenced by the ecoEnergy program (regardless of whether or not they had indicated

involvement). Prior to the survey, it was assumed that many people who did not mention the program

would rate the extent of its influence as very low. This did not turn out to be the case, as shown in Table

38,which displays respondentsé ratings of the influence o
decisions. The results suggest that respondents did not recall that they participated until the name of the

program was given.

Table38. Influence of ecoEnergy Retrofit Program

((:Zenc';.rgl Air Furnace Pr_lc_)r?ramm?btle
onditioner ermosta
Strongly Influenced 50.4% 48.2% 38.9%
Somewhat Influenced 34.2% 32.9% 31.9%
Weakly Influenced 3.0% 2.8% 5.4%
Not at all Influenced 9.6% 11.2% 18.3%
Don't know 2.9% 4.8% 5.1%
Refused 0.0% 0.1% 0.4%

Relative Importance of Incentives

Contractor Mail Surveys

The mail survey sent to participating contractors including the following question (and a variant of it
regarding ECM furnaces) in order to gauge contratc or s i mpressions of the relatiwv
from the OPA and incentives from other sources:

Order the following scenarios from Most Common to Least Common among your customers that
purchased an ENERGY STARACsystem. (5 = most common; 1 =le ast common; use each
number only once.)

The customer é
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came to me looking to purchase an ENERGY STAR system regardless of rebates

came to me looking to purchase an ENERGY STAR system because of a ne@SRP rebate

came to me looking to purchase an ENERGY STAR system because of the CSRP rebate

came to me looking to purchase a non-ENERGY STAR system but was convinced otherwise
by a non-CSRP rebate

came to me looking to purchase a non-ENERGY STAR system but was convinced otherwise
by CSRP relate

Contractor responses to these questions show that from their point of view the CSRP was the most
common driving force behind customer interest in high -efficiency HVAC equipment. As shown, inTable
39 and Table 40, the influence is more pronounced for ENERGY STARentral air conditioner rebates, but
that the trend is clear for both equipment types. It is also interesting to note that contractors rank
situations in which customers are set on high-efficiency equipment regardless of rebates as the least
common on average, but that some actually find this to be quite common.

Table39. OPA vs. Other CAC Rebates from Contractor Mail Survey

Regarding ENERGY STAR® Air Conditioners: T

he customer...

came to me
looking to
purchase an
ENERGY STAR

came to me
looking to
purchase an
ENERGY STAR

came to me
looking to
purchase an
ENERGY STAR

came to me
looking to
purchase a non-
ENERGY STAR
system but was

came to me
looking to
purchase a non-
ENERGY STAR
system but was

system system because system because convinced convinced
regardless of of a non-CSRP of the CSRP herwi herwi
rebates rebate rebate otherwise by a otherwise by CSRP
non-CSRP rebate | rebate
5 19 26 69 19 26
4 19 23 42 22 54
3 34 34 28 44 37
2 29 35 22 43 28
1 70 51 12 41 23
Average 2.35 2.63 3.77 2.62 3.19
Table40. OPA vs. Other ECM Furnace Rebates from Contractor Mail Survey
Regarding ECM Furnaces: The customer é
came to me came to me
came to me : )
came to me . came to me looking to looking to
. looking to .
looking to looking to purchase a purchase a
purchase a . ,
purchase a furnace with an purchase a furnace without furnace without
furnace with an furnace with an an ECM but was an ECM but was
ECM because of . )
ECM regardless 2 non-CSRP ECM because of | convinced convinced
of rebates rebate the CSRP rebate | otherwise by a otherwise by
non-CSRP rebate | CSRP rebate
5 23 34 68 17 27
4 17 25 38 35 33
3 30 27 31 42 45
2 32 43 25 39 26
1 70 42 13 38 42
Average 2.37 2.80 3.70 2.73 2.87
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Contractor Phone Interviews

The contractors interviewed by telephone gave a different sense of the relative influence of the CARP
rebates and the other major rebates available. These results agreed with the common finding that the
CSRP air condtioner rebates have a greater effect on customer decision making than the ECM furnace
rebates.

Frontier Associates asked contractors to rank the local, regional/provincial, and federal rebate programs
in terms of their influence on consumer behavior. The ranks were numerical, with one being the most
influential on consumer purchases, and three being the least influential. The rebates ranked were the
CSRP, regional and provincial rebates, and federal tax credits.

When looking at the responses of these interviews, it is important to keep in mind how the incentives
were referred to in the interviews. In the interview, the question concerning federal incentives specifically

stated Afederal tax creditso or nAfeder adffederaldevet ebat es o,
incentives. According to feedback from the interviewers, however, the contractors seemed to include and
rank all federal-l e v e | incentive programs instead of | imiting th¢
Afederal t ax esperdingtettse guestibneTierefore, one can assume that the rankings
attributed to Afeder al tax rebates or clevelthientised0 ar e syn.
programs.
Table41l. Ranking of ENERGY STAR Air CamditiSystem Incentive Programs
O. sars G # of Reglor.lal .and # of Federal Tax # of
Savings Rebate Provincial
Contractors Contractors Rebates Contractors
Program Rebates
Ran.ked F|r§t 4 Ranked First 4 Ranked First 4
(most influential)
Ranked Ranked
Ranked Second 6 Second 1 Second 5
Ranked Third 2 Ranked Third 7 Ranked Third 3

(least influential)

Table42. Average Contractor Ranking: ENERGY STAR

Program Average Ranking
CSRP 1.8
Regional and Provincial

2.3
Rebates
Federal Tax Rebates 1.9

On average, for ENERGY STARCACrebates, the CSRP was ranked 1.8, regional and provincial incentives
ranked 2.3, and federal tax rebates ranked 1.9. The three selections were tied, each having four
contractors select that category as the most influential rebate on purchases for ENERGY STARCAC
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equipment. CSRP had the most second rankings, with 6 contractors selecting the CSRP as the second
most important rebate program. Only 2 contractors selected CSRP as the least influential program.

Table43. Ranking of ECM Furnace Incentive Programs

Ran.ked F|r§t 2 Ranked First 3 Ranked First 7
(most influential)
Ranked Ranked
Ranked Second 7 Second 3 Second 2
Ranked Third 3 Ranked Third 6 Ranked Third 3
(least influential)

Table44. Average Contractor Ranking: ECM Furnace

CSRP 2.1
Regional and Provincial

2.3
Rebates
Federal Tax Credits 1.7

For ECM furnaces, the federal tax credits were on average the highest ranked, at 1.7. Next was the
CSRP, ranked 2.1 on average, and regional and provincial rebates last at 2.3. Seven contractors stated
that the federal tax credits were the most influential on consumer purchases for ECM furnaces. Three
contractors stated that regional and provincial rebates were the most influential, and 2 stated that the
CSRP was the most influential. However, 7 contractors stated that the CSRP was the second most
influential incentive program for ECM furnace purchases. Three contractors picked the CSRP as the third

most influential incentive program.

Table45. Ranking of Programmable Thermostat Imtive Programs

Ran.ked F|r§t 7 Ranked First 1 Ranked First 4
(most influential)
Ranked Ranked
Ranked Second 4 Second 5 Second 3
Ranked Third 1 Ranked Third 6 Ranked Third 5
(least influential)
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Table46. Average Contractor Ranking: Programmable Thermostat

Program Average Ranking
CSRP 15
Regional and Provincial

2.4
Rebates
Federal Tax Credits 2.1

For programmable thermostats, on average the CSRP was ranked highest, at 1.5. Second were the
federal tax credits, ranked at 2.1, followed by the regional and provincial rebates at 2.4. Seven
contractors stated that the CSRP was the most influential on consumer behavior towards purchases of
programmable thermostats. Four stated that the federal tax rebates were the most influential, and one
contractor stated that the regional and provincial rebates were the most important.

Participant Telephone Surveys

During the participant telephone surveys, participants were asked if they recalled how much they
received in incentives from the other incentive sources that they reported. In general, the values
reported seem unusually high, as shown in Table 47 and Table 48. It may be that many participants
were reporting the value of the all incentives that they received from a given source, not only those for
the specific equipment that the question referred to, or that participants were reporting the combined
value of more than one incentive program.

Tabled47. Amounts of Other CAC Incentives

. " Average (I e 22)
Central Air Conditioner Rebates No. of
Value
Responses

What was the amount of the: The Faé 63
EcoEnergy Rebates $947

What was the amount of t he: The Oi 49
Energy Savings Retrofit Rebates $1,042

What was the amount of the: Your Gas Utility $305 5
What was the amount of the: Federal tax credit $853 12
What was the amount of the: Contr g 11
recall specifics $659

What was the amount of the: The Rebate $1,054 30
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Table48. Amounts of Other ECM Fuace Incentives

_ Average (Unweighted)
ECM Furnace Incentives No. of
Value
Responses

What was the amount of the: The F 104
EcoEnergy Rebates $1,032

What was the amount of the: The O 86
Energy Savings Retrofit Rebates $892

What was the amount of the: Your Gas Utility $199 25
What was the amount of the: Federal tax credit $939 23
What was the amount of the: Contr 11
recall specifics $588

What was the amount of the: The Rebate $615 55

The participant telephone surveys included a question that asked the respondents to rate the extent to
which they were influenced by a number of factors in their decisions to purchase the equipm ent that they

purchased, with response choices of fANot influenced at
and AStrongly influencedo. The | ist of factors asked
ecoEnergy rebate ofifteroor, oanhde rit A etbaaxt ec roef f er . 0 I f mor e
AStrongly influenced, o the participant was asked which

The responses to these questions allowed for a comparison of the influence of the CSRP rebate offer ard
the ecoEnergy rebate offer. Table 49 and Table 50 show these comparisons for central air conditioners
and for furnaces for those participants that are likely to have pa rticipated in the ecoEnergy Retrofit
and/or Home Energy Savings Rebate Program. It is evident that participants were more influenced by
the ecoEnergy rebate offer than the CSRP rebate offer for both equipment types, but the difference is
slight for air co nditioners. There is a clear and large difference for ECM furnaces.

Table49. OPA vs. ecoEnergy CAC Rebates from Participant Survey

Central Air Conditioners

Ranked ecoEnergy more important than OPA 18.5%
Ranked OPA more import ant than ecoEnergy 6.6%
Ranked ecoEnergy as same as OPA 74.9%

Table50. OPA vs. ecoEnergy ECM Furnace Rebates from Participant Survey

Furnaces

Ranked ecoEnergy more important than OPA 46.0%
Ranked OPA more important than eco Energy 2.7%
Ranked ecoEnergy as same as OPA 51.3%

The factors that participants chose as the most influential reveal the same trend. For air conditioners,
the OPA rebate and the ecoEnergy rebate were chosen as the most influential by roughly the same
fraction of participants. For furnaces, the OPA rebate offer was selected by only a few people as the
most influential factor, while nearly 15% reported that the CSRP rebate influenced their decision the
most.
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Table51. Most Influential Factor for CAC

The initial purchase price 2.6%
The impact on your monthly energy 19.5%
costs

The OPA rebate offer of $250/$400 7.4%
The ecoENERGY rebate offer 8.9%
A tax credit or other rebate offer 6.4%
The age of your previous equipment 39.2%
Impact on the environment 4.3%
The recommendation of a friend 0.5%
The recommendation of a contractor 3.6%
Information gathered from personal 3,50
research

Being able to find a replacement unit 4.1%

quickly

Table52. MostInfluential Factor for Furnaces

The initial purchase price 4.5%
The impact on your monthly energy

costs 16.2%
The OPA rebate offer of $125 0.8%
The ecoENERGY rebate offer 14.6%
A tax credit or other rebate offer 8.6%
The age of your previous equip _ment 38.2%
Impact on the environment 5.8%
The recommendation of a friend 0.6%
The recommendation of a contractor 3.6%
Information gathered from personal

research 2.5%
Being able to find a replacement unit

quickly 4.7%
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Market Characterization

Market Trends andParticipation Forecast

Recent Participation

In an effort to forecast program participation of the Cool Savings Rebate Program (CSRP) for future
years, Frontier Associates examined a number of factors and their past impacts on previous program
years. These factors include economic conditions, effect of other incentives, customer attitudes and
information regarding each individual equipment type. Figure 10 below charts program participation from
2007-2009, while Figure 11 illustrates the various rebate levels offered through the Cool Savings Rebate

Program over that same time period.

Figurel0. Number of CSRP Participants 262309
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Figurell. CSRP Rebate Levels 268109
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Economic Conditions

According to Figure 10 above, program participation has been minimally affected by the economic
downturn that began in late 2007. Participation dipped slightly from 2007 -2008. However, when the
recession worsened from 2008-2009, program participation rose sharply.

In addition, as discussed later in this section, despite the fact that limited shipment data indicates a slight
decrease in total furnace and air conditioner sales, the decrease was more dramatic in new construction
and new installations than in replacement situations. Even more telling is that participating contractors
reported increasing total sales (although very slight for central air conditioners) and clearl y increasing
sales of ENERGY STARentral air conditioners and furnaces with ECM fans.

Thus, Frontierés findings indicate that economic condif
forecasting participation in future program years.

Effect of Other Incentives

In addition to the CSRP, customers purchasing eligible air conditioning, ECM furnaces, or programmable
thermostats also participate in provincial (Home Energy Savings Program) and federal (ecoEnergy Retrofit
Program) incentive programs. It is important to note that in 2009, these provincial and federal programs
experienced a 25% increase in rebate amounts and that after March 31, 2010, residents could no longer
schedule the energy audits necessary to participate in these programs. From 2008-2009, the CSRP
experienced a 66% increase in CAC patrticipants, a 58% increase in programmable thermostat
participants, and a 68% increase in ECM furnace participants. While it is unlikely that this significant
increase in CSRP participation can be saly attributed to the increased provincial and federal rebate
levels, it is clear that there is a direct relationship between these programs and CSRP participation.

This assertion is also supported by the information gathered from the participant survey. ECM furnace
purchases were heavily influenced by non-CSRP incentives (ecoEnergy, tax credit, or other rebate).
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When equipment age is eliminated as a factor, non-CSRP incentives were the most influential factor to
39% of participants, compared to only 1% that were most influenced by CSRP incentives.

This trend also held true for ENERGY STARAC purchases. In fact, when discounting equipment age as
a factor, non-CSRP incentives were the most influential factor to 26% of participants. This compared to
only 13% that found the CSRP incentives to be most influential in their purchase.

The responses regarding programmable thermostats were similar, but difficult to interpret. Of the factors
that strongly influenced participants to purchase programmable thermos tats (again ignoring responses of
the age of equipment), 16.1 % responded that a non-CSRP incentive (either ecoEnergy, tax credit, or
other rebate) was the most influential factor in their decision. This compared to only 1.5 % that thought
the CSRP rebate vas the most influential factor. However, 14.7% responded that the ecoEnergy rebate,
specifically, was the most influential, despite the fact that the program offered no rebate for
programmable thermostats. Either respondents were indicating that their pu rchase of a programmable
thermostat was driven by the purchase of other equipment which, in turn, was driven by the ecoEnergy
rebate, or a considerable number of respondents were confused by the question or about the ecoEnergy
program.

As mentioned, some of the non-CSRP incentive programs have been eliminated beginningin 2010, and as
a result, participation in the CSRP will likely be negatively impacted.

Participant Attitudes

Consumers are not only driven by incentives and incentive programs, however. Our participant survey

indicates that energy efficiency, energy conservation, and environmental concerns are prevalent in the

minds of participants and are significant driving forces in purchase decisions. The second most influential

factor, behind age ofthe equi pment , in participants®é decisions to p
the impact on monthly energy costs. ( Whi |l e i ncentives combined for more 61\
no individual incentive topped the impact on monthly energy costs.) This was true for all three rebated

equipment types. For ENERGY STARACSs, 31% of those not indicating that the age of their equipment

was most influential indicated that the impact on their monthly energy costs was most influential, with

another 7% indicated that it was the impact on the environment. For ECM furnaces, 28% indicated

monthly energy costs and 9% indicated the impact on the environment. For programmable thermostats,

the figures were 39% and 10%.

As can be seen inFigure 12, however, the total impact of all incentives on purchase decisions is roughly
equivalent to that of energy cost and environmental concerns for ENERGY STARACs and ECM furnaces,
while incentives have less impact for programmable thermostats, as expected.
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Figurel2. Most Influential Factors (Aside from Age of Equipment) in Purchase Decisions
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In addition, according to the participant survey, 33 % of respondents indicated that conserving energy

was extremely important to them over the past 5 years, 41% indicated that energy conservation was

very important and 22 % said it was at least somewhat important, as shown in Figure 13. Moreover,

when making purchases that affected energy use, 27% of respondents always paid more for an energy

efficient option,40% made t he energy efficient pu%opted®paymareo st of
Afabout half the Fguredd., 6 as shown in

Figurel3. Importanceof Energy Conservation to CSRP Participants

1.4% _ 1.6%_0.8%

m Extremely important
m Very important

m Somewhat important
m Not very important

m Not important at all

m Don't know

Figurel4. Freqeency of Choosing More Expensive, More Efficient Option
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All of this data suggest that while incentive programs remain an important driving force behind the sale
of efficient HVAC equipment, in their absence it is likely that a sizable market for such equipment would
remain (perhaps largely due to the lasting effects of previous incentive programs). Thus, participation in
the CSRP is likely to remain substantial in the absence of the ecoEnergy and Home Energy Savings
programs.

Market Trends by Equipment Type

Air Conditioners

Frontier Associates examined the air conditioner market by asking contractors to estimate their current
sales of air conditioner units in comparison to sales in 2008. According to contractors, 68 (or 36%) are
currently installing about the same number of units as in 2008. Another 69 (36%) are installing more
units than in 2008. However, 53 (28%) reported they are selling less than in 2008. Ten contractors did
not respond to this question.

Figurel5. Current State of Market for Central Air Conditioning Equipment

m Currently installing about
the same number of units
as in 2008

m Currently installing more
units than in 2008

m Currently installing less
units than in 2008
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Figurel6. Average Air Conditioner Sales, 20Q2009
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Table53. Average Number of Air Conditioners Installed by Surveyed Contractors

2006 65.5 36.4 22.7 14.2
2007 68.7 35.7 22.9 13.9
2008 74.4 44.4 31.3 14.8
2009 75 49.3 35.2 20.3

Using the survey, Frontier Associates wasalso able to track reported air conditioner sales for the

contractors from 2006 to 2009. The four indicators measured (air conditioner systems, ENERGY STAR
gualified air condititgmpen aystemadi i eniedestyisalems i nst
ENERGY STAR qual-t yped &ar e systdmsdnstdlledinbesinesses) all trended

towards increased average sales. ENERGY STAR qualified air conditioner systems increased in sales from

an average of 36 units sold per year in 2006 -to 49 wuni f
t y p & oonditioner units installed in businesses also increased in sales, from an average of 14 in 2006

to 20 in 2009.

Respondents to the contractor survey also indicated that when called to service an air conditioning
system, on average, the proportion of customers replacing systems grew from 42% in 2008 to 47% in
2009. While the average number of CACreplacements grew as a proportion, system repairs and systems
left non-functioning fell as illustrated by Figure 17 and Figure 18. This provides additional support to the
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claim that the economic downturn did not create a decrease in replacements from 2008 to 2009. Cash
conscious consumers would be more likely to opt for repairs over costly replacements. Contractors
indicated, however, that customers were more likely to replace than repair central air conditioners in
2009, suggesting that something (presumably incentive programs) was driving consumers to replace
despite financial concerns.

Figurel7. 2008 Result of CAC Service Call

m Customer left system
non-functioning

m Repaired unit

m Replaced unit

Figurel8. 2009 Result of CAC Service Call

m Customer left system
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B Repaired unit
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Figurel9. Central Air Conditioner Demand Expectations for 2010
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The survey also asked contractors to anticipate future sales of air conditioners beyond 2008. Of the
contractors, 56% (110 contractors) anticipated a small to moderate increase in demand for air
conditioner systems. Almost a quarter (24% or 47 contractors) anticipated no change in the market.
Eleven percent (22 contractors) answered that the market for air conditioners will incur a small to
moderate decrease. Sevenpercent (14 contractors) believe they will have a lar ge increase in demand for
air conditioners, and 2% (3 contractors) believe they will face a large decrease in demand.

Table54. ResidentialCAdnstallations 20082009

Year New New Installation in Replacement of
Construction Existing Home Existing System

2008 16,209 28,677 79,797

2009

(YTD) 11,271 19,725 62,932

In the contractor survey, contractors reported the percentages of new construction, new installation in
existing homes, and replacement of existing system projects that they performed in 2008 and in 2009.
The results were applied to the confidential CACshipment data provided by OPA, to derive a yearly
estimate in the number of projects by type , as displayed in the table above. It is important to note that
the 2009 data only represents the number of CACinstallations from January to October of 2009.
Regardless it is likely that an overall drop in CACconditioners occurred based on the assumption that
most CACunits are installed during the summer months. This drop in CACinstallations conflicts with the
generally positive responses given by contractors in the survey, but it is important to notice that the drop
is more pronounced in the new construction and new installation settings, suggesting that the
replacement installation market is somewhat sheltered from any impacts of the economic downturn (or
the saturation of the air conditioning market in Ontario) . Also, the contractors surveyed sell a high
percentage of ENERGY STARNits, which appears to be a growing market despite decreases in total
central air conditioner sales. Finally, the nature of the shipment data should be keptin mind. The data
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represents CACunits which are shipped through Ontario, so the figures include units which merely pass
through Ontario en route to another province and may not accurate reflect installations within Ont ario.

Furnaces

For ECM furnaces, contractors indicated a very robust market. In the survey, 158 contractors (84 %) said
they were installing more ECM furnaces than in 2008. Another 26 contractors (14%) stated they were
installing approximately the same number of ECM furnaces, and 3 contractors (2%) were installing less
units than in 2008. Thirteen contractors did not respond to this question.

Figure20. Current State of the Furnace Market
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Table55. Average Number of Furnaces Installed by Sure\Contractors

2006 74.4 38.5 17 15.3
2007 92.9 42.3 18.5 15.9
2008 105.1 64.1 18.2 17.3
2009 113.1 78.8 28.6 18.1

The most dramatic increases are seen in average furnace units installed and average furnace units with

ECMs installed. The average number of ECM furnace installations per contracto has doubled from 39 in

2006 to 79 in 2009. |l#Hypebl ani ossiof bliscesniedsretsi, albot h w
have increased, but not as dramatically. Average furnace units with ECMs installed increased from 15 in

2006 to 18 in 2009.

Contractors expect to experience increasing furnace sales, as well. Three-quarters of contractors expect
demand for replacement furnace installations to increase in 2010. Of the contractors, 58 (50 %) expect a
small to moderate increase in installations. Another 25 contractors (21 %) expect a large increase in
demand. Twenty-one contractors (18%) do not anticipate an increase or decrease in demand for
furnaces. Another 13 contractors (11%) forecast a small to moderate decrease in sales. However, no
contractors expect a large decrease in sales.

Figure22. Furnace Demand Expectations for 2010

m Neither Increase nor
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Contractorsdé indications of furnace Orepl acement

furnace replacement market. Responderts to the contractor survey indicate d that when called to service
a furnace that was over 10 years old, on average, the proportion of customer s replacing systems grew
from 32% in 2008 to 38% in 2009. Expectedly, on average, the proportion of customers repairing
furnace systems dropped over that same span from 68% in 2008 to 62% in 2009. Thus, as was the case
with air conditioners, there is no indication that customers 6financial situations are driving them to opt for
repairs over costly replacements.

Frontier also used (confidential) furnace shipment data from HRAI™" and contractor survey data to
estimate residential furnace installations in new construction, new installation in existing homes and
replacement situations over the past two years. As with central air conditioners, there was a decrease in
the total number of installations from 2008 to 2009. However, as shown in Table 56, this decrease was
entirely accounted for by the decrease in new construction installations. Replacements of existing
systems actually increased from 2008 to 2009. In addition, Table 57 shows that the furnace market is
quickly shifting away from furnaces with standard fan motors to those with ECM fan motors.

Table56. ResidentialFurnace Installations 2068009

Year New New Installation in Replacement of
Construction Existing Home Existing System

2008 20,956 16,120 124,126

2009 16,054 17,659 126,827

Table57. ECM vs Fixed btor Furnace Installations 2062009

Year ECM Fan Motor Fixed Fan Motor Total

2006 47,658 122,813 170,471
2007 56,071 108,973 165,044
2008 58,491 102,712 161,203
2009 91,131 69,219 160,540
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Programmable Thermostats
Contractors also responded to survey questions concerning the market for programmable thermostats.

Figure23. Current State of Thermostat Market

m Currently installing more
units than in 2008
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m Currently installing about
the same number of units
as in 2008

A large majority, or 61 % (110 contractors), reported installing more programmable thermostats than in
2008. Approximately 32% (59 contractors) stated they are installing the same number of units as in
2008. And 7% (13 contractors) reported installing fewer units than in 2008. Eighteen contractors did not
respond to this question.

Figure24. Average Thermostat Sales, 20@62009
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Table58. Average Number of Thermostats Installed by Surveyed Contractors

2006 87.1 80.4 25.9 23.4
2007 88 82 26.6 23.8
2008 94.2 76.2 26.4 21

2009 111.5 91.6 28.4 22.8

From 2006 to 2009, thermostats and programmable thermostats have increased in sales. The contractors
reported selling 80 programmable thermostats on average in 20068 in 2009, they sold 92 programmable
thermostats on average. However, sales of programmable thermostats to businesses have remained
stagnant. In 2006, contractors reported selling 23.4 programmable thermostats to businesses on
average, and then in 2009 reported selling 22.8 programmable thermostats to businesses on average.

Figure25. Thermostat Demand Expectations for 2010

® Small to Moderate
Increase

® Small to Moderate
Decrease

m Neither Increase nor
Decrease

m Large Increase

For thermostats (both programmable and not progr ammable), 49% (91 contractors) expect a small to
moderate increase in sales. Another 18% (33 contractors) anticipate a large increase in sales of
thermostats. Twenty-six percent (49 contractors) believe that sales of thermostats will neith er increase
nor decrease, and 7 anticipate a small to moderate decrease in sales.
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Participation Forecast

While customer attitudes along with sales and other market data indicate continued growth in ENERGY
STARCAC, ECM furnace and programmable thermostat purchases, the émination of provincial and
federal incentive programs will likely result in a net decrease in CSRP program patrticipation.

Had the provincial and federal incentives been left in place, Frontier Associates would have predicted
continued growth in program participation for both CAC and ECM Furnace Cool Savings Rebate programs.
Based onthe trends in contractor-reported CSRPqualified installations over time, the CAC rebates would
likely have seen an approximate 5% increase, jumping to around 42,977 participants. The ECM furnace
program participation would have risen by nearly 8%, up to 84,881 participants.

The above figures were adjusted based on the anticipated impact from the elimination of provincial and
federal incentive programs. Using estimates of free-ridership in the presence and absence of the
ecoEnergy Retrofit and Home Energy Savings programs, estimates of participation in those programs by
CSRP participants, and assumptions about specific motivations of freeriders, Frontier estimated the
fraction of participants that would have been likely to purchase non -qualifying equipment in the absence
of the ecoEnergy and Home Energy Savings programs. Frontier Associates has estimated that
approximately 33% of customers that purchased high efficie ncy CAC systems did so due to the
combination of CSRP and nornCSRP incentive programs and therefore would not have participated in the
CSRP in the absence of the government rebates. Frontier alsopredicts that of the estimated 16% of
participants who required only one of the CSRP rebate or the government rebates to purchase an
ENERGY STARystem, one-quarter (4% of the total) would not find the CSRP rebate alone sufficient. As
a result, Frontier projects that the ENERGY STARAC CSRP patrticipation estima should be reduced by
37% to approximately 27,100 participants.

For furnaces, Frontier has estimated that 21% of customers were convinced to purchase an ECM furnace
by the combination of rebates and would not participate in the CSRP in the absence of the government
programs. Frontier also estimates that 21% of participants would not find the CSRP rebate alone to be
sufficient. (This is two -thirds of the 31% of participants who required only one of the CSRP or
government rebates to purchase an ECM furnace.) As a result, Frontier projects that the ECM furnace
CSRP participation should be reducel by 42% to approximately 49,200 participants.

In the estimation of 2010 CSRP impacts, a participation forecast was developed using a mix of the
forecast assuming that the ecoEnergy Retrofit program would exist and the forecast assuming that that
program would not exist.

[ {f wt Qad 9FFSO0a 2y /2y iINIF OG2NI t NI

Proper Sizing
According to the contractor survey, the CSRP has significantly impacted sizing practices. Anong 187

participating contractors surveyed, 58 contractors (31 %) have changed their furnace sizing methods due
to the program, while 129 (69 %) reported no change.

In replacement CACinstallations, contractors indicated that they installed systems with a | ower capacity

than the previously existing system 23% of the time on average. This indicates that nearly a quarter of

previous CAC systems were incorrectly sized. In replacement furnace installations, contractors indicated
that they install a smaller -capacity system 61% of the time, suggesting even more prevalent over -sizing
in past furnace installations. The CSRP may be at least partially responsible for helping to remedy this
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problem, as participating contractors are required to perform heat loss/heat gain calculations to
determine the proper system size. This method is far more accurate than imprecise sizing methods that
have been traditionally used.

This trend of replacing systems with smaller-capacity systems was also found in an analysis ofthe CSRP 6 s
tracking system database. The tracking system database contains the model humbers of all of the
replacement CAC condensing units and ECM furnaces installed and rebated through the program. It also
contains the model numbers for some of the existing systems that were replaced (when the contractor
was able to find and read the model numbers). Model numbers typically include an indicator of the
capacity of the system, e.g., 036 for a 36,000 Btu/hr air conditioner or 060 for a 60,000 Btu/hr furnace.
Frontier attempted to identify correctly as many of these indicators as possible by searching for a variety
of forms of them in the model humbers. More precise indicators were given precedence over others,

e.g., if the model number contained 036 and 42, th e unit was assumed to be 36 kBtu/hr not 42 kBtu/hr.
In some cases, model numbers contained two of the same form of indicator. To account for this, two
sets of capacities were developed one that took the minimum capacity when two indicators were present
and one that took the maximum.

After the capacities of as many units as possible were identified, the capacities were averaged. Table 59
displays the number of rebated systems for which a capacity was identified and the average capacity of
those systems. These results indicate that the average ENERGY STARAC being installed through the
CSRP has a capacity 307669 Btu/hr less than the average system being replaced. If one were to use the
O6previousdé and Or dopndm this amalysis, 86,5¢6aapda26,208 Btughs, instead of the
26, 000 Btu/ hr assumed for Oprevious6é and O6replacement 6
for a 14.5 SEER CAC replacement would increase from 103.4 kWh to 116.1 kWh. Howeve, this is not
the correct way to characterize additional savings because the average cooling load is not changing
because of the program; it is the efficiency of the installed units that are affected by the proper sizing. In
fact, it would be hard to quan tify the electricity savings associated with this 1.2% drop in capacity in light
of the fact that one Florida study showed a typical 9% increase in annual space cooling electricity for
units over-sized by 50% or more.*

Table59. Average Capacities from Tracking Database

Number Average Capacity
Identified (Btu/hr)
CAC
Replacement 39,237 26,209
Previous (Min) 15,122 26,516
Previous (Max) 15,122 26,878
Furnaces
Replacement 66,002 71,108
Previous (Min) 29,467 84,249
Previous (Max) 29,467 85,670

The results also suggest that the average ECM furnace being installed through the program has a
capacity 13,141-14,562 Btu/hr less than the average system being replaced. While this is a significant

4 As quoted in the Technology Fact SRéghtSize Heating and Cooling Eqpimpared by the Florida Solar Energy Cémtéhe U.S. Department
of Energyds Office of Building Techl92z002b490y, January2002. Reference
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decrease in capacity, it is not clear how this would affect the Annual Electricity Savings assumption. The
same DOE Technology Fact Sheet referenced above does state that oversized systems use more fan
power for the blower, but not in the context of ECM fans which can adjust spe ed according to the
required air flow.

Thus, while contractor and participant information sources provide evidence that the CSRP is encouraging
the proper-sizing of HVAC systems and thereby producing benefits for consumers, there is no justification
at this time for adjusting savings values based on these findings. This may be something worth
investigating in the future.

Installation of Matching Coils

In addition to impacting sizing practices, the CSRP seems to be helping to ensure that system
components are being correctly matched and functioning at their peak performance.

From the contractor survey, Frontier Associates was able to glean that on average, when installing non-
CSRP qualifying replacement systems, contractors installed condensing units andmatching coils from the
same manufacturer about 57% of the time. Over one quarter of the time (29 %) they installed
condensing units with third -party AHRFmatched coils, while 10% of the time they installed condensing
units with third -party non-AHRIFmatched coils, and 4% of the time they replaced only the condensing
units (and left the existing indoor coils). Thus, 14% of non -qualifying systems installed by participating
contractors are installed without matching coils. This indicates that the proper base line for determining
savings for ENERGY STARAC replacements rebated through the CSRP should be somewhat less than 13
SEER. Using the same assumption made in an analysis performed by the Energy Systems Laboratory at
Texas A&M University that systems installed without matching coils would perform at a level equivalent to
85% of the SEER rating, one finds that the baseline efficiency level for CAC replacements in the CSRP
should be 12.73 (=0.14 x (0.85x 13) + 0.86 x 13). Using this baseline value would increase the PIA
Annual Electricity Savings by21 kWh. However, in the cited analysis by the Energy Systems laboratory,
the majority of systems replaced without matching coils were in fact condensing unit -only replacements,
while the results of the contrac tor surveys suggest that the majority of these system replacements were
full replacements in which non-AHRFmatched coils were installed. This may suggest that the assumption
of a 15% lower efficiency level overestimates the effects on the baseline for Ontario.

On the other hand, of the 16 contractors interviewed, when asked how the program has affected the
company 6 s onepaticipaiing estractor recounted that condensers and coils are checked to
ensure AHRI-matches in order to qualify for CSRP rebates. It is reasonable to assume that the CSRP had
this impact on other contractors throughout Ontario. This could suggest that non -participating
contractors have even higher instances of replacement installations in which no coils or mismatched coils
are installed and that the estimate of 12. 73 SEER baseline igeasonable or even conservative.

In the end, however, Frontier believes that the uncertainty in the effect of installing non -AHRFmatched
coils means that only a very small change in baseline SER rating to 12.92 (= 0.04 x (0.85 x 13) + 0.96 x
13) is justifiable and that this change is too small to be worth the confusion that could be created by
using a baseline other than the federal standard.
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Net-to-Gross Ratio

Eligibility
ENERGY STAR®entral Air Conditioners

In order to qualify for a rebate through the 2009 Cool Rebate Savings Program, a central air conditioner
had to meet the minimum requirements set out in the Air -Conditioning, Heating, and Refrigeration
Institute (AHRI) product directory. This requirement was automatically verified when contractors
submitted rebate applications online. The contractors had to enter the AHRI reference number for each
system, which only exist for systems meeting the AHRI minimum requirements.

A central air conditioning system also had to be ENERGY STARualified to be eligible for a rebate. This
meant that systems had to have SEER ratings of 14.5 or greater and EER ratings of 12 or greater. This
requirement was also automatically verified through the onli ne submission process. The AHRI database
contains SEER and EER ratings for specific combinations of condensing units and evaporator coils (and
furnaces, if included). When contractors supplied AHRI reference numbers during the rebate submission
process, the SEER and EER ratings were recorded and verified as meetingENERGY STARinimum
requirements. [Note that because SEER and EER ratings associated withAHRI reference numbers were
used, rebates were given out for some air conditioners that meet ENERGYSTARqualification
requirements when paired with a furnace with an ECM fan motor but do not when paired with a furnace
with a PSC fan motor. Rebates were only paid in this case when the appropriate furnace with ECM fan
motor was also installed.]

The final eligibility condition for central air conditioning systems rebated through the 2009 CSRP was they
replaced an existing central air conditioning system. There was no automatic verification of this eligibility
condition, so participant telephone surveys included questions designed to verify this requirement. Table
60 and Table 61 show these questions and the (weighted) results from the surveys.

Table60. CAC Eligibility 1

Did th e rebated CAC replace an
existing AC?

Yes 468
No 21

Table61. CAC Eligibility 2

What type of AC did it replace?

CAC 452
Window 4
Room 1

Participants who did not replace an existing air conditioning system and participants who replaced a room
or window air conditioning system were not eligible to receive a rebate for their ENERGY STARentral air
conditioner. So, in all, 5.2% (2 6 out of 4 89) respondents indicated that they received a rebate for an
ineligible CAC installation.
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Furnaces with ECM Fan Motors

In order to be eligible for an ECM furnace rebate through the 2009 CSRP, a participant had to install a
mid or high efficiency furnace with a fully variable speed electronically commutated motor that was listed
on the ECM Eigibility List compiled by the Heating, Refrigeration and Air Conditioning Institute of
Canada®" This eligibility condition was automatically verified through the online rebate submission
system. Contractors had to select the installed furnace from a list of eligible furnaces.

Furnaces also had to be installed as a replacement for an existing furnace. This was not verified through

the online submission process, so the participant telephone surveys included a question intended to

check that rebates were being paid to replace existing furnaces. In fact, the responses to the question

did not provide a conclusive answer to what fraction of rebated systems were being installed in new

homes. The question asked, AWhat tapditherespbnsehdatais i ng sy st
given in Table 62. Over 95% answered a specific central furnace type. Only a negligible fraction

responded that they replaced electric baseboard heating, but 3.3% answer ed 6Ot her 6 or O6Dor
refused to provide an answer. All of these could be the responses of participants that were installing a

furnace in a new home. This is not likely to be the case, however, as 78% of these respondents gave a

meaningful response to a question that asked how many years they had their previous system with 6 4%

giving a response of more than 5 years. Thus, if any respondents installed their new system in a new

home, it was less than 1.2%, and no respondents were confirmed to have been ineligible. For calculating

net savings for the 2009 CSRP, it wasassumed that all ECM furnacerebates were granted on eligible

installations.

Table62. Furnace Eligibility

What type of system did you

replace?

Electric Forced Air Furnace 6.8%
Natural G as Furnace 81.0%
Electric Heat Pump 1.6%
Qil Furnace 5.9%
Propane Furnace 1.1%
Electric baseboard 0.2%
Other 1.3%
Donét know 1.9%
Refused 0.1%

Programmable Thermostats

As can be seen inTable 63, 60.0% of respondents (who di d not respond O06Dondét knowo)
programmable thermostat installed before replacing it with another programmable thermostat for which
they received a rebate. Thus, the strict ineligibility fraction was 60.0%.

Frontier Associates LLC 80 2009 CSRP Evaluation Report



Table63. Thermastat Eligibility

What type of thermostat did the rebated

thermostat replace?

Programmable 60.0%
Non -Programmable Digital 15.5%
Mercury Thermostat 12.7%
Analog Thermostat without Mercury 5.0%
Other 6.7%

However, among the respondents that previously owned a programmable thermostat, there is a 2 7.9%
higher rate of use of the programming capabilities after the program than before. And so, the
percentage of respondents for which the CSRP did not have a positive effect on their programmable
thermostat usage is 43.3% (= (1-0.279) x 0.600).

In fact, Frontier decided that for programmable thermostats ineligibility should not be included as part of

the net-to-gross ratio. Ineligibility is somewhat artificial when computing the savings produced by a

program. | f a participantdés ineligibility makes it so that
energy consumption (e.g., the participant previously owned a programmable thermostat and use their

new thermostat just as they did their last), then savin gs for this participant should not be included in the

gross savings to begin with. And if a participant is ineligible but the program still causes them to reduce

their energy consumption (e.g., a participant previously owne d a programmable thermostat but finds the

new one easier to use and uses it more and that participantisnotafree-r i der ) , t hen the part.
savings should be included in the net savings of the program. Thus, Frontier did not use eligibility

explicitly in the determination of gros s and net impacts of the 2009 CSRP.As described in the Participant
Classificationsection, the gross savings for programmable thermostats included the total estimated

reduction in energy consumption produced by CSRRrebated thermostats. The net savings were then

determined using a net-to-gross ratio that accounted for free -ridership only.

FreeRidershipfrom Participant Surveys

Comparison to Free-Ridership From Evaluation of 2007 Program

| n Na v iEguhation&®sport (Final): 2007 Hot and Cool Savings Program™" they describe that their

method for determining the free -ridership was to assign each (hon-excluded) program participant that

responded to their telephone survey a free-ridership percentage. Free-ridership percentages of 0%,

25%, 50%, 75%, and 100% were assigned based on the responses to four survey questions as shown in

the figure below taken from Navigantodés 2007 Evaluation
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Figure26. FreeRidership Determinatiorfrom 2007 Evaluation

Table 14: Summary of Free-Ridership Determination for Programmable Thermostats Custormers
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While this table is specifically for programmable thermostats, Navigant explains that a similar
methodology was used for furnaces and air handlers and central air conditioners. Respondents were
categorized into one of the free -ridership groups given in the table if their responses to the given
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mat c h.

As
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various answer choices indicates that all of the questions must be answered for a customer to be
a hre gresi@rice of a line between responses (e.g.,
0% free Zidership) indicates that a customer can be categorized if ANY of the responses are answered

categorized in that specific free Zidership group, 0

(i .e., wit

above).0

h an

0 ORD
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[Note: This cannot be a complete description of the assignment process, as it would result in multiple
assignments for certain responses; for instance, everyone would be assigned to the 0% category on the

basis that

t hey

provided

any

response

t o

fi Wkrdntieo u t

assumed that the process starts with the assignment of the 100% and 0% categories and proceeds
inward to the 50% only if the respondent has not ye t fit a category. Frontier also assumed that there
was no line in the 50% category.]

The final step in the method is to take the average of the free -ridership percentages over all participants
(or the weighted average over the free -ridership groups). ®> Using this method, Navigant found the
following detailed results for programmable thermostats and general results for all rebated equipment.

5In fact, participants that were found to have been ineligible for the OPA rebate were not includeetitettshifenalysis.rdntier followed
this convention as well in the current evaluation.
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Figure27. Distribution of Partial FreeRidership from2007 Evaluation Report

Table 15: Distribution of Full, Partial and Zero Free-Ridership among Programmable
Thermostat Purchasers

Percentage of Programmable
Free Ridership Percentage Thermostat Participants
0% 21%
25% 12%
50% 15%
75% 15%
100% 37%
54% Weighted Average

Figure28. Calculated Fre®idership from 2007 Evaluation Report
Table 16: Summary of Calculated Free-Ridership of all HCSP Meastires

Free-Ridership
Measure Weighted Average
Energy Star CAC 48.0%
Programmable Thermostat 54.0%
Furnace with ECM 45.8%
CAC Tune Up 58.1%

Frontier attempted to recreate this determination of free -ridership for the 2009 program, but could not
follow the methodology exactly due to differences between the survey s used in the evaluations. In the
participant survey conducted for this evaluation of the 2009 program, the second question in the table

(AWere you already planning to installéd) was not aske
responses to the other three questions. Also, the fourth question was asked of all respondents, where as

for the 2007 evalwuation it was not asked to those who |
The only question that this raised was how to assignaresponde nt wi t h responses of HAReb:
Contractor WAS an i mportant factor, o AExtremely | ikely.
classified such respondents as 50% free-riders. Finally, the first question was asked in a different

fashion, by askingthere spondents to rate the |l evel of influence of
influenced at all o to AStrongly influenced, 06 and then
address this difference, Frontier performed the analysis under two assumptions. A respondent including

the factor in the response of the most important factol

influencedodo for the factor under the first assumption |
factor as the most importa nt under the second (Assumption 2).
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[It is also important to note that it is unclear whether a response regarding the importance of a rebate in
2007 did not need to be specified as a Hot or Cool Savings Rebate. In the 2009 survey, participants were
asked to rate the influence of the OPA rebate and other rebates separately, and only the responses
regarding the OPA rebate were used for the current analysis.]

The differences in the results based on these two assumptions are dramatic, as shown in Table 64; free -

ridership approximately doubles when changing assumptions from placing importance on a factor being

ranked as having fiStrongly influencedo a purchase deci
most important factor i n the decision.

Table64. 2009FreeRidership Using 2007 Evaluation Methodology

Free -Ridership Free -Ridership
Weighted Weighted
Average Average
Measure (Assumption 1) (Assumption 2)
Central Air Conditioner 20.8% 43.7%
Furnace 28.5% 57.0%
Programmable Thermostat 32.1% 60.9%

These differences are easily explained by the number of respondents giving responses that do not fit

easily into the categorization given. For instance, regarding central air conditioner purchases, nearly

25% of survey respondents indicated that while the CSRP rebate or the recommendation of a contractor
AStrongly influencedo their purchase decision, they wo
i kelyd to have spent t laeENERGYISTARaincanditiofed adthecCSRP$ 250 on
rebate not been available. Only about 2% of respondents made the same claims about their behavior in

the absence of the rebate offer while indicating that the CSRP rebate or a contractor was the most

important factor in their decision.

Frontier believes that Assumption 2 yields the more realistic free-ridership results as it does not hinge the

automatic assignment of 0% free -ridership upon the simple responses that the CSRP rebate or a

contractor |utnrcendg@! ypuirctfhase deci sions, regardless of t
to questions about purchase decisions in the absence of the rebate. The results under Assumption 2 also

more closely resemble the results from the 2007 evaluation, as can be seen from the weighted average

free-ridership values as well as from the similar distribution of participants by free -ridership category,

shown in Table 65 (compare to Figure 27).

Table65. 2009 Distribution of Partial FreRidership

% of Programmable % of Programmable
Thermostat Thermostat
Participants Participants
Free-Ridership Percentage (Assumption 1) (Assumption 2)
0% 54.8% 19.0%
25% 5.8% 9.7%
50% 13.1% 18.0%
75% 8.9% 15.3%
100% 17.4% 38.0%
Weighted Average Free -

Ridership 32.1% 60.9%
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The differences between these 2007 and 2009 free-ridership determinations indicate that central air
conditioner free-ridership rates have decreased slightly while free-ridership rates for ECM furnaces and
programmable thermostats have increased from previous years.

One of the approaches taken to see if there was a change in free-ridership was to compare the responses
to survey questions related to free-ridership from the 2007 evaluation to those from the 2009 evaluation.
Such a comparison isa similar exercise to the above comparison of free-ridership using the 2007
methodology, as that methodology was based directly on the r esponses to these survey questions.
However, the comparison of the responses to individual questions will provide a more detailed look at
how responses changed and how those changes affected the free-ridership.

The following charts show some of the impo rtant differences in responses from the 2007 and 2009
evaluations. Not e t hat in the Central Air Conditioner and
includes all 2007 participants that responded that they would have purchased qualifying equipment
without the OPA rebate, not just those that indicated that they would have made the same purchase. (It
is unclear which responses were used for the free-ridership calculation in the 2007 evaluation.) One can
see that there is a clear trend regarding central air conditioner rebates, with participants from 2009
responding in ways that show them less likely to be free -riders: they would be less likely to spend the
additional money or make the same purchase without the rebate and they indicated that the reb ate or
contractor were more often key factors in their decision. In fact, the differences in responses to the two
guestions regarding behavior in the case that there were no rebates are both statistically significant to a
high degree (almost 95% level). The difference in responses to the most important factor is not as
certain, but it is more likely than not that 2009 participants chose CSRP rebate or contractor more often.

Figure29. Self¢Report FreeRidership Responses f@eriral Air Conditioners
60.0%

50.0%

40.0%

30.0%

m 2007
m 2009

20.0%

10.0%

0.0%

Spend Extra: Same Purchase  Most Important
Extremely/Very Decision Factor:
Likely Rebate/Contractor

For participants receiving rebates for ECM furnaces, the trend is reversed and not as pronounced. In
fact, the differences are not statistically significant to a high degree, but they do suggest that an increase
in the true free -ridership is more likely than not, and they do a lot to explain the increase in the free -
ridership as calculated using the methodology of the 2007 evaluation. This would be especially evident if

Frontier Associates LLC 85 2009 CSRP Evaluation Report

ECM



the ASame purchase deci swasathe ractoa df padicipantsdhatindidatedthat2z 0 0 7
they would have made exactly the same purchase rather than the fraction that indicated that they would

have made exactly the same purchase or would have purchased another furnace with an ECM. Only

49% of 2007 respondents indicated that they would have made exactly the same purchase, compared to
64% in 2009.

Figure30. SelfReport FreeRidership Responses f&CM Furnaces
ECM Furnaces
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The data for programmable thermostats shows no clear trend. More participants indicated that they
would have made the same purchase without the rebate in 2007 than in 2009. However, the 2009
calculated free-ridership was higher than that calculated in 2007. This is likely due to the fact that more
participants mentioned that a rebate or a contractor was an important factor in 2007, which illustrates
the importance placed on that metric in the 2007 free -ridership calculation methodology.

Figure31l. SeltReport FreeRidership Responses fBtrogammable Thermostats

Programmable Thermostats
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[I't should be noted that the AMost I mportant Factor o c
the 2007 survey, participants were asked to list which factors were most important in their decision, and

then were asked which was most important if they had mentioned more than one factor. In the 2009

survey, participants were asked to rank the importance of a variety of factors from 1 to 4, and then were

asked which was most important of those ranked 4. Frontier believes that the results shown are

indicative of the true trend.]

Free-Ridership from Participant Surveys Based on New Criteria

As a second approach to determining the free-ridership ratio, Frontier developed a scoring system that

assigned values to eachresponsetoa vari ety of questions related to part
The scoring system assigned positive values to responses that suggested that the CSRP had an effect on

the decision to purchase qualifying equipment and negative values to responses that indicated that the

CSRP did not have an effect. The values for all responses for each individual survey respondent were

summed to determine if the participant was a free -rider or not. Participants with sums less than zero

were considered free-riders while those with sums greater than or equal to 0 were not. The number of

free-riders for each of the three equipment types was determined in this way using all participants that

were not excluded due to ineligibility.

The intensity of the effects on decision making were captured by the magnitude of the value assigned to
the response: responses associated with stronger impacts of the program were assigned larger positive
values, while responses associated with weaker impact of the program were assigned more negative
values. This method allowed not only for differences between responses to one question, but also
differences between the magnitudes of responses to different questions. Responses to questions more
directly related to the impacts of the CSRP could be assigned larger (positive and negative) values so as
to have a greater impact on the determination of free -ridership.

The details of the scoring system used are given in Table 66. Note that questions 1 and 2 in the tab le
are specificto ECM furnacesand centr al air conditioners, respectively
Ot her Rebatesd was actually a composite of a few quest.|

e What other rebates and tax credits did you receive?
e What were the amounts of the other reba tes and tax credits?
e To what extent were you influenced by the ecoEnergy rebate offer?

e To what extent were you influenced by a tax credit or other rebate offer?
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Table66. FreeRideiship Scoring System

15 15 Yes 20 Not at all likely 20 Replaced existing equipment
with a less efficient system

20 Strongly influenced 15 Inflqence of OPA rebate 5 Not important at all 15 Never
> influence of other

-10 Weakly influenced -3 O_ther rebates pr(_asent Somewhat important About half of the time
with no amount given

Influence of other
-10 rebate > influence of -5 Extremely important -15 All of the time
OPA
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Frontier performed three calculations of free -ridership using the sums of the scores of three subsets of
the questions shown in the table. The first free -ridership ratio (FR1) was calculated using all of the
guestions shown. The second (FR2) was calculated without including the last three questions in the
table. The third (FR3) included only the two questions pertaining to behavior in the absence of the OPA
rebate. Table 67 presents the results of these three calculations for each of the three rebated equipment
types. In general, this method produces very high estimates of free -ridership. One can see from the
results that the inclusion of effects of other rebates and the recent behaviors regarding energy efficiency
of participant respondents increases the free-ridership ratio substantially.

Table67. FreeRidership from Scoring System

FR1 FR2 FR3
Central Air Conditione r 49.5% 38.9% 64.2%
Furnace 79.4% 65.4% 78.2%
Programmable
Thermostat 78.6% 63.8% 68.6%
On the other hand, the inclusion of participantsdé eval

previous HVAC purchase decisions produces much lower freeridership values. Finally, perhaps most
telling, is that the two questions that directly ask customers to hypothesize on what they would have

done if the rebate had not been offered contribute to very high free -ridership ratios, which could be
viewed as good evidence that many participants did not view the CSRP as crucial to their decision, or as a
good example of the way that survey respondents often give responses that make themselves look good.

Free-Ridership from Contractor Interview

Frontier performed inter views with 16 of the top 60 contractors ranked by number of rebate claims.
These interviews included questions regarding the effect of the CSRP rebates on purchase decisions and
how the influence of the rebate has changed due to the economic downturn. A discussion of these
elements of the interviews is provided below. Overall, the feedback from contractors does not support
the generally higher free-ridership found through the analysis of the participant surveys. A large majority
of the contractors inter viewed view the CSRP rebate to be of crucial importance for air conditioners and
ECM furnaces and claim to have seen the influence increase for those equipment rebates due to the
economic downturn. In fact, data from all contractor sources suggest lower f ree-ridership and greater
impact of the CSRP than data from participant sources.

[I't should be noted, however, that as described in the
I ncentiveso section, the contr act onmesnpatdnsttanthesCSRPed t he f
rebate for furnaces and of roughly equal importance for air conditioners.]

Frontier Associates asked contractors about the importance of the CSRP program to purchases of energy
efficient equipment. The contractors specified the percentage of purchases for which they believed the
CSRP was key.
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Figure32. Percentage of Purchases of an ENERGY SERA&Rhere CSRP was Crucial

ENERGY STAR C
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70-80% 80-90% 90-100%

For 5 contractors, the CSRP was crucal to 90% to 100% of purchases. For fourteen contractors, the
CSRP was crucial to at least 6846 of purchases. One contractor stated that the CSRP was crucial to only
10% to 20%, and another contractor specified that the CSRP was crucial to only 30% to 40% of ENERGY

STARCACpurchases.
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Figure33. Percentage of Purchases of an ECM Furnace where the CSRP was Crucial

ECM Furnace
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0-10% 10-20% 20-30% 30-40% 40-50% 50-60% 60-70% 70-80% 80-90% 90-100%

Looking at ECM furnaces, 6 contractors said that the CSRP was crucial to 906 to 100% of purchases.
Twelve contractors felt that the CSRP was crucial to at least 60% of purchases. And two contractors said
that the CSRPwas important to only 10 % to 20% of purchases of ECM furnaces.

Six contractors said that the CSRP was crucial to 906 to 100% of programmable thermostat purc hases.
Nine contractors felt that the CSRP was crucial to 60% of purchases or above. Another four contractors

felt that the CSRP was crucial to less than 40% of purchases,

with one contractor stating that the CSRP

was crucial to only 0% to 10% of programmable thermostat purchases.

Frontier Associates asked contractors about the influence of the Cool Savings Rebate Program on
consumer purchases for rebated equipment. A substantial majority (11) stated that the CSRP has been
more influential on purchases for ENERGY STAR ACs since the start of the economic downturn. Three
contractors felt that the CSRP had not changed consumer purchases. No contractor stated that the rebate

is not as influential since the start of the economic downturn.
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Figure34. CSRP Influence on ENERGY STAR CAC Purchases since Economic Downturn

Has the CSRP been more or less influential on consume
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Figure35. CSRP Influence on ECM Purchases since Economic Downturn

Has the CSRP been more or less influential on consume
purchases for ECM Furnaces since the start of the
economic downturn?
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influential influential

Very similar to ENERGY STAR ACshe CSRP has been deemed as more influential on purchases since the
start of the economic downturn. Two stated there had been no change, and no contractors said the
rebate was not as influential as before the downturn.
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Figure36. CSRP Influence on Programmable Thermostat Purchases since Economic Downturn

Has the CSRP been more or less influential on consume
purchases for Programmable Thermostats since the
start of the economic downturn?
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For programmable thermostats, eight contractors stated that the rebate was more influential on
consumersé purchasing thermostats, and si X

In the feedback from contractors, one contractor expressed the opinion that customers installed

said

programmable thermostats because these types of thermostats were a technical requirement of the
higher end energy efficient equipment. Since programmable thermostats are very likely to be sold with

other pieces of equipment rather than as a sole purchase, the rebates would be less influential.

Figure37. CSRP Influence on Purchases of Rebated Equipment

Overall, has the CSRP been more or less influential ¢
consumer purchases for rebated equipment?

12

0

The rebate has been more  The rebate has been less No change
influential influential

For all rebated equipment, two-thirds of contra ctors (12) stated that the CSRP has been more influential
on consumer purchases since the economic downturn. Six stated no change and no contractors stated

that the rebates have been less influential.
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