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Abbreviations {see Appendix N: Glossary of Terms for definitions)

AHRI
ARP
ASHP
BPI
C&l
CAC
CBO
CEC
CFL
Cl
cMmp
cop
CPITD
CSP
DCV
DHP
ECM
EDC
EE&C
EEMIS
EER
EFLH
El
EIC
EM&V
EMS
EPS
FDSI
GNI
GSHP
HOU
HPWH
HSPF
1Q
ISR
JACO
KAMSs
kw
kWh
M&V
MW
Mwh
NTG

Air-Conditioning, Heating, and Refrigeration Institute

Appliance Recycling Program
Air-source heat pump

Building Performance Institute
Commercial and industrial

Central air conditioner
Community-based organization
California Energy Commission
Compact fluorescent lighting
Capacity index

Custom measure protocol
Coefficient of performance
Cumulative program/portfolio inception-to-date
Conservation services provider
Demand control ventilation

Ductless heat pumps

Electrenically commutated motor
Electric distribution company

Energy efficiency and conservation
Energy Efficiency Management Information System
Energy efficiency ratio

Equivalent full load hours

Efficiency index

Eic | Comfort Home

Evaluation, measurement, and verification
tnergy management system
E-Power Solutions

Field Diagnostic Services, Inc.
Government, non-profit, institutional
Ground-source heat pump
Hours-of-use

Heat pump water heater

Heating seasonal performance factor
Incremental quarter

In-service rate

JACO Environmental Inc.

Key account managers

Kilowatt

Kilowatt hour

Measurement and verification
Megawatt

Megawatt-hour

Net-to-gross

PPL Electric | Page ii
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oDC Opinion Dynamics Corporation

oLsS Ordinary least squares

PUC Public Utility Commission :
PV Photovoltaic '
PYTD Program/portfolio year-to-date

QA/QC Quality assurance/quality control

RAP Resource Action Program Inc.

RTF Regional Technical Forum '
RTS Residential Thermal Storage

SEER Seasonal energy efficiency ratio

SSEMVP Site specific evaluation, measurement, and verification plan
SVG Savings factor (typically used to estimate savings for lighting controls)
SWE Statewide evaluator

TRC Total Resource Cost

TRM Technical Reference Manual

USP Universal Services Program

VSD Variable speed drive

WRAP Winter Relief Assistance Program

-
PPL Electric | Page iii



11/15/2011 [DRAFT] |Quarterly Report to the PA PUC

1 Overview of Portfolio

Act 129, signed October 15, 2008, mandated energy savings and demand reduction goals for the largest
electric distribution companies (EDCs) in Pennsylvania. Pursuant to those goals, energy efficiency and
conservation (EE&C) plans were submitted by each EDC and approved by the Pennsylvania Public Utility
Commission (PUC). This annual report documents the progress and effectiveness of the EE&C
accomplishments for PPL Electric for Program Year 2.

The following outlines the compliance goal progress as of the end of the reporting period:
Cumulative Portfolio Energy Impacts?

» The cumulative program/poitfolio inception-to-date (CPITD) reported gross energy savings are
533,526 MWh/yr,

» Reported energy savings to date are approximately 140% of the May 31, 2011 compliance target
{382,000 MWh/yr) and approximately 47% of the May 31, 2013 compliance target (1,146,000
MwWh/fyr).

e The CPITD verified energy savings are 509,361 MWh/yr.

e CPITD verified savings are 133% of the 382,000 MWh/yr May 31, 2011 energy savings
compliance target.” Therefore, PPL Electric achieved its 1% energy reduction compliance
target.

s CPITD verified savings are 44% of the 1,146,000 MWh/yr May 31, 2013 energy savings
compliance target.?

e The CPITD reported participation is 221,557 participants® excluding the compact fluorescent
lighting (CFL} Campaign, and approximately 869,143 participants”® including the CFL Campaign.

Portfolio Demand Reduction

s The CPITD reported gross demand reduction is 69.46 MW, which is approximately 23% of the
September 30, 2012 compliance target (297 MW]).

¢ The CPITD verified demand reduction is 65.64 MW.”

e The CPITD verified demand reduction is 22% of the 297 MW May 31, 2013 compliance target.?

! The percentage of compliance target achieved was calculated using verified gross cumulative program/portfolio
inception-to-date (CPITD) values {or, if not available, preliminary verified gross values) divided by the compliance
target value.

? The CPITD is the most meaningful performance metric to compare to compliance targets.

® This is based on the number of transactions (rebate forms). Note that a customer transaction may include
multiple measures. Also, a customer may submit multiple transactions and, by definition, could be counted as a
participant more than once.

* See Table 1.3 for an estimate of CFL participants.
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Low-Income Sector ,
|

¢ There are 102 measures offered to the low-income sector, comprising 50% of the total
measures offered. That percentage significantly exceeds the compliance requirement of
8.64%.

s The CPITD reported gross energy savings for low-income sector prograriws (excluding low-income
customer participation in non-low-income programs} is 7,962 MWh/yr.

» Including low-income customer participation in non-low-income programs, the CPITD reported
gross energy savings for low-income sector programs is 32,042 MWh/yr.

e The CPITD verified energy savings for low-income sector programs (excluding low-income
customer participation in non-low-income programs) is 8,310 MWh/yr.}

* Including low-income customer participation in non-low-income programs, the CPITD verified
energy savings for low-income sector programs is 32,562 MWh/yr.

Government, School, and Non-Profit Sector

¢ The CPITD reported energy savings to date for government, school, and non-profit sector
programs are 46,252 MWh/yr, which is approximately 121% of the May 31, 2011 compliance
target (38,200 MWh/yr) and approximately 40% of the May 31, 2013 compllance target
{114,600 MWh/yr). The compliance targets are based on verified savings.

¢ The CPITD verified energy savings for government and non-profit secto}' programs are
41,461 MWh/yr.?

e CPITD verified savings are 109% of the 38,200 MWh/yr May 31, 2011 erﬁergy savings compliance
target.” Therefore, PPL Electric achieved its institutional {government, schools, and non-
profits) compliance target for May 2011. |

e CPITD verlffed savings are 36% of the 114,600 MWh/yr May 31, 2013 energy savings compliance
target

e CPITD verified savings are 32% of the 29.7 MW May 31, 2013 demand reduct:on compliance

target. »

Program year portfolio highlights as of the end of the reporting period are as follows:

» The program/portfolio year-to-date {PYTD) reported gross energy savmgs are 452,070 MWh/yr.

e The PYTD verified energy savings are 425,208 MWh/yr.?

e The PYTD reported gross demand reduction is 63.30 MW.

e The PYTD verified demand reduction is 58.32 MW.*

« The PYTD reported participation is 190,716 participants in all programsi{excluding the CFL
Campaign). ‘

There are 14 programs in PPL Electric’s portfolio that were approved in the EE&C Plan. All programs
except the New Home Program have been launched. The PUC has determined that Time-of-Use (TOU)
Program savings do not qualify for Act 129 EE&C because TOU is funded by Default Supply, not Act 129
EE&C. Ten programs claimed savings in PY2.

PPL Electric | Page 2



11/15/2011 |Quarterly Report to the PA PUC

s The Appliance Recycling Program {ARP) offers customers incentives to turn in their outdated
refrigerators, freezers, and air conditioners.

e The Efficient Equipment Incentive Program offers prescriptive rebates to residential and non-
residential customers.

e The Custom [ncentive Program offers custom incentives to non-residential customers per
kilowatt hour (kwh) saved in the first year of participation.

e The CFL Campaign is an upstream program that offers incentives to manufacturers to buy down
the cost of CFLs; manufacturers and retailers then lower the cost of CFLs to consumers.

s The Renewable Energy Program encourages PPL Electric customers to install a solar photovoltaic
(PV) array or ground-source heat pump {GSHP) through financial incentives that reduce the
upfront system costs.

¢ The Low-Income Winter Relief Assistance Program {WRAP) provides weatherization to low-
income customers, with Act 129 funding expanding the existing low-income usage reduction
program.

e E-Power Wise provides low-income customers with information about energy use, as well as
with home-energy kits.

» The HVAC Tune-Up Program offer services to all commercial and small industrial customers with
an existing split or packaged HVAC rooftop unit(s).

» The Home Assessment & Weatherization Program provides residential customers with
information about their home's energy performance and gives recommendations on the most
effective, highest priority actions they can take to save energy in their home,

» The Energy Efficiency Behavior & Education Program encourages customers to take energy-
saving actions by sending periodic reports with energy saving tips and comparisons of their
usage to other peer customers.

The Direct Load Control Program and Load Curtailment Program will only cfaim savings from June 1 to
September 30, 2012, since that is the only period when peak load reductions apply. The Direct Load
Control Program started to recruit participants during PY2 Q4.

Figure 1.1 shows the quarterly progress of PPL Electric’s suite of energy efficiency programs. This figure
provides a rough benchmark comparing ex post verified savings to targets.

PPL Electric | Page 3
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Figure 1.1. CPITD Ex post Verified Energy Savings by Quarter, Relative to May 2011 and May 2013 Compliance Targets

Cumulative Ex Post Verified MWh/yr Savi:ngs
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Figure 1.2 shows progress towards the May 2011 planning targets by program. Note that although the
May 2011 energy savings goal is 382,000 MWh/yr, the PPL Electric EE&C Plan projected 419,907
MWh/yr in savings. The first two years of Act 129 demand-side management activity resulted in 509,361
MWHh/yr in energy savings.
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Figure 1.2. Progress Towards May 2011 Planning Targets by Program, Showing Verified £x post Savings

CPITD Verified Ex Post MWh Progress Toward
Planning Targets, by Program
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1.1 Summary of Portfolio Impacts

A summary of the portfolio reported impacts is presented in Table 1.1. Reported gross impacts reflect
savings reported in PPL Electric’s tracking database®. Those reported ex ante savings from the tracking
database have been adjusted, where necessary, to reflect differences between the methods used to
determine savings in the tracking database and the methods in the Technical Reference Manual (TRM),
or to reflect data capture errors. This adjustment is explained in more detail in the program chapters.

The ex ante adjusted savings were used to calculate verified savings. In this report, verified ex post
savings include only the measures that meet the following criteria: {1) a TRM or custom measure
protocol (CMP) was approved for the measure, and (2) ex post verification activities are complete.

* Because the peak load reduction was determined at the system or generation level, reported peak load
reductions have been adjusted to reflect transmission and distribution losses.

PPL Electric | Page 5
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Table 1.1: EDC Portfolio Impacts Through the End of the Reporting Period

_ R _ o ) . S . Total Energy Sawngs ' Total bemand Rediction
impact Type. . _{(Mwh/yr) | (Mw)
Reported Gross Impact: rlncremental.Qua-ri-:erl\-(_ ) ] 138,720 19.06
Reported Gross Impact: Program Year-to;Date: 452,070 63.30
Reported Gross Impact Cumulatwe Portfolio’ Inceptron-to Date[ - 533,526 I £69.46
Adjusted Ex antelmpact: lncremental Quarterly . - . 129,455 16.50
Adjusted Ex.ante Impact: Program-Year-to-Date™ - 446,218 r 65.68
g:{;sted Ex ante, Impact .,-(liurrnulatwe Portfohpwlncveptron -to 530,381 7299
PYTD Unverifled: Ex post Savings'! 123 ‘. 0.03
Estimated.Impact: Projectsin.Progress™ B 11,789 ‘ 2.84
Estifnatedt]mpacr: PYTD Totzl Committed. 463,859 : 66.14
PYTDVerified Impaci® _ 425,208 58.32
CPITD Verified tmpact™ 508,361 : 65.64
PYTD, Net Impact®? 317,997 ‘ 43.15
CPITD Net Impact® ' , . 379,096 f 48.01
NOTES::

[ai CPITD is the. mcst meamngfu] performance metnc to compare to compllance targets !

rnstalled through the program {E.onnage effi iciency,, and geographrc Iocatson), or to reﬂect drfferences betWeen the method used to detefinine
savings in thethkmg systern and the methodiin.the TRM.
[c]iUnverlﬁed eX post. sawngs are pending approval of S TRMiProtécol of CMP: by.the Commission. In: addmon, unverified savings'are those with
an approved protocol but whu:h have.not yet-been verified.
[d] Projects in:progress are- defi ned as projects where the measure has nat been installed, the measure has been instdlied: but is.not yet
Operable of thie ratiate theck-has not yet been issued: For purposes of this report, only. projects under the Costom Incentive Program are
_included: in this summary :

[E] This isthe portfalio verified:impact, which is calculated by 2ggregating BYTD verified impécts, .

[f] Thisisthe portfollo fet impacy; s which is calculated by aggregating program- net‘smpacts The' evaluation, measurement, and verification
} (EM&V) consérvaticn sefvices provider (CSP] caltulatéd program-het-impacts by,must:p!ymg PYTD; verified :mpacts by program:net-to-gross
. {NTG)+dtios. The NTG information is oniy,used td improve prograii design: NTG is fiof Used for complignce purposes

A summary of the portfolio cost-effectiveness evaluation (the Total Resource Cost (TRC) test) is
presented in Table 1.2.

Table 1.2: Verified Preliminary Portfolio Total Evaluation Adjusted Impacts Through the End of the Reporting Period

TRC Category ) ‘ _igh! _ pyTpit CPITD
_TRC Benefits {$) Not required $370,636,979 ! $399,872,622
_TRC.Costs (3) Not required $214,671,053 | $226,296,331

173 1.77

TRC BenefiflCost'Ratio_
" NOTES: T
{a]. Based on,verified pross ex post savangs _ .

A summary of portfolio finances is available in Section 1.5.

PPL Electric | Page 6
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1.2 Summary of Energy Impacts by Program
A summary of the reported energy savings by program is presented in Figure 1.3.

Figure 1.3: CPITD Reported Gross Energy Savings by Program Through the End of the Reporting Period

CPITD Gross Reported Energy Savings by Program
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A summary of the energy impacts by program through PY2 Q4 is presented in Table 1.3 and Table 1.4.

Table 1.3: EDC Reported Participation and Gross Energy Savings by Program Through the End of the Reporting Period

Reported Gr‘c;s'ﬁ Impact
Participants {MWh/yr)™ B
Program ) o | pYTD CPITD [o] i PYTD CPITD

Appliance Recycling Program 4,657 13,083 17,823 8,678 24,867 33,936
Compact Fluorescent Lighting Campaign®™ | 96928 | 454795 | 647,566 31,077 146000 | 207,838
Custom incentive Program 23 54 55 10,463 16,139 16,178
Energy Efficiency Behavior & Education 50,000 50,000 50,000 12,699 12,699 12,699
Program

Efficient Equipment Incentive Program | 46,255 113,747 138,834 32,383 58,968 67,042
Efficient Equipment Incentive Program 529 1,996 1,996 38126 | 175329 | 175,329
{C&i Lighting)

PPL Electric | Page 7
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o ’ Reborted%é&bssr'lrﬁpact
Participants . C (Mwhyr)?!

Program. m | eap | o | . PYTD CRITD
E-Power Wise'Program 797 4,050 4,050 342 | 1,737 1,737
Low-Income WRAP 1,126 4,455 5,104 1,435, 5,469 6,224
Renewable. Energy Program 107 1,329 1,713 2,698 9,537 11,219
MVAC Tune:Up Program s67 711 711 414 468 468
P”:;)";f,a;f’gss-me"t&ﬂWea!he”zaﬂ-""‘ 639 1,291 1,291 406 : 857 857
TOTAL PORTFOLIO 201,628 645,511 869,143 138,72() 452,070 533,526
NOTES

la}!Reported gross tmpacts reflect-savihgs diréctly from PPL Etectric’s Energy Efficiéncy Management Informatnon System (EEMIS) reporting

database

iBY: AS an.upstream'program, exact participation in the. Compact, Fluorescent Lighiting Campalgn is not known! The, EMBV CSP es;:mated the
number of CFL participants by dividing the total numbér of. bulbs discounted (651,357 in'PYZ Q4; 889 668 in PYZ Q3; 988,915:in.PY2 Q2;
526,29610 PY2'Q1; and 1, 342,595 in PY1) by a GFL-per:garticifant.valié derivéd.fiom the customer telephone survey data (6.7 bulbs in'PY2'and
7.0 bulbs in PY1). The CFLcount reﬁects the'total; Aumber of program butbs; mcludmg dlscoumed bulbs soid at retail stores and bulbs

distributed:at give-away events.

Table 1.4: EDC Reported Gross Unverified Energy Savings and Projects in Progress by Program 'Ifhrough the End of the

Reporting Period

PYTD EE&E Plari
Unverified Ex. Projects In Total Estimate for Estimate
post Savings Progress Committed | Program Year Committed’

“Program (MWhE | My (MWH fye)l {MWh/yr) (%)

— B L

Appliance Recyéling Program - - 24,867 35311 70%

Compact Fluorescent Lighting - - 146,000 | 92,742 157%
. Campaign '

_Custom Incentive Program __ 123 11,789 27,928 , 31,657 88%

Energy Efficiency Behavior & ~ ) 12,699 | 4,525 2815

Eduction Prograim

Efffctent Equiprient Inténtive _ ) 58,968
OB 160,784 146%

Efficient Equipment Incentive, _ R 175,329 I

_Program (C&I Lightirig), : ,

E-Powar, Wisé Program - 1,737 © 353 493%
. Lowiintome WRAP - - 5,469 | 4,423 124%

1

Rehewabla Energy Program - - 9,537 | 4,624 206%
_HVAC Tuhé-Up'Prograrn - - 468 . 5.042 9%
Home Assessment & . - 857 1 50%

Weatherization Program. |

TOTAL PORTEOLIO. 123 11,789 463,859 '341,182 136%

PPL Electric | Page 8
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PYTD EE&CPlan
Unverified Ex Projects In Total EStimate for Estimate
post Savings Progress Committed. " ProgramYear [ Committed
Program Mwhfyd™ | awhy® [ Mwhin | awhiyd . [ (%)
NOTES:

[a]Unverified ex post: saumgs are pending approval ofa TRM Protocol or CMP by the Commission..In addition; unverified savings are those with
an approved:protocol ‘ut which have not yet been verified. in this report, these include, for example, commerciat lighting installations:

[b] This column reflects energy efficiency. projects currently being processed'and tracked:by PPL Electric, but that were. not complete at the
time'of this répart. A complete project is definéd-as a onie in'which: {1) the' measure has béen msta!ted (2) the:measureis commercially

operable, and {3) a-rebate check has been. lssued Not alf projects that are in progress will be completed

" {c] This reﬂect the estimated gross impacts, mcludmg reported-impacts and in-prograss- :mpacts, beginning June 1, 2010 through-the end of the

program year.

A summary of evaluation verified energy impacts by program is presented in Table 1.5 and Table 1.6.

Table 1.5: PYTD Energy Savings by Program Through the End of the Reporting Period

" PYTD ) PYTD Verifiad
Reported PYTD Impact {see- ‘
Gross; Adjusted Ex PYTD note:2'in. PYTDINet
tmpact ante iImpact Realization Section 1) PYTD: | impact
Program _(Mwhiyn)® | imwh/yn® Rate! (MWh/yr). NTG:Ratio | (MWHh/yr)
Appliance Recycling 24,867 24,934 100% 24,934 61% 15,144
Program
C t Fi
ompact Fluorescent 146,000 148,000 100% 146,000 77% 112,420
Lighting Campaign
Custom Incentive 16,139 16,139 104% 16,676 31% 5,170
Program
Energy Efficiency
Behavior & Education 12,699 12,699 105% 13,286 100% 13,286
Program
Efficient Equipment
. 58,968 57,715 84% 48,294 55% 26,385
Incentive Program
Efficient Equipment
ncentive Program {C&I 175,329 169,108 92% 155,515 85% 132,359
Lighting)
E-Power Wise Program 1,737 2,589 82% 2,123 100% 2,123
Low-Incormne WRAP 5,469 5,469 99% 5,432 100% 5,432
Renewable Energy 9,537 10,232 115% 11,788 38% 4,506
Program
HVAC Tune-Up Program 468 468 100% 468 100% 469
Home Assessment &
Weatherization 857 866 80% 693 102% 704
Program
TOTAL PORTFOLIO 452,070 446,218 95% 425,208 75% 317,997
NOTES: o
[a].Reported gross impacts reflect savings directly from PPL Electric’s EEMIS réporting database:
[b] Adjusted ex onte reflect savings adjustments that account for data errors {such as duplicate records}or information about the
systems installed through the program [zonnage, afficiency, and geographic iocation). Adjustments, for systems account for differences
between planning assumplions and installed equipment, and.rely solely oninformation collected in the EEMIS tracking database.
[¢] The realization rate reported here includes both verified and unverified ex post savings. _
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Table 1.6: CPITD Energy Savings by Program Through the End of the Reporting Period

(&) REported gross impacts reflect savifigs diréctly.froi PPL Eléctri¢’s EEMIS reportifig database.
5] Ad;USted ex.ante: reﬂect savings adjustments-that,account for, data errors (such as duphcate fecords) or mformat:on about the
sy'stems installed- through the program (tonnage, efﬁcnency, and geographu: locatlon) Adjustrl’lents for svstems dccount for
dlfferenCES between; ptannmg assumptions and installed equipment, and rely solely on'mformatton collected|in the EEMIS tracking

database

[c).The reafization rate feported here.includes'6oth verifiéd dnd driverified ex post.savings.

cPITD " CPITD Verified,
Reported CRITD A Impactisee. |
Gross Adjusted Fx CPITD note 2'in . CPITD Net
impact ontelmpact ;Realij;gtion» Section:1) fCPITD Impact
_ Program {Mwhiyr? | (Mwh gy Rate's {MWh/yr) | NTG Ratio | (MWh/yr)
Apgli i ' ’
ppq iance Recycling 33936 34171 100% 34,171 ' 60% 20,408
>rogram . .
‘Compact:Fluorescent 207,838 207,838 100% 207,838 ©78% 161,890
Lighting.Campaign. .
- = :
 Custom Incentive 16,178 16,178 104% 16,732 31% 5,187
_Program
Energy Efficiency |
Behavior. & Education 12,699 12,699 105% 13,286 1100% 13,286
Progfam .
Efficient Equipme i
icient Equipment 67,042 67,184 86% 57,771 . 54% 31,222
Incentive Program ‘
Efficient Equipment
Incentive Program (C& 175,329 169,108 92% 155,515 | 85% 132,359
Lighting) s
E-Powér Wise Program 1,737 2,589 82% 2,123 100% 2,123
Low:Income.WRAP 6,224 6,224 99% 6,187 1100% 6,187
R -
enewable.Energy 11,219 13,057 112% 14,578 ' 36% 5,259
_Program |
HVACG Tun’e_Up Rrogram 468 468 100% 468 | 100% 469
Home Assessment & '
Weatherization 857 866 80% 693 ,102% 704
_Program ] )
"TOTAL PORTFOLIO 533,526 530,381 96% 509,361 , 74% 379,096
{ NOTES: - o I T T i a

|
!
7
\
|
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1.3 Summary of Demand Impacts by Program
A summary of the reported demand reduction by program is presented in Figure 1.4.

Figure 1.4: Reported Demand Reduction by Program Through the End of the Reporting Period

CPITD Gross Reported Demand Reduction by

Program
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A summary of demand reduction impacts by program through PY2 Q4 is presented in Table 1.7 and
Table 1.8.

Table 1.7: Participation and Reported Gross Demand Reduction by Program Through the End of the Reporting Period

Reported Gross Impact
Participants Mmw)
Program 1Q PYTD CPITD 1Q PYTD: CPITD
Appﬁa hce Recyc[ing Program 4,657 13,083 17,823 1.63 4.82 6.29
Compact Fluorescent Lighting Campaign™ | 96,928 454,795 647,566 1.85 8.71 12.39
Custom Incentive Program 23 54 55 1.20 3.00 3.00
E : havior -
PHETgV Efficiency Behavior & Education 50,000 50,000 50,000 i i
rogram
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: sn pYZ 0,1 and 1, 342

. Bivesaway évents: . .

" détefmined at-the systerh cngenerat: n:

“ ST N Repurted Grossimpact
____Partitipants __ (W
‘Brogram. I PTD. | cpiTD: Q@ . | pviD CPITD
_Efficient Equipment‘Inceﬁtive:Program 46,255 113,747 138,834 4.52 | 7.95 8.86
'(E&clazr;;m:t}pmen;|n_cent_i\;e-Program 529 1,996 1,996 8.4 ‘[ 35.83 35.83
E-Povier Wise Program 797 4,050 4,050 0.05 0.24 0.24
Lowiliicome WRAP 1,126 4,455 5,104 0.18 0.67 0.77
Rénewable Energy Program 107 1,329 1,713 070 ' 1.42 1.56
HVAC Tun@:Up Pragram 567 711 711 0.48 0.a8 0.48
;':’O“g";‘:se“me”t&Weathe”zat'c’” | e 1,291 1,291 0.02 ] 0.04 0.04
TGTAL BORTEOLIO 201628 | 645511 | 869143 19.06, 63.30 69.46
NOTES - N ST

[a]wRepor‘ted gross impacts reflect savmgs diréctly froin PPL £Iectr|c s EEMIS reporting database, however; becalse the peak load reduction was
levél, reported.peak load: reductlons have been adjusted'to feflect transniission and distribution ossés.
[b} AS an upstream prégram, ‘exact’ parttcspaﬂon in the Cormpact.Fluorescent Lnghtmg Campalgn is not known. The EM&V CSP-estimated the
number of CF!. part:c ants By dwldmg the total number of bulbs discounted {651,357 PY2 Qa, 889, 668 in.PY2 Q3 988,015,6Y2 Q2; ‘526,296
95 in P'r‘l] bya’ CFL-per—parncmpant value defived from'the customer-téleplione survey data 6.7 bulbs in'PY2 and: 7.0

" bulb in: PY1) The' CFL count reflects thé total number. of. programbulbs; includifg discounted:buths sold at Fetail Stores aid bulbs distributed at

Table 1.8: Reported Gross Demand Reduction by Program Through the End of the Reporting Pe:riod

|

: PYTD EE&C Plan
¢ Univerified.£x Prajectsin Total [Estifhate for Estimate.
L _postSavings Progress {Committed Program. Year Committed
.Prograni SO U (. Skl N (. (Mw) (Mw) %)
Appliance Recycling Program - - 492 9.05 122%
’Cf:mpa.ct.FIuorescenvLrghtmg ) A 871 14.49 0%
Campaign i
_Custom Incentive Rrogram 0.03 2.84 5.84 6.04 97%
Ehergy Efficiéricy.Behavior &  ° :
Education Program 0.51 0%
Efficient E§uipment.Incentive !
Program: . . 733 )
28.
Efficient’ Equtpment Incentive _ . 35.83 | 67 153%
Program:(C&I nghtmg) ’
E:Power Wise Program: - - 0.24 0.05 487%
Low-Income WRAP - - 0.67 0.69 98%
Renewable Energy.Program’ - - 1.42 0.50 283%
HVAC TuneiUp Program - - 0.48 2.61 18%
Horme-Assessment &
L - - .04 .
WeatherizatioriProgram____ 0.0 P 17 25%
TOTAL PORTFOLIO 0.03 2.84 66.14 57.79 114%
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) PYTD EERC Plan
Unverified Ex. Projectsin | Total Estimate for. Estimate;
post Savings Progress © Committed . Program Year Committed
Program: {iw)ek Bl ™ | (MW} ‘ {MW) (%)

‘NOTES:

[a} Unverified.ex post savings are pending approval of a TRM frotocol-ar,CMP by the Commission.

[bl:Because the peak load reduction. was determined at.the systém or. generation level, reported peak load reductions reflect transmission and
distribution losses:

{c] The RPYTD total committeéd demand réduction is onty sixty percent of the EE&C plan’s estimated demand reduction dug to differences in
coincigence factors. Specifically, the PYTD total.committed demand reducticn:is calculated:using a coincidence factor of 0.476 from the TRM,
whereas the EE&C planidemand reduction was catculated using a coincidence factor of 1,357,

A summary of evaluation adjusted demand impacts by program are presented in Table 1.9 and
Table 1.10.

Table 1.9: Verified PYTD Demand Reduction by Program Through the End of the Reporting Period

- PYTD Veérified
PYTD Impact (see o
PYTD Reported. | Adjusted Ex PYTD . noteZin - PYTD Net
GrossImpait | dntelmpact | Realization Section 1) PYTD i I'{g?_é_ct;
Program (Mw)®! M) Rate! {(MW) | NTGRatio: :| _(MW) _ .
Appliance Recycling .92 5.17 100% 5.17 61% 314
Program
Compact Fluorescent
Lo \ 3.71 871 100% 871 7% 6.70

ﬁhtmg Campaign
Custom Incentive Program 3.00 3.00 69% 2.03 31% 0.63
Energy Efficiency Behavior ) i i . N/A i
& Education Program
Efficient Equipment 7.99 9.90 82% 8.14 55% 445
Incentive Program
Efficient Equipment
Incentive Program (C&I 35.83 34.96 87% 30.39 85% 25.86
Lighting)
E-Power Wise Program 0.24 0.24 74% 0.18 100% 0.18
Low-Income WRAP 0.67 0.67 95% 0.67 100% 0.67
Renewable Energy 1.42 2.44 100% 2.45 38% 0.94

. Program
HVAC Tune-Up Program 0.48 0.48 100% 0.48 100% 0.48
Home Assessment & 0.04 0.11 90% 0.10 102% 0.10
Weatherization Program
TOTAL PORTFOLIO 63.30 65.68 89% 58.32 74% 43.15
NOTES: -
[a] Reported gross impacts reflect savings directty from PPL Electric’'s EEMIS reporting database, however, because the.peak load reduction
was determined at the system or generation level, reported peak load reductions have been adjusted to reflect transmission and
distribution.losses.
[b] Adjusted ex.ante reflect savings adjustments that account for data errors (such as duplicate records) ér.information abeut'thé systérns
installed through the program [tonnage, efficiency, and geographic location}. Adjustments for systems account for differences between
planning assumptions and.installed equipment, and rely solely on.information collected in the EEMIS tracking database.
[¢] The realization rate reported here includes both verified and:unverified ex post savings.
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Table 1.10: Verified CPITD Demand Reduction by Program Through the End of the Reporting Period

‘CPITD
Verified i
CPITD: CPITD ; Impact (see’ |4
Reported. | AdjustedEx |  CPAD note2in | CPITD Net
-Gross Impact | ontelmpact | Realization Sectionl1) | -CPITD impact
. Program (MW" (Mw)® | Rate® {MW) [, NTG Ratio (Mw)
N N R' XT3 " T
Appliance Recycling 6.29 7.11 100% 7.11 60% 4.25
Program
" Compatt Fluoreséent '
12.39 12.39 100% 12.39 78% 9.65
Lighting Campaign
Custom Incentive Program 3.00 3.00 69% 2.04 bo31% 0.63
Energy. Efficiency Behavior i i I N/A )
& Educatich Program ) ) ;
Efficient Equipr ;
ficient Equipment 8.86 11.04 84% 9.30 | sa% 5.04
Incentive Program. i
Efficient Equipment '
Incentive Program.(C&I 35.83 34.96 87% 30.39 ! 85% 25.86
Lighting) |
_E-Power Wise'Program 0.24 0.24 74% 0.18 | 100% 0.18
Low-Income WRAP™ 0.77 0.77 99% 0.76 o 100% 0.76
R {Energy
RenewableiEnergy 1.56 2.90 100% 2.90 l 36% 1.06
Program. )
HVAC Tune-Up Program_ 0.48 0.48 100% 0.48 I 100% 0.48
A - ¥
Home Assessment & 0.04 0.11 90% 0.10 | 102% 0.10
Weatherization Program
TOTAL PORTFOLIO 62.46 72.99 50% 65.64 { 73% 48.01
NOTES: ’ § = - =
la] Repnrted‘gro&s impacts réflact: 5avmgs d:rectly from PPLElBctiic’s EEMIS réporting database, hnwever because thé peak load réduction:
wis detérmined;atthe system or generation fevel,. reported pedk load reductions have been. adjusted to reﬁect transmission.and
distribistion:losses:.
[t]- Adjusted ex anté reflect savings adjistments that sccount for, data érrors (such'as dupllcate records) or. inIormatn:m about the systems
mstalled through i the program (tunnage .efficiency; dnd geograph;c Iocatlon) AdjustmEnLS for Systems acm”f"‘ for. différences between
plannang assumptnons and:installed equlpment and: rely solely on mformatson collected in the EEMIS trackmg databasde.
_{€] Thé Fealization raté reportad here includes both.verified and inverified ex post savings. o o

1.4 Summary of Evaluation
The evaluation, measurement, and verification (EM&V) conservation services provider (CSP) calculated
realization rates. The realization rate is defined as the percentage of ex ante adjusted savings achieved,
determined through the independent evaluation review. A realization rate of 1;(or 100%) indicates there
is no difference between the ex ante adjusted savings and verified savings, as nﬁeasured by independent
evaluators. Realization rates were determined by certain attributes relative to one of three protocol
types:
|
1. Fully deemed TRM measure realization rates are driven by drfferences |n the number of installed
measures.
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2. Partially deemed TRM measure® realization rates are driven by: (1) differences in the number of
installed measures, and (2) differences between the reported and actual values of the open

variables.

3. Custom measure realization rates are driven by differences in the energy savings determined by

approved protocols. The protocol type determines which data are sampled.

1.4.1 Impact Evaluation

The realization rates for each program are presented in Table 1.11. PYTD sample participants include the
measures in the samples selected for verification activities, including records reviews, surveys, and site
visits. The sample included participant measures that were inciuded in one, two, or all three verification

activities.

The Efficient Equipment Incentive Program participants reflect the number of measures installed. A total
of 480 measures were verified through quality assurance/quality control (QA/QC) activities, which
included documentation and records reviews, surveys, and site visits. Some of these measures were

verified by more than one of these methods. Sampling is addressed in Appendix L.

Table 1.11: Summary of Realization Rates and Confidence Intervals for kWh/yr

Realization Realization
Rate Confidence and Rate Confidence and
Program {kWh/yr) Precision (kWh/yr) {kw) Precision (kW)
+2% precision with 50% +2% precision with 90%
Appliance Recycling Program 100% confidence 100% confidence
+12 percent with 95%
Behavioral and Education Program 105% confidence NA NA
Compact Fluorescent Lighting
Campaign 100% NA 100% NA
+1 percent precision +5 percent precision
Custom Incentive Program 104% with 90% confidence 67% with 90% confidence
Efficient Equipment Incentive +7% precision with 85% +7% precision with 85%
Program 73% confidence 82% confidence
Efficient Equipment Incentive +10% precision with 90% +7% precision with 90%
Program{C&i Lighting} 90% confidence 87% canfidence
+6% precision with 85% 11.4% precision with
E-Power Wise Program 82% confidence 74% 90% confidence
Low-Incorme WRAP 99.3% NA 99.3% NA
+5% precision with 85% +4% precision with 85%
Renewable Energy Program (GSHP) 118% confidence 93% confidence
+1% precision with 85% 1% precision with 85%
Renewable Energy Program 109% confidence 109% confidence
Home Assessment & Weatherization 19% precision with 85% +10.2% precision with
Program 80% confidence 20% 85% confidence
+4 percent with 90% 4 percent with 90%
TOTAL PORTFOLIO 95% confidence 89% confidence

8 TRM measures with stipulated velues and variables.
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1.4.2 Process Evaluation

The PPL Electric Implementation of Act 129 Energy Efficiency & Conservation Pl&n, Program Year One
Process Evaluation was submitted on September 15, 2010. The PY2 process eva}luation is filed
concurrently with this report.

1.5 Summary of Finances
The TRC test demonstrates the cost-effectiveness of a program by comparing its total economic benefits
to its total cost. The breakdown of PPL Electric’s finances and TRC analyses are presented in Table 1,12

through Table 1.14. '

Table 1.12: Summary of Portfolio Finances: TRC Test

|
|
L
r

' Citegory I PYTD: CPITD
A.1 | EDC Incentives to Participants $9,627,238 $34,762,287 $38,629,713
A.2 | EDC Incentives to Trade Allies $0 50 $0
A | Subtotal EDC incentive Costs $9,627,238 $34,762,287 $38,629,713
l
B.1 | Design & Development®™ $673,571 $1,006,544 $2,690,305
B.2 | Administration® $984,067 $3,219,628 $5,344,768
B.3 | Management™ $6,375,761 $18,432,880 $23,786,813
8.4 | Marketing $736,423 $4,837,394 $7,267,200
B.5 | Technical Assistance 50 50 50
B | Subtotal EDC Implementation Costs $8,769,822 $27,49I6,446 $38,089,086
EDC Evaluation Costs 51,061,407 $4,565',754 $4,492,976
L | Statewide Evaluator (SWE) Audit Costs 50 Sd $1,041,879
Total Utility TRC Costs - $19,458,468: $66,824;487 483,253,653
E Participant Costs N/A $182,6018,853 5197,573,950
. Total TRC Costs (liné itéms:B; G; D; & E) $9,831,229 $214,671,053 $242,197,890
' Discounted Costs (TRC) N/A 214,671,053 $226,296,331
!
F.1 | Annualized Avoided Supply Costs — Residential N/A $7S.i79 $75.79
F.2 | Annualized Avoided Supply Costs — Small C&I N/A 561.{10 $61.10
F.3 | Annualized Avoided Supply Costs — Large C&I N/A 551.14 $51.14
G | Lifetime Avoided Supply Costs N/A $370,636,979 $427,327,213
_ Totat Lifetime Economi Benefits NfA $370,636,979 $427,327,213
_ Discounted Lifétirhe Ecohomic Benefits N/A $§70;6§6,979 $399,872,622
|
| Porttolio Benefit-to-Cost Ratio_ . N/A 173 177
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Category_

IQ

PYTD

__CPITD

NOTES:

Definitions for terms In this table aré subject to TRC Order. Various-cost and benefit categories are subject to change pénding the cutcome f.

TRC Technical-Working Group discussions.

fal-CPITD includés EE&C Plan development charges from Decermiber 2008 and revisions to EERC Plan,
[b]'Includes Agjministrati:ve CSP {application and rebate.processing), PPL Electric’s general administrative/clefical costs, and PPL Electric’s

tracking system.

{€] Includes direct program management costs and commaon costs associated with overall portfoliomanagement.

Table 1.13: Summary of TRC by Program, PYTD Values

TOTAL PORTFOLIO

§214,671,053

Program TRC Benefits ($} TRC Costs (8) " TRC:Benefit-Cost Ratio
Appliance Recycling Program. $20,624,101 $1,758,796 11.73
Compact Fluorescent Lighting Campaign 587,010,123 $12,492,362 6.97
Custom Incantive Program 413,796,003 $7,677,903 1.80

" Energy Efficiency Behavior & Education
Program 41,232,711 $815,014 1.51
Efficient Equipment Incentive Program $58,872,238 $23,557,597 2.45
Efficient Equipment Incentive Program
(C&J Lighting) $163,926,261 587,439,843 1.87
E-Powér Wise $1,298,803 $362,099 3.59
Low-Income WRAP 47,548,444 $9,437,875 0.80
Reriewable Energy Program $15,594,479 $53,548,636 0.29
HVAC Tune-Up-Program $171,913 $622,265 0.28
Home Assessment & Weatherization
Program $561,903 $924 785 0.61
Common Costs 50 $15,593,877 0.00

$370,636,979 1.73

NOTES:

Table 1.14: Summary of TRC by Program, CPITD Values

Program TRC Benefits {$) TRC Costs ($) TRC Benefit-Cost Ratio
Appliance Recycling Program 526,187,777 $2,414,802 10.84
Compact Fluorescent Lighting Campaign $113,980,335 517,116,215 6.66
Custom Incentive Program $12,830,822 $7,210,377 1.78
Energy Efficiency Behavior & Education

Program 51,141,399 $896,710 1.27
Efficient Equipment Incentive Program $65,957,676 427,502,230 2.40
‘Efficient Equipment Incentive Program

(C&I Lighting) $151,783,57% $80,952,818 1.87
E-Power Wise $1,202,596 $383,580 3.14
Low-Income WRAP $7,984,799 $11,769,500 0.68
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‘ Program . o ~ TRC Bénéfits (5) ___TRC Costs (5) __THC Benefit-Cost Ratio,
B I
_Renewable-Erigrgy Program. $18,124,184 $54,568,850 | 0.33
HVAC Tune;:Up Program . $159,179 $613,981 | 0.26
Home Assessmént & Weatherization. '
Program $520,280 $886,285 0.59
_Common Costs $0 $21,970,944 0.00
TQTAL PORTEQLIO $399,872,622 $226,296,331 1.77
TNOTES:, B i - '
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2 Portfolio Results by Sector

The EE&C Implementation Order issued on lanuary 15, 2009 states reporting requirements for specific
sectors on page 11. In order to comply with these requirements, each program has been categorized
into one of the following sectors:

Residential EE (excluding low-income)
Residential Low-Income EE

Small Commercial & Industrial EE
Large Commercial & Industrial EE
Government & Non-Profit EE

Ve wn e

A summary of portfolio gross energy savings and gross demand reduction by sector is presented in
Figure 2.1 and Figure 2.2. A summary of CPITD gross energy savings and gross demand reduction by
sector is presented in Figure 2.3 and Figure 2.4, as well as in Table 2.1 and Table 2.2.

Figure 2.1; PYTD Reported Gross Energy Savings by Sector

PYTD Gross Reported Energy Savings by

Sector
I Residential Low Income BSmall C&l
O Large C&I & Government & Non-Profit  BLlin Res Programs

Government &
Llin Res Programs

Non-Profit
Large C& 10.23% 3.50%
16.83% . ; e i
e i xﬁi\\\‘% X o
_.::— =Y :’/—;r. A 5 (I i3 W ;\\'\{\'\\ 3 <
7 i identiai
- = ; 45.40%
Small C&# Low Income
22.05% 1.59%

PPL Electric | Page 19



11/15/2011 |Quarterly Report to the PA PUC

Figure 2.2: PYTD Reported Gross Demand Reduction by Sector

PYTD Gross Reported Demand Reduction:

by Sector
M Residential Low Income HSmali C&l ‘
Elarge C&I Government & Non-Profit ELIin Res Programs}
Government & LIin Res |
Non-Profit Programs Residential |
16.26% 1.83% 27.03%
. : |
AT v
,;,;‘“ T T s
!_, e mE =
! .
I = l
: z o g Lowlncome
Large C&l . o ——— 1.44%
16.62% - T— cop———— .
|
Small C&| |
36.83% '
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Figure 2.3: CPITD Reported Gross Energy Savings by Sector

CPITD Gross Reported Energy Savings by

Sector
[ Residential Low Income BSmall C&i
Hlarge C&l B Government & Non-Profit B Llin Res Programs
Government &
Nen-Profit Liin Res Programs
Large C&l 8.67% 4.51%

14.26%

Small C&I
18.75%

Residential

52.32%
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Figure 2.4: CPITD Reported Gross Demand Reduction by Sector

CPITD Gross Reported Demand |
Reduction by Sector

[ Residential B tow income BSmali C&l
HLarge C&l B Government & Non-Profit €& Llin Res Programs |
Government & t1in Res
Non-Profit Programs Residential
0,
Large C&I 14.82% ) 2.29%

15.15%

|
Low Income
1.45%
Small C&I
33.63%
i
Table 2.1: Reported Gross Energy Savings by Sector Through the End of the Reporting Period
PYTD
. Reported Gross Impact {(MWh/yr). Projects o ‘Unwvarified! - »
T i A - ‘in Total Ex post Realization
] i ‘Progress 'Céﬁimgftgd Savings  Rate
Market Sector Lo} YD CRITD__ | [MWh/YT) | (MWhR/AT®™ | (Mwhjyr) | (MWh/yr)
Residential EE 58,624 205,223 | 279,122 | 10,619 265,661 - 99%
Residential Low-Income:EE 1,777 7,206 7,962 - 7,962 - 94%
- ST ST o 1
Low:Income Participation in Non 5,567 17,628 24,080 - 24,080 . -
Low:=Income.Rrograms :
Stnall Commercial & Industrial EE 26,614 99,703 100,041 - 100,041 123 94%
Large Commercial & Industrial EE 23,743 76,068 76,068 368 76,437 - 86%
Goye'rnment &‘No'n_P‘fo.ﬁt EE . 22,394 46,241 46,252 802 4?,054 - 949%
TOTAL PORTEOLIO - 138,720 452,070 | 533,526 | 11,789 545,315 123 95%
, NOTES: T R ) ‘ ' ’

.. [a] Total-committéd uses CPITD, gross. impact-values.
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Table 2.2: Reported Gross Demand Reduction by Sector Through the End of the Reporting Period

. PYTD
R rted i ct (MW )
| eporte fiross‘ mpact (MW} ) - Unverified
iProjects in: Total Ex post
Progress | Committed, Savings Realization

Market Sector B Iq pyTD | ceitp mw) | (vt MW} | Rate (MW}
Residenti'al EE B 463 17.11 22.69 2.68 23.78 - Q8%
Residential Low-Income EE_ 0.22 0.91 1.00 1.00 - 93%
Lg\yilncome Pgntf{patlon in Non- 0.29 1.16 156 ) 1.59 i i
Low-Income Programs
small Commercial & Industriaf EE 5.61 23.32 23.36 - 23.36 0.03 83%
Large Commefcial & Industrial EE 3.60 1052 | 1052 0.05 10.57 - 81%
Government & Non-Profit £ 4.71 10.29 | 10.29 0.11 10.40 - 3%
TOTAL PORTEOLIQ 19.06 63.30 69.46 2.84 ©72.30 6.03 94%
NOTES:. B ' '

[a] Total committed tises CPITD gross impact values.

2.1 Residential EE Sector

The Residential EE sector target for annual energy savings in PY2 is 123,612 MWh/yr and the sector

target for annual peak demand reduction is 17.44 MW. The Residential EE sector target for CPITD annual
energy savings is 153,260 MWh/yr and the CPITD target for peak demand reduction is 21.39 MW. These
“targets” are planning assumptions in the EE&C Plan.

A sector summary of results by program is presented in Table 2.3 and Table 2.4.

Table 2.3: Summary of Residential EE Sector Incremental Impacts by Program Through the End of the Reporting Period

IQ Reported Gross 1Q Reported'Gross
Energy Savings- Demand'Reduttion
Residential EE Sector _ IQ Participants {MWh/yr) (MW).
Appliance Recycling Program 4,577 8513 1.59
Compact Fluorescent Lighting Campaign'™ 96,928 31,077 1.85
Custom Incentive Prograrn 1 18 0.00
- ——— Educati
Energy Efficiency Behavior & Education 50,000 12,699 )
Program
Efficient Equipment Incentive Program 43,264 10,938 1.35
E‘fﬁci'ent Equipment Incentive Program (C&I 12 239 0.08
tighting)
Renewable Energy Program 77 301 0.02
m —
ome Assessment & Weatherization 639 406 0.02
Program
Sector Total 195,518 64,191 4,92
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10 Reported:Gross! tQ Reported Gross.
‘ Energy Savings Demand:Reduction
| Residential EE Sector L I Participants. {MWh/yr) {MwW)

w

NOTES:, -

[alAsan u;ustream program;, exdct participatiofin the Compact Fiuarescent Ughtmg Campaxgn is not known: ,;The EM&V csp estamated the
,’number-of CFL pamc;pants by, dividing the totalinumber.of. bulbs discounted (651, 35? in PY2 04, 889,668 in PYZ Q3; 988,915 PY2 Q2 526,296
qin PYZ Ql;:and 1,342; 595 in PY1) by & CFL-pér-partitipant valué defived from.the clistorner telephune survey, data (6.7 bulbs in. PY3 and 7.0.
‘bulbs in PY}.) The bulb count reflects tfie total number of, programbulbs; including discounted-bulbs and thé gwe-away component.

Table 2.4: Summary of Residential EE Sector PYTD Impacts by Program Through the End of the Reporting Period

S "PYTD Reported Gross PYTD:Reported:Gross
Energy Savings DemandReduction
Resideritial EE'Sectdr _ PYTD Participants {MWh/yr) (MW)-

' Appliance RecyclihgProgram 12,813 24,317 ‘ 4.8
Compact Fludrescent Lighting. Campangn 454,795 146,000 8.71
Custdm Incentive:Progiam _ 1 18 ! 0.00
Energyfo‘ﬁc:ency Behavior & Education 50,000 12,699 ‘ i
Program )

Efficient Equipment Inceritive Program 108,787 33,596 411
E:fﬁmfa_nt Eguipment Incentive-Program {C&J 59 408 | 0.13
Lighting} !
‘Renewable Energy Program 1,245 4,957 | 0.46
Home; As[i]essment & Weatherization 1,201 857 | 0.02
Program |

Sector Totsl 628,991 222,851 18.27

=NOTES

' ‘[a] Asan UDstream program;: ‘exact partlc;lpatlon in'the Compacl’ Fluorescent Lighting Campaign-is not- known.iThe EM&V CSP estimated the
number of CEL participants by cimdmg the fotal number of Bulbé discounted {651,357 in pY2 Q4 ‘880,668 in PYZ 3; 988,915 RY2'Q2; 526,296

 MPY2QL] and'1,242,595 in P‘!l) by a CFL-per-participant value derwed from the custemer telephone survey data [6.7 bulbs'in PY2 and 7.0
Bulbs:in PY1).Thé CFt"count reflects the total number of program bulbs, inclding discounted buibs sold at rétail stores and bulbs distributéd &t

gwe-away everits:

[bi Home Assessment. BWeatherization: Program partnclpatlon includes ohe record thiat was ariginally. attributed to the Small G&I sector but

Was later reatlocated to the Residential EE sector.

’

A summary of the sector energy savings by program is presented in Figure 2.5.
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Figure 2.5; Summary of Residential EE Sector PYTD Reported Gross Energy Savings by Program
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A summary of the sector demand reduction by program is presented in Figure 2.6. A summary of the
sector CPITD gross energy savings and gross demand reduction by program is presented in Figure 2.7

and Figure 2.8,
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Figure 2.6: Summary of Residential EE Sector PYTD Reported Demand Reduction by Program
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Figure 2.7: Summary of Residential EE Sector CPITD Reported Gross Energy Savings by Program
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Figure 2.8: Summary of Residential EE Sector CPITD Reported Demand Reduction by Program
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2.2 Residential Low-Income EE Sector
The Residential Low-Income EE sector target for annual energy savings in PY2 is 20,264 MWh/yr and the
sector target for annual peak demand reduction is 3.13 MW. The Residential Low-Income EE sector
target for CPITD annual energy savings is 26.642 MWh/yr and the CPITD target for peak demand
reduction is 4.08 MW. These “targets” are planning assumptions in the EE&C Plan.

In keeping with the Commission’s Order on May 5, 2011, directing PPL Electric Utilities to generate
estimates of low-income participation across all relevant EE&C programs, the P:A PUC representatives
met with PPL Electric and their EM&Y CSP during Q4. The group discussed ways to estimate low-income
participation in non-low-income residential programs. The PA PUC approved using Act 129 survey data
to determine if participants are low-income customers (defined as those who a;re at or below 150% of
federal poverty level). Table 2.5 shows the estimated partion of residential savings attributable to low-
income customers for each relevant program.
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Table 2.5. Estimated Low-Income Participation in Residential Programs

- Percent of- Estimated PYTD Gross. Estimated:PYTD Gross,
Residential Energy.Savings from Low- | Demand Reduction from
Participation Income Participation in Low-lhcome Participation

from:Low> Residential Programs in Residential Programs:

Program Income Sector {MWh/yr) {Mw),

Appliance Recycling Program 5.9% 1,430 0.28

Cofitpact Fluorescent Lighting Campaign 9.4% 13,754 0.82

Energy Efficiéncy Behavior & Education!Program 15.6% 1,984 -

Efficient Equipment Incentive Program 1.3% 425 0.05

Renewable Energy Program 0.0% - -

Home Assessment & Weatherization Program 4.0% 34 0.00

Sector Total N/A 17,628 1.16

NOTES: = -

A sector summary of results of the designated low-income programs is presented in Table 2.6 and

Table 2.7.
Table 2.6: Summary of Residential Low-income EE Sector Incremental impacts by Program Through the End of the Reporting
Pericd

) 'l Reported Gross G Reported Gross,

Energy Savings Demand'Reduction

Residential Low-Income EE Sector 10, Participants (MW fyr) {MW)
E-Power Wise 797 342 0.05
Low-tncome WRAP 1,126 1,435 0.18
Sector Total 1,923 1,777 0.22
NOTES:

Table 2.7: Summary of Residential Low-Income EE Sector PYTD Impacts by Program Through the End of the Reporting Period

PYTD Reported Gross PYTD Reported Gross
7 Energy Savings Demand Reduction
Residentia) Low-Income EE Sector, __PYTD Participants {(MWh/yr} {MW)
E-Power Wise 4,050 1,737 0:24
Low-Income WRAP 4,455 5,469 0.67
Sector Total 8,505 7,206 0.91
NOTES: - -

A summary of the sector energy savings by program is presented in Figure 2.9,
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Figure 2.9: Summary of Residential Low-Income EE Sector PYTD Reported Gross Energy Savingslby Program
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A summary of the sector demand reduction by program is presented in Figure 2.10. A summary of the
sector CPITD gross energy savings and gross demand reduction by program is p;resented in Figure 2.11

and Figure 2,12,
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Figure 2.10: Summary of Residential Low-Income EE Sector PYTD Reported Demand Reduction by Program
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Figure 2.11: Summary of Residential Low-Income EE Sector CPITD Reported Gross Energy Savinés by Program
i
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Figure 2.12; Summary of Residential Low-Income EE Sector CPITD Reported Demand Reduction by Program
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2.3 Small Commercial & Industrial EE Sector

The Small Commercial & Industrial (C&I) EE sector target for annual energy savings in PY2 is 141,351
MWh/yr and the sector target for annual peak demand reduction is 27.39 MW. The Small C&I EE sector
target for CPITD annual energy savings is 168,854 MWh/yr and the CPITD target for peak demand
reduction is 32.72 MW. These “targets” are planning assumptions in the EE&C Plan.

A sector summary of results by program is presented in Table 2.8 and Table 2.9,

Table 2.8: Summary of Small C&I EE Sector Incremental Impacts by Program Through the End of the Reporting Period

1Q Reported Gross ~ \QReparted Gross
‘ Energy Savings Demand Reduction:
- Small C&I EE Sector 1Q Participants {MWh/yr) {Mw)
Appliance Recycfing Program 77 156 0.03
Custom Incentive Program 4 419 .09
Efficient Equipment Incentive Program 1,428 9,998 1.38
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- 1QRéported: Gross lQ:Reported Gross
: Energy Savings ﬂ Demand Reduction
_Small C8&4EE Sector 10 Participants (MWHfr) (Mw)
Efficient Equipment Incentive. Program (C&I !
Lighting) 297 15,630 3.63
r
HVAC Tuhe-Up Rrogram 546 412 0.48
Renewablé EAergy Pro_grar'n{a] - - | -
Sector Total, 2,352 26,614 l 5.61
NOTES:: :

[al:While only fesidential-and government, non-proﬁt anddnstitutionai (GNI) customers aré eluglbie for the Renewable Energy Program; in
some cases a BV system was.installed in a residentlal appllcatnon on.a smiall C&lirate’ schedule. This cai. happén.if.the actount is a farm;.a
residential rental property, or a separately: metered dut- building-such as a workshop at a,perschal residence.

F

Table 2.9: Summary of Small C&I EE Sector PYTD Impacts by Program Through the End of the Réporting Period

_——

PYTD Reported Gross

PYTD Réported Gross

: : Energy Savings | Demand:Reduction
. Smiall,C&I EESectof. . ..i. . PYTD-Participants . {MWh/yr) . {MW).
T
Appliancé Recyéling Program 258 521 . 0.10
- Custom Incéntive Program _ 24 1,355 . 1.38
. Efficient Equipment Incentive Program 2,611 10,593 | 1.49
Efficient Equipment Incentive Program (C&I )
Lighting). 1,270 86,703 19.85
HVAC Tune:lp Program _ 685 464 | 0.48
Renewable Energy.Program' 6 63 ! 0.01
Sector Total 4,854 99,703 L 23.32
NOTES:. ’ o '

[a] whlte only res:dentlai and GNI customers are eilglble for the Renewabie Energy Program, in sorné cdses aiFY system was instailed.ina
resrdential apphcauon on a,5mall C&I rate schedule Thus can happen if the account isa farm a résigential’ rental property; or a-separately
_ rhtered out:Building; such:as a. workshop at a: personal residence.

A summary of the sector energy savings by program is presented in Figure 2.13!
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Figure 2.13: Summary of Small C&i EE Sector PYTD Reported Gross Energy Savings by Program
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A summary of the sector demand reduction by program is presented in Figure 2.14. A summary of the
sector CPITD gross energy savings and gross demand reduction by program is presented in Figure 2.15
and Figure 2.16.
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Figure 2.14: Summary of Small C&I EE Sector PYTD Reported Demand Reduction by Program '
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Figure 2.15: Summary of Small C&I EE Sector CPITD Reported Gross Energy Savings by Program
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Figure 2.16: Summary of Small C&I EE Sector CPITD Reported Demand Reduction by Program |
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2.4 Large Commercial & Industrial EE Sector |
The Large C&I| EE sector target for annual energy savings in PY2 is 25,831 MWh?yr and the sector target
for annual peak demand reduction is 4.46 MW. The Large C&I EF sector target for CPITD annual energy
savings is 33,645 MWh/yr and the CPITD target for peak demand reduction is 5.45 MW. These "targets”
are planning assumptions in the EE&C Plan. |

A sector summary of results by program is presented in Table 2.10 and Table 2!11.

Table 2.10: Summary of Large C&I EE Sector Incremental Impacts by Program Through the Endfof the Reporting Period

' lQ Réportéd Gross. I Reported Gross

) ] Energy Savings.. bemand.Reduction
Large: CRUEE S&Ctor IQ:Participants (MWh/yr), {MW)
Applianée:Récicling Program 2 7 ! 0.00
" Custom Incéntive Program 11 8,742 ! 0.92
Efficient: Equipfment Incentive:Program . 39 7,755 1.09
_Efficient EQuipment:Incentive Program (C&lI: 21 7,238 1.58
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1Q Reported Gross

JQ'Reported Gross

Energy Savings Demand Reduction.
_Large C&I| EE Sector IQ Participants __ {(MWh/yr) {MwW)
Lighting)
HVAC Tune-Up Program 21 2 0.00
_Sector Total 94 23,743 3.60
NOTES:,

Table 2.11: Summary of Large C&! EE Sector PYTD Impacts by Program Through the End of the Reporting Period

PYTD Repdrted Gross

PYTD:Reported:Gross.

Energy Savings ‘Demand’Reduction
_Large C&I EE Sector PYTD Participants_ {(MWh/fyr). {Mw)
Appliance Recycling Program 11 26 0.01
Custom Incentive Program 16 11,527 1.36
Efficient Equipment Incentive Program 96 8,817 1.18
 Efficient Equipment Incentive Program (C&I
Lighting) 157 55,684 7.98
HVAC Tune-Up Program 26 4 0.00
Renewable Energy Program'™ 1 11 0.00
Sector Total 307 76,068 10.52
NOTES: o

[a) While only residential and GNI customers are eligible for the Renewable Energy.Program, in some cases a PV system was instafled in 3!
residential application on a large &I rate-schedule. This can happen if the account Is a.farm, a residentfal rental property, of a sepafately
metered.out-building, such as a workshop at a personal residence. )

A summary of the sector energy savings by program is presented in Figure 2.17.
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'

Figure 2.17: Summary of Large C&I EE Sector PYTD Reported Gross Energy Savings by Program |
|
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i
A summary of the sector demand reduction by program is presented in Figure 2.18. A summary of the

sector CPITD gross energy savings and gross demand reduction by program is presented in Figure 2.19
and Figure 2.20. |
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Figure 2.18: Summary of Large C&I EE Sector PYTD Reported Demand Reduction by Program
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Figure 2.19: Summary of Large C&l EE Sector CP{TD Reported Gross Energy Savings by Program

|
CPITD Large Commercial & Industria|§
Gross Reported Energy Savings by Progr;am

60,000MWh/yr

Program Lighting i

73.20% !
50,000MwWh/yr . f
40,000MWh/yr :
|
30,000MWh/yr !
20,000MWh/yr
10,000MWh/yr ]
03% 9 01%
omwhyyr L 203% 0.01% 0
Appliance Custom Equipment  Equipment HVACTune- Renewable
Recycling incentive Program  Program-C&I1 Up Program Energy
Program

PPL Electric | Page 42



11/15/2011 |Quarterly Report to the PA PUC

Figure 2.20: Summary of Large C&I EE Sector CPITD Reported Demand Reduction by Program
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2.5 Government & Non-Profit EE Sector

The Government & Non-Profit EE sector target for annual energy savings in PY2 is 25,831 MWh/yr and
the sector target for annual peak demand reduction is 4.46 MW. The Government & Non-Profit EE
sector target for CPITD annual energy savings is 37,506 MWh/yr and the CPITD target for peak demand

reduction is 6.53 MW. These “targets” are planning assumptions in the EE&C Plan.

A sector summary of results by program is presented in Table 2.12 and Table 2.13.

Table 2.12: Summary of Government & Non-Profit EE Sector Incremental Impacts by Program Through the End of the

Reporting Period

1Q Reported Gross IQ’Reported Gross
Energy Savings Démand'Reduction
Government & Non-Profit EE Sector IQ Participants [(MWh/yr} {MW)
_Appliance Recycling Program 1 2 8.00
Custormn incentive Program 7 1,284 0.19
Efficient Equipment Incentive Program 1,524 3,692 0.71
Efficient Equipment Incentive Program (C&I
Lighting} 179 15,019 3.14
Renewable Energy Program 30 2,397 0.68
Sector Total 1,741 22,394 4.71
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- ” . Co 10’ Réported GFoss, 16 Reported Gross
Energy.Savings Demand Reduction
Government & NGri:Profit EE Sector iQ-Participants (MWh/yr) {(Mw)

W

. NOTES: °

Table 2.13: Summary of Government & Non-Profit EE Sector PYTD Impacts by Program Througﬁl the End of the Reporting

Period |
) a PYTD'ReportediGross | PYTD'Repoited Gross

f . Energy Savings Demand Reduction
- Governnient & Non:Profit EE Sector PYTD Participants. {MWh/yr} (Mw)

Appliance Recycling Program 1 2 0.00

Custoin Incentive Program 13 3,239 0.26

Effitient Equipment Inééntive Program 2,253 5,962 : 1.22

Efficient Equipment Incentive Program {C&J i

Lighting) 510 32,536 | 7.87

Renewable Energy Program 77 4,502 | 0.94

1
Sector Total | 2,854 46,241 . 10.29
NOTES:. i ~ T

A summary of the sector energy savings by program is presented in Figure 2.21.

|
i

Figure 2,21: Summary of Government & Non-Profit EE Sector PYTD Reported Gross Energy Savings by Program

PYTD Government & Non-Profit
Gross Reported Energy Savings by Program
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A summary of the sector demand reduction by program is presented in Figure 2.22. A summary of the
sector CPITD gross energy savings and gross demand reduction by program is presented in Figure 2.23

and Figure 2.24.

Figure 2.22: Summary of Government & Non-Profit EE Sector PYTD Reported Demand Reduction by Program
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Figure 2.23: Summary of Government & Non-Profit EE Sector CPITD Reported Gross Energy Savings by Program
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Figure 2.24: Summary of Government & Non-Profit EE Sector CPITD Reported Demand Reduction by Program
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3 Portfolio Results by Program

3.1 Appliance Recycling Program

The ARP offers free pick up and recycling of operating but inefficient refrigerators, freezers, and room
air conditioners. ARP’s overarching goal is to prevent the continued operation of older, inefficient
appliances by offering an incentive and free pick-up service to customers. The program’s primary
objectives include:

311

Encouraging customers to dispose of their existing, inefficient appliances when they purchase
new ones, or eliminating a second unit that may not be needed.

Reducing_the use of secondary, inefficient appliances.

Ensuring appliances are dispased of in an environmentally respansible manner.

On-site decommissioning to ensure appliances are not reseld in a secondary market.
Promaoting other PPL Electric energy efficiency programs.

Coltecting and recycling no fewer than 69,600 appliances through 2013, with a total energy
reduction of 114,760 MWh/yr and 13,150 kW.

Program Logic

The theory for ARP can be summarized as follows:

By permanently retiring older, inefficient appliances, the program will remove them from PPL
Electric’s grid. As a result, the program helps consumers save on their utility bilis and lessens
baseload demand. Disposing of units in an environmentally sound manner reduces the
likelihood of ozone-destroying chemicals entering the atmosphere, improving air quality and
reducing greenhouse gas emissions. The participation experience helps residential customers
learn maore about the benefits of energy efficiency and allows PPL Electric to maintain an
efficient appliance stock.

The program'’s logic model, shown in Figure 1.3-1 of the EM&V Plan, highlights the program’s key
features as understood by the EM&YV CSP, indicating logical linkages between activities, outputs, and
outcomes.

The logic madel’s elements are:

Program inputs: The program inputs are PPL Electric customers with a working, residential-
grade refrigerator, freezer, or air conditioner; PPL Electric staff (including management,
coordination, and marketing); the appliance recycling CSP; vehicles for appliance transport; the
recycling facility; applications and forms; incentive funding; and recycling expertise and
technologies.

Program activities: The program’s primary activities include marketing and outreach {including
cross-program referrals), processing applications, verifying customer eligibility, picking up and
recycling inefficient appliances, and processing incentive payments.
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*  Program outputs: Qutputs include marketing materials produced; appIiLcations processed;
number of appliances scheduled, picked-up, and subsequently recycled; and incentives paid.

¢ Short-term cutcomes {one year): Gutcomes resulting from customers p;articipating in the
program are secendary and inefficient appliances being permanently re’Ttired from use and
customer awareness of other PPL Electric EE&C programs.

* |ntermediate cutcomes (two to three years): Outcomes consist of incre}ased participation due
to customer familiarity with the program, the reduced number of operating secondary and
inefficient appliances, and waste materials from recycled appliances bejng disposed of in an
environmentally responsible manner. ‘L

* Long-term outcomes (four to seven years): Outcomes include fewer ofd and inefficient
appliances in existence and achieved energy and demand savings targetis of 114,760 MWh/yr
and 13 MW.

3.1.2 Program Measurement and Verification Methodology
|

A complete discussion of the measurement and verification (M&V} methodology can be found in

1
Chapters 3, 4, and 5 of the Appliance Recycling QA/QC and EM&V Plan.

[
Ex ante Adjustment Methodology i
No TRM ex ante adjustments were made for refrigerators. Adjustments were made to ex ante reported
savings to make room air conditioner savings values’ meet TRM specifications. The adjustment was
based on the actual locations of participants, because PPL Electric’s tracking system uses a single savings
value for all cities. In July 2010, the Statewide Evaluator (SWE) issued new savinlgs assumptions, deemed
energy savings, and demand impact values for room air conditioner retirement:
Ex ante Adjustment Findings I
Based on the TRM ex ante adjustment, savings for recycled room air conditioners reflect the savings for

the city in which the unit was removed. The updated savings for each location are shown in Table 3.1.
\

Table 3.1: Room Air Conditioner Retirement — Savings Assumptions and Participation by City

. Frequency -

Ehergy | Démand | Effective PY2 Annual

i Impact | Impact Useful Participants (#

Meéasure: | City' EFLH | Capacity | EER | (kWhjyr) | ¢F™ | (kw) Life of uriits)
_ ) Allentown 243 | 10,000 | 9.07 268 058 | 064 a 749
Room Al 1 |1 risburg 288 | 10000 | 9.07 318 | 058 | 064 4 618

Conditioner

Retirement | Scranton 193 | 10,000 | 9.07 213 058 | 064 4 502
Williamsport 204 | 10,000 | 9.07 225 058 | 0.64 4 360
TNOTES: - T T

{a] CF stands for.coincidence.factor.

7 Savings assumptions far room air conditioners are based on Table 2: RAC RetirementiOnly EFLH and Energy
|

Savings by City’ of the Room AC TRM interim protocol approved by the SWE. \

!
i
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Savings Realization Rate Methodology

The EM&V CSP conducted telephone surveys to assess the accuracy of records for this program. A
random sample of participants was selected for telephone survey verification to exceed 90% confidence
and 10% precision for the program year. The quantity and type of units collected, as well as the
operational condition of each unit, was verified with program participants.

In addition to the telephone surveys, the EM&V CSP inspected a census of PY2 annual participant
records from the Energy Efficiency Management Information System (EEMIS) database. All data in EEMIS
for this program were compared to the appliance recycling CSP records to verify whether all units
reported as recycled were in fact recycled by the ARP CSP.

Savings Realization Rate Findings

There were three discrepancies between EEMIS and the ARP CSP tracking database that affected the
savings realization rate. The JACO Environmental Inc. {JACO) database recorded two fewer
refrigerators/freezers and one less room air conditioner than EEMIS. Therefore, the net change from the
records review for this program was two fewer refrigerators/freezers, and ane less reom air conditioner.
There was one instance from survey verification efforts where a customer explained their refrigerator
did not turn on when plugged in (a program eligibility requirement), resulting in a net change of one less
refrigerator.

The EM&YV CSP estimated a 90% exact binomial confidence interval for measure groups in this program.
Reported savings for refrigerators and freezers is 99.4% accurate, with a 90% confidence interval
between 97.05% and 99.97%.® The EM&V CSP confirmed that all room air conditioner records were
correct. Using an exact binomial confidence interval, at least 96% of the room air conditioner records
are accurate with 90% confidence,

Because this is a sizable program that recycled thousands of appliances in PY2, this adjustment had a
minimal effect on the savings realization rate. Based on these verification findings, the PY2 annual
realization rate for this program is 100%.

Findings from the records review resulted in the realization rates shown in Table 3.2 for each measure
type. These realization rates were calculated using the PY2 annual records review, and were applied to
all reported savings for PY2.

Table 3.2: ARP Realization Rates and Ex post per Unit Savings by Measure Type

TRM Adjusted | TRM Adjusted " Ex post kWh/yr | Ex post kW
Ex ante Savings | Ex ante Savings Realization Savings per Savings per
Measure Type {kWh/yr} {kw) Rate Unit Unit,
Refrigerator/Freezer 1,728 0.24 100% 1,728 0.24
Room Air Conditioner 262 0.64 100% 262 0.64

| . . . . . -
Binomial confidence intervals are not necessarily symmetric.
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|
|

- " TRM Adjusted | TRM Adjusted | ExpostkWh/yr | ExpostkW:
Ex.onte Savings. | Exante Savings |  Rédlization, |  Savingsper Savings per
Measure Type: Lo (kwhfyr) [ . (W) [ Rate L it Unit

NOTES:

l
Net-to-Gross Ratio Methodology :
The EM&V CSP used both participant and nonparticipant survey data to calculate net savings for this
program. .

Free-ridership Methodology

The EM&YV CSP utilized the same methodological approach to determine net sa;vings as in the 2004—
2005 and 2006—2008 California Residential ARP evaluations. This methodology has gained acceptance as
the industry standard for assessing ARP net-to-gross (NTG). Specifically, NTG was calculated by
determining the percentage of participants that would have, in the absence of #he program, disposed of
their appliance in a manner leading to its discontinued use. |

Computing net savings for the ARP requires knowing whether or not the appliance would have
continued to operate without program involvement. If it would have, the program should get credit for
savings equal to the consumption of that appliance. If it would not have, the prbgram should get zero
credit. This adjustment is applied through a NTG ratio.

Independent of program intervention, participating appliances would have been subject to one of four

potential scenarios: |
|

1. The appliance would have been kept and continued to be used by the ﬁarticipating household;

The appliance would have been kept by the participating household, but stored unused;

3. The appliance would have been discarded/sold by the participating household in a manner
leading to its continued aperation; or

4. The appliance would have been discarded by the participating househoTId in a manner leading to
its eventual destruction. ‘

o

|
Of these scenarios, two indicate free-ridership: instances where the appliance would have been kept
and stored unused (number 2 above) or discarded and destroyed (number 4). Both of those scenarios
would have the same impact on energy consumption independent of program participation. The
participant and nonparticipant surveys collected customer behavior data around these four scenarios to
compute the NTG ratio. ‘

|

In other evaluations, the EM&V CSP found that the majority of participants in n‘jost ARPs report they
would have discarded the participating appliance even if they had not participated in the program.
Therefore, it is critical that the evaluation focus on changes at the service territory level, rather than
changes within a participating home. This evaluation aims to understand whether the discarded
appliance would have remained in use within PPL Electric’s service territory, either inside or outside the
participating home. This critical concept is different from most demand-side ma;magement proegrams and
does not lend itself to standard evaluation methods. The notion of appliance relplacement within a
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participating home has no bearing on the program’s gross savings, although it may be important
information for understanding the efficiency of the appliance stock in PPL Electric’s service territory.

A more complete discussion of the NTG methodology can be found in Chapter 5 of the Appliance
Recycling QA/QC and EM&V Plan.

Spillover Methodology

Participant spillover refers to the participant’s installation of measures in addition to those incented by
the program, where the program influenced the participant to install the additional measures. To
examine spillover attributable to the ARP, survey respondents were asked if they made any energy
efficiency improvements or installed any energy efficient measures where they did not receive a
program rebate. They were also asked the likelihcod they would have installed these measures if they
had not participated in the program.

No adjustments will be made to the ex post savings to incarporate spillover, per direction from the SWE.
Spillover estimates will be used to inform program planning.

Net-to-Gross Ratio Findings
Per the Audit Plan,’ until a Commission order is issued, only gross savings will be reported and verified;
gross savings will not be adjusted by the NTG ratio.

Free-ridership Findings
The free-ridership result was 0.43 for the ARP.

Spillover Findings

Some ARP survey respondents stated they made energy efficiency improvements without receiving a
rebate. Survey respondents reported installing CFLs, windows, central air conditioning (CAC), and
insulation. An analysis of these responses resulted in 3% spillover for ARP. The overall NTG ratio is 61%.

3.1.3 Program Sampling

The EM&YV CSP conducted participant and nonparticipant surveys for QA/QC and for impact and process
evaluations. The C5P selected a random sampie of program participants who were recycling a room AC
and a refrigerator or freezer. Participant survey instruments included questions affecting all evaluation
activities, and the same sample population was used for QA/QC and process and impact evaluations. For
PY2, the EM&V CSP completed a total of 142 participant surveys stratified by measure type, 49 of which
included respondents that had recycled at least one room air conditioner in addition to at least one
refrigerator or freezer (those that recycle a room air conditioner must also recycle either a refrigerator
or a freezer to qualify as a participant in this program). The participant surveys exceeded 90%
confidence and 10% precision.

? Statewide Evaluation Team. Audit Plan and Evaluation Framework for Pennsylvania Act 129 Energy Efficiency and
Conservation Programs, December 20035.
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The EM&YV CSP conducted nonparticipant surveys with a random sample of PPL Electric customers.
Screening questions identified customers who had not participated in PPL Electric’s ARP, but who had
discarded an eligible appliance within the last year. The EM&V CSP completed a total of 134
nonparticipant surveys stratified by measure type. The disposition of EM&V samiples for this program is

shown in the Appliance Recycling QA/QC and EM&V Plan and is included below.

The records review included a census of participants in the EEMIS database. Altogether, records were

verified for 13,083 unigue CSP Job Numbers (i.e., unigue rebates}.

Table 3.3: Appliance Recycling Program Sample Disposition — PY2

_Sample Réview Type Targét Completes |
Partitipant Surveys’

'hefr-igeratbrj'Freezer 9G 93 ‘

Room Al Gonditioner 25 49 :l .
Nonpaficipant Surveys 140 134 ! ’
‘- Participant Records Review Census Census ! 1“
Totat L 275 276 |
' NOTES: ' o ‘ S |

3.1.4 Process Evaluation |

The PPL Electric implementation of Act 129 Energy Efficiency & Conservation Plan, Program Year One
Process Evaluation was submitted on September 15, 2010. The PY2 process evaluation is filed
concurrently with this report.

3.1.5 Program Partners and Trade Allies

PPL Electric’s customer programs specialist provides general program managen&ent and oversight,
manitors the program, provides program information to trade allies, approves i;nvoices and program
data, and resolves program issues. A single ARP implementation CSP, JACO, provides turnkey services to
administer and manage the program’s day-to-day operations. The ARP CSP’s role includes marketing the
program to customers; staffing a call center that performs customer intake, scheduling services, and
responds to customer questions and concerns; processing applications and rebates; tracking program
data; and providing customer and transaction information to PPL Electric. Other trade allies are
appliance dealers in PPL Electric’s service territory, such as Best Buy and Sears. |

3.1.6 Program Finances '

A summary of the project finances are presented in Table 3.4.

PPL Electric | Page 52



11/15/2011 |Quarterly Report to the PA PUC

Table 3.4: Summary of Program Finances - TRC Test

_  Categary Q b . PYTD 3 CPITD
A1 | EDC Incentives to Participants 50 s0 50
A.2 | EDC Incentives to Trade Allies 50 50 %0
A | Subtotal EDC Incentive Costs 50 $0 50
B.1 | Design & Development™ 50 $0 50
B.2 | Administration” $0 30 $0
B.3 | Management™ $343,049 $1,459,181 $2,120,108
B.4 | Marketing™ $68,475 $299,615 $424,975
B.5 | Technical Assistance 50 50 50
B | Subtotal EDC Implementation Costs $411,524 §1,758,796 $2,545,083
C | EDCEvaluation Costs™ 50 S0 S0
SWE Audit Costs'” $0 $0 $0
Total Utility TRC Casts $411,524 51,758,796 $2,545,083
E | Participant Costs" N/A S0 $0
Total TRC Costs $411,524 $1,758,796 $2,545,083
Discounted Costs [TRC) N/A $1,758,796 $2,414,802
F.1 | Annualized Avoided Supply Costs -Residential' N/A $75.79 $75.79
F.2 | Annualized Avolded Supply Costs — Small C&I N/A $61.10 $61.10
F.3 | Annualized Avoided Supply Costs — Large C&I N/A $51.14 $51.14
G | Lifetime Avoided Supply Costs N/A 520,624,101 $27,715,489
Total Lifetime Economic Benefits N/A $20,624,101 $27,715,489
Discounted Lifetime Economic Benefits N/A $20,624,101  $26,187,777
Program Benefit-to-Cost Ratio N/A 11.73 10:84

NOTES:

Definitions for terms in-this table are subject to TRG Order.

fa] EDC evaluation, SWE audit, and a:majority of EDC implementation costs are common and are not attributable to individual programs.
Cornrmon costs are distributeéd to sector portfolios for cost recovery.purposes: In this report, all comimon costs are accounted for in the
portfolio.

[b] includes PPL Electric and the program CSP's implementation, management, and:oversight of this program. Inciudes the €SP's cost to pick up,
decommission, and recycle appliances. Includes incentives paid to participants which, per-the TRC Order, are treated‘as aprogram cost because
the payment is not reimbursament of a portion of the incremental cast.

[c] Thé participant costs reported are net incentives paid by PPL Electric. The incrementalcost Is equal to the sum of the incentives andithe
participant costs.

[d] The annualized avoided supply costs represent the average annual avoided costs for the sector in PYZ.
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3.2 Compact Fluorescent Lighting Campaign

The CFL Campaign has two components: ‘

» Anupstream retail lighting component provides incentives to CFL manufacturers. The upstream
incentives then effectively buy down the retail price of ENERGY STAR® CFL bulbs. The majority of
program-discounted CFLs are sold in retail brick-and-mortar stores, altilnough PPL Electric also
offers program-discounted CFLs through an online retail store.

* Agive-away component provides customers with ENERGY STAR CFLs free-of-charge at events
sponsored by PPL Electric. ‘

The objectives of the CFL Campaign are to: !

* Develop and execute strategies aimed at transforming the market for E:NERGY STAR-qualified
CFLs with a goal of increasing the number of qualified products purchased and installed in PPL
Electric’s service territory. |

o Provide a mechanism for customers to easily obtain discounted ENERGY STAR-qualified CFLs in
the retail market. |

* Provide opportunities that encourage customers to.obtain and try CFLs! free-of-charge through
PPL Electric-sponsored give-away events and activities. !

* Increase consumer awareness and understanding of CFL energy efflaency and CFL use in various
lighting applications.

* Promote consumer awareness and understanding of the ENERGY STAR|label.

s Promote other PPL Electric EE&C programs to customers.

3.2.1 Program Logic

Logic models for upstream and give-away program components are shown in the Compact Fluorescent
Lighting Campaign EM&V Plan, Figure 1.2-1 and Figure 1.2-2. The CFL Campa|gn theory is summarized as

follows: |

By using various program delivery mechanisms, PPL Electric encourages its customers to
purchase new ENERGY STAR-qualified CFLs and install them as replacements for inefficient
incandescents, thereby producing energy and demand savings.

The CFL Campaign logic models highlight key program features and indicate logical linkages between
activities, outputs, and outcomes. Both models’ program inputs are PPL Electric’s strategic direction,
program management, and other support; PPL Electric’s funding; and the CSP’s program
implementation expertise.

The logic models’ elements include:
* Program inputs: Inputs to the program include PPLiElectric staff and cu:stomers, the CFL
technology, trade allies (CFL manufacturers, retailers, and community groups), incentive

funding, and the CFL CSP.
\
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3.2.2

Pragram activities: Primary program activities include trade ally recruitment and coordination;
bulk CFL pricing negotiations; marketing and outreach to customers; program material
dissemination; and distribution of low- and no-cost CFLs to customers.

Program outputs: Qutputs include informed and active trade allies and community
organizations; marketing materials; promotional campaigns and bulb give-away events; and
program-discounted CFLs.

Short-term outcomes {one year): Outcomes include promotional campaigns to educate
customers about CFLs; increased CFL availability; increased customer demand for CFLs; and
reduced retail prices for program-discounted CFLs. These outcomes lead to immediate energy
and demand savings.

Intermediate outcomes (two to three years): Qutcomes include increased customer familiarity
and comfort with CFLs, leading to more CFL installations and resulting in more energy and
demand savings; increased program participation by a growing set of manufacturers, retailers,
and other trade allies; reduced CFL manufacturing costs due to economies of scale and
technological improvements; and more efficient and effective program implementation
resulting from the continuous evaluation and QA/QC feedback loops.

Long-term outcomes {four to seven years}: Outcomes include customers thinking of CFLs as
standard lighting equipment {i.e., transformation of the light bulb market) and substantial
energy and demand savings, with a target of 292,100 MWh/yr and 45,630 kW planned through
2013.

Program Measurement and Verification Methodology

The energy and demand savings (ex ante reported gross savings) reported in EEMIS for the CFL
Campaign included two types of adjustments:

1.

First, EEMIS-reported savings, which were computed from the deemed savings equation given in
the TRM, were adjusted to correct for a known error in the TRM demand savings algorithm. This
resulted in the CFL Campaign’s TRM adjusted ex ante demand savings values. Beginning in PY3,
EEMIS will use the corrected kW value, adjusted for the 0.84 in-service rate (ISR).

Next, the realization rate was computed. For the CFL Campaign, the realization rate was based
on the EM&V CSP’s records review. The EM&V CSP applied the realization rate to the CFL
Campaign’s adjusted ex ante energy and demand savings to derive ex post verified energy and
demand savings for the program.

The SWE requested that the EM&Y CSP explore several parameters related to CFL savings estimation,
but indicated that adjustments for these parameters need not be made to the program savings at this
time. These parameters include CFL installation rates, hours-of-use (HOU), delta wattage, and NTG. The
EM&V CSP assessed these parameters through customer surveys and trade ally interviews.

Ex ante Adjustment Methodology

EEMIS computed energy and demand savings for the CFL Campaign using the deemed CFL savings
algorithms given in the TRM. While the TRM’s energy savings algorithm includes a factor for the ISR
(ISRcs. = 0.84), the demand savings algorithm does not. To accurately calculate demand savings, the
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ISRcr should be included in the CFL demand savings algorithm. Thus, the ex ante demand savings were
adjusted to incorporate the 1SR,

|
Ex ante Adjustment Findings ‘
As no adjustment is needed to the CFL energy savings algorithm, the ex ante en‘ergy savings reported in
EEMIS are equal to the ex ante adjusted energy savings. £x ante demand sawngs however, were
adjusted for the ISR, as described above. ‘

Savings Realization Rate Methodology

The EM&V CSP derived the realization rate for the CFL. Campaign by reviewing program records, The CFL
Campaign program CSP works directly with CFL manufacturers to implement Ilghtlng promotions in
retail stores, but does not have any direct contact with participating retailers. ﬁhus, on a monthly basis,
participating manufacturers collect CFL sales data on the approved program-discounted CFLs from
participating retailers. The manufacturers then send their sales data to the program CSP, and the
program CSP reformats these disparate data sets and uploads them to their ow:n internal program
database. Finally, the program CSP uploads the monthly {participation) sales data from its database to
EEMIS. EEMIS also maintains a separate, mostly static measures table with descriptive details about
discounted CFLs. Only data from the CFL Campaign CSP’s database and from EEMIS are available for the
EM&V CSP to review.

Due to the upstream nature of the CFL Campaign, PPL Electric and the program CSP do not know which
PPL Electric customers purchased CFLs that were discounted through the program. For the CFL
Campaign, EEMIS (and the program CSP’s database) was therefore designed to'capture information
about the program-discounted CFLs themselves; no data is collected about partlupatmg CFL Campaign
customers. Each record in EEMIS is a unique combination of:
|

s (CFLSKU, \

» Retailer name and store identifier where each CFl. was sold, and

¢ Date each CFL was sold to retail customers.

Other variables captured in EEMIS for the CFL Campaign include CFL manufactllirer, CFL wattage,
wattage of an equivalent incandescent light bulb, and additional CFL characteristics.

|
Both EEMIS and the CFL CSP produce quarterly reports in standardized formats. The EM&V CSP used
these standardized reports to develop a mostly automated system for conducti:ng CFL Campaign record
reviews and analyzing the associated realization rate. Using:this system, the EM&V CSP completed a
review of the census of PY2 CFL Campaign records from EEMIS for each quarter, rather than reviewing a
sample of randomly selected records (as was described in the CFL Campaign EM&V and QA/QC Plan).
The EM&YV CSP then compared these to records in the program CSP’s participation database, matching
records by CFL SKU, retailer, store identifier, and date the CFL was sold. The EM&V CSP also compared
the energy and demand savings calculated for each record in EEMIS to the energy and demand savings
calculated in the program CSP’s measures table,
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Savings Realization Rate Findings

The EM&V C5P’s energy and demand savings calculations, based on inputs from the program CSP’s
participation database, matched EEMIS recorded energy (kWh/yr) and demand (kW) savings values for
46,083 out of the total 47,130 PY2 records {i.e., values for variables matched in 99.5% of the records).
Upon further investigation, the EM&Y CSP found that the mismatches were due to differences in the
incandescent equivalent wattages in a text field of one of the data sources. The EM&V CSP found that
EEMIS did use the correct wattages to calculate energy and demand savings. The CFL Campaign’s PY2
realization rate is therefore 100%.

Additional CFL Savings Parameters

The SWE requested that PPL Electric collect self-reported survey data on installation rates, HOU, and
delta watis. These data are intended to meet SWE requirements, and are not used to adjust the TRM
assumptions or ex post evaluated savings. To assess these parameters, the EM&V CSP fielded two
customer surveys in PY2 in which survey respondents who purchased CFLs were asked about the
number and location of CFLs installed in their homes and the number of CFLs in storage. Results from
the PY2 customer surveys are used in this report.

Self Reported CFL Installation Rate Based on PY2 Survey Results

Seventy percent of the customers contacted for the PY2 self-report telephone surveys said that they had
purchased CFLs within the past three months, and 9% said they had received CFLs for free within the
past three months. These recent CFL purchasers and recipients were asked how many CFLs they had
installed in their homes and how many were in storage.

The EM&V CSP calculated the installation rate as the number of CFLs installed divided by the total
number installed and in storage, resulting in a survey-based instaliation rate of 82%. The survey was
designed to produce results with 90% confidence and 10% precision, and the deemed installation rate of
84% falls within the 90% confidence interval.

Self Reported CFL HOU Based on PY2 Survey Results

PY2 survey respondents who said they had one or more CFLs installed in their home were asked how
many CFLs were installed in specific rooms of their home. The EM&V CSP used respondents’ survey
answers, in combination with secondary research published by the Regional Technical Forum (RTF),*® to
develop an estimate of the average HOU per day per CFL for PPL Electric customers. As shown in Table
3.5, the estimated average HOU for the mix of CFL locations reported by PPL Electric respondents for
PY2 was 2.56.1! This approach provides a reasonable proxy for in-home CFL HOU in PPL Electric's service
area. There are not sufficient data from other regions of the U.S. to assess whether the CFL HOU
resulting from this approach (where survey respondents were asked specifically for the number of CFLs
installed in each room of the house, rather than for an estimate of the total number of CFLs installed

 The RTF, an organization chartered by the Northwest Power and Conservation Council, researched the average
lighting HOU per day by room. Refer to the Microsoft Excel® file "EStarLighting_ExistingFY10v1_5.xls’ available
online at http://www.nwcouncil.org/rtf/measures/Default.asp.

" This value is in the range of what the EM&V CSP has observed in other jurisdictions through lighting metering
studies (observed CFL HOU between 1.9 and 3.0J.
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|
throughout the house) is statistically significantly different from the CFL HOU estimate that would result
from in-home metering. ‘

Table 3.5: CFL Estimated Hours-of-Use Analysis |

“§urvevh035ﬁonr— WHerﬁ:ar'e the | Buibsper » Sh'a;e:éf Hou o W'efig'ﬁt‘\ed
CFLs Installed? ) " Roord Total | perDay | Average J
Forfnal VIR rocm 523 15% 29 0.44.
Formal dining rooin. 198 6% 2.9 0.16!
Family.foom _ Y 7% 2.9 0.22!
Bedroonrs. B 529 15% 13 0.20.
Bathrdoms 409 12% 18 0.21
Kitchien and dinirig ares 510 15% 3.5 0.51!
Lauridry‘and utility rooms 141 4% 1.8 0.07}
_Eftryway andhaliways | 187 5% 2.9 0.16
“ - 85 2% 13 0.03)
Office/den S 87 2% 2.9 0.07
_ 159 5% 2.9 013
Outside locations , 270 8% 33 0.26
Other rooms ) 128 4% 2.9 0.11l
Totai CFLs. o 3,486 100% Average HOU 2.56

Free-ridership, Spillover, and Net-to-Gross Ratio Methodology
Upstream energy efficiency programs, such as PPL Electric’s CFL Campaign, present challenges in
evaluating program net impacts for the following reasons: !

Light bulbs are generally inexpensive and are purchased on a fairly regular basis, so customers
are only able to accurately recall details about buying light bulbs for a short time after the
purchase takes place (e.g., how many individual light bulbs and how many packages were
purchased, when the purchase occurred). This is true for CFLs as well a.fc, for incandescent bulbs,
especially after customers become somewhat familiar with CFLs and no longer view them as
novelty items. '

As described in Section 4.1 of the EM&YV Plan, the upstream CFL Campéign is largely invisible to
PPL Electric’s customers. Many end-use customer participants are unaware they are taking part
in the program. [n fact, evaluations of upstream programs implementeg elsewhere have found
that the majority of customer participants are unaware of their participation status.

The program’s marketing and outreach components are expected to lead not only to sales of
program-discounted CFLs, but potentially also to sales of large numberlls of non-program CFLs
(spillover). Non-program CFL sales can occur at participating retailers (ie., sales of non-
discounted CFLs during program promotions and CFL sales made outside of program
promotional periods), as well as at nonparticipating retailers. Limiting the NTG analysis to only
those few respondents who recalled purchasing a program-discountediCFL or recelving a CFL
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free-of-charge from a PPL Electric—sponsored give-away event could significantly underestimate
program impacts. In fact, studies conducted in Wisconsin, Massachusetts, and Vermont in 2005
and 2006 found NTG values exceeding 100% due to the influence these types of programs
exerted on the overall CFL market.

With these challenges in mind, the EM&Y CSP conducted a NTG analysis based on findings from
customer telephone surveys conducted in PY2. The analysis incorporated all respondents who had
purchased one or more CFLs in the past three months, including those who were aware of the CFL
Campaign and those who were not. Based on participant answers to a battery of free-ridership
questions, the weighted mean free-ridership rate for CFLs purchased by respondents who were aware of
the program was 47%, with an upper bound of 58% and a lower bound of 36%.

The EM&V CSP then observed that some of the recent PY2 CFL purchasers who were unaware of the CFL
Campaign were nevertheless likely influenced by it, while others were not. Respondents who bought
CFLs and were unknowingly influenced by the program are considered spillover, while those unaware
respondents who bought program CFLs but were not influenced by the program are free-riders. The
EM&V CSP reasoned that, at most, free-ridership among recent program CFL purchasers who were
unaware of the program was 47% (the average of those who were aware of the program). At the low
end, free-ridership for recent purchasers who were unaware of the program was 36% (the same lower
bound as for recent purchasers who were aware of the program).

The EM&Y CSP combined free-ridership and spillover rates for recent purchasers who were and who
were not aware of the program to derive an overall NTG ratio. The CFL Campaign’s NTG result was then
corroborated with the results from recently published upstream CFL program evaluations conducted in
other areas of the country.

The CFL Campaign’s free-ridership, spillover, and NTG methodologies and findings are discussed in more
detail in Appendix C.

Free-ridership, Spillover, and NTG Findings

Based on the free-ridership estimates derived from the PY2 customer surveys, the CFL Campaign’s NTG
ratio ranges between 71% and 94%. Since it is highly unlikely that all recent CFL purchasers who were
unaware of the CFL Campaign before they participated in the customer survey would have purchased
the same quantity of CFLs without the program discount, the program’s actual NTG ratio is likely at the
higher end of the 71% to 94% range. The EM&V CSP therefore estimates NTG for the CFL Campaign as
85% in PY2.

Recent evaluations have shown that other relatively new upstream lighting programs have similar NTG
ratios. As shown in Table 3.6, NTG ratios for these other utilities ranged from 62% to 96%.

Table 3.6: NTG Values from Other Recent Upstrearmn CFt Evaluations

Program Year
Program - . 2007 2008 .. 2009 2010

Ameren Illinois Utilities 83%
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. h Program Year i )

Program_ . 2007 2008 309 | 2010
Arferen Missouri - 959:6
APS ‘ 78% i
Rocky Mcuntain Power, Utah. _ 82% 87% l

: Rocky Mountain' Power, Washington. 89% 81% A
Séuthwestern Public Service'Company 81% l

_<Unnamed> Mid:Atlaritic Utility 80%
<Unnamed> Southwest Utility 75% 79%
Wisconsin Focus on Energy 75% 67% 62%
Xéél Energy r
NOTES:

Although the NTG ratio was computed for the CFL Campaign, no NTG adjustments were applied to the
program’s gross savings. Going forward, NTG adjustments will not be applied to the program’s savings
until required by the Commission and specified in the TRM.

3.2.3 Program Sampling

As described above, the EM&Y CSP reviewed a census of records submitted to PPL Electric by the CFL
Campaign CSP.
|

The EM&V CSP fielded customer telephone surveys in PY2 Q1 and PY2 Q3. The 'teiephone survey sample
frame was developed from PPL Electric’s customer database. To ensure that thele telephone survey would
provide useful results for both participants and nonparticipants while staying wnthm a reasonable
budget, the survey was conducted using the maximum and minimum target numbers for completed
interviews. \

]
For the PY2 customer surveys, the EM&YV CSP completed surveys with a total of 284 respondents (106
respondents in PY2 Q1 and 178 respondents in PY2 Q3) out.of the 1.2 million tota[ PPL Electric
residential customers. The PY2 survey efforts achieved 90/5 levels of confidence/precision.

3.2.4 Process Evaluation

The PPL Electric Implementation of Act 129 Energy Efficiency & Conservation Plan, Program Year One
Process Evaluation was submitted on September 15, 2010. The PY2 process eve%luation is filed
concurrently with this report.

3.2.5 Program Partners and Trade Allies
PPL Electric’s customer programs specialist provides general program management and oversight,

monitors the program, approves invoices and program data, and resolves program issues. A third-party
implementation CFL CSP, Ecos, warks on both the upstream and give-away CFL:Campaign components.
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For the program’s upstream component, the CFL CSP recruits manufacturer and retailer participants;
negotiates memorandum of understanding agreements with participant manufacturers; coordinates CFL
shipment and transportation logistics; coordinates CFL marketing and outreach with participating
retailers; tracks program data; and provides program reports to PPL Electric. The CFL CSP uses a broad
range of retailers, including chain stores (e.g., national big box and mass merchandise retailers) and
smaller local and independent stores throughout PPL Electric's service territory. The CFL C5P is also
responsible for establishing convenient drop-off locations for CFL recycling in PPL Electric’s service
territory.

For the give-away program component, the CFL CSP and PPL Electric recruit community-based
organizations (CBOs), retailers, home show coordinators, and other local organizations to participate in
CFL give-away events. These events are used as a forum for education and outreach to increase
customer awareness of {1) CFL benefits, (2} appropriate CFL use and installation, (3) CFL safe handling
and recycling, and (4) the range of EE&C programs that PPL Electric offers. The CFL CSP negotiates with
CFL manufacturers to distribute CFLs at these events, and provides point-of-purchase displays and
educational materials for use at the events.

The CFL CSP maintains a call center to respond to all end-use customer questions about the CFL
Campaign. While the CFL CSP handles the majority of marketing for the program, the marketing CSP
oversees the general branding of the program marketing materials. Retailer trade allies sell qualifying
CFLs to end-use custorners.

Typical delivery processes for the upstream buy-down and give-away components of the CFL Campaign
are shown in Appendix C of the EM&V Plan. Trade allies include participating and nonparticipating
manufacturers and retailers. Participating manufacturers and retailers were identified through the CFL
CSP’s monthly reports. Non-participating trade allies include manufacturers and retailers who were
approached by the CFL CSP and declined to participate, or who participated for a time and then dropped
out of the program. Additional non-participating trade allies were identified through secondary
research.

3.2.6 Program Finances
A summary of the program finances are presented in Table 3.7.

Table 3.7: Summary of Program Finances: TRC Test

Category 1Q PYTD CPITD
A1 | EDC Incentives to Participants $842,611 $3,495,765 $4,625,175
A.2 | EDC Incentives to Trade Allies S0 S0 50
A | Subtotal EDC Incentive Costs $842,611 53,495,765 54,625,175
B.1 | Design & Development™ $0 $0 S0
8.2 | Administration™ S0 50 50
B.3 | Management" $473,702 $1,503,004 $2,123,973
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_ | Category a . PYTD . CPITD
B.4 | Marketing™ $6,472 $31,479 $145,960
B.5 | Technical Assistance 50 SOE 50
B | Subtotal EDC Implementation Costs $480,174 $1,534£483 $2,269,933
EDC Evaluation Costs™ 50 s0} 50
SWE Audit Costs!” $0 $0) $0
Totaliutility TRC Costs $1,322,785 $5,0301248 $6,895,108
E | Participant Costs'™ N/A $10,957,879 $15,771,642
Total TRC Costs $480,174 $12,492,362 $18,041,575
-DiscountedCosts (TRC) N/A $12;495,éé2‘ $17,116,215
F.1 | Annualized Avoided Supply Costs —Residential'” N/A 575.99 $75.79
F.2 | Annualized Avoided Supply Costs — Small C&I N/A SGl.iO $61.10
F.3 | Annualized Avoided Supply Costs — Large C&I N/A S51.I14 $51.14
G | lifetime Avoided Supply Costs N/A 587,016,123 $120,425,530
Total Lifetime Economic Benefits N/A 487,010,123 $120,425,530
Discounted Lifetime Economic Benefits . - ,,N/-A\ $87;016,l’23‘ $113:980,335
|
..Program:Beneﬁt-_tmtést Ratio N/A 6:9';' 6:66
NOTES:,

Defmltlons for terms in this table are subject té TRC Order.,

- {al£DC evaluation, SWE. audrt, and a-majority of EDC lmptementatsomcosts are common and: arenot attiibutable tor 1nd:wdua| programs.
Common costs afe distilbutad £ sector portflins fof cost recovery-purposes; In, this report,, all common: costs are accounted 'for in the

DOleOItg
[6].Includes PPL Biectric and the. program- Csp's lmplementatwn, fianagerient; and oversnght of this’ program
[€] The] Darti€ipant costs réportédare. net incentives paid by PPL Electric. The lncremental costis equai 10 the sim of the incentives dnd the
par’acrpant costs.
{d] The annualized avoided supply Eodts represent the average anfual'avoided cost for the sector in.PYZ:

3.3 Custom Incentive Program

The Custom Incentive Program includes the following features:

programs,

Incentives for individual equipment measures or systems not covered ny other PPL Electric

Incentives based on avoided or reduced kWh/yr for implemented, cost; effectlve measures.
Incentives are limited to 50% of project costs.
PPL Electric will reimburse customers for up to 50%.0of the cost for a techmcal study of measures

eligible for Custom Incentive Program incentives, and may provide addltlonal study cost
reimbursement following the successful implementation of a cost-effective project.
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The objectives of the Custom Incentive Program include:

3.31

Providing customers with opportunities and the flexibility to reduce their energy costs and
increase their energy efficiency by implementing cost-effective measures that are not included
in other programs.

Encouraging customers to install high-efficiency HVAC, compressed air, and other measures or
processes.

Promoting strategies that encourage and support market transformation for energy efficient
products and services in the nonresidential sectors.

identifying new measures or technologies that should be added to the Efficient Equipment
Incentive Program or other programs and that no longer need to be treated as custom.
Promoting other PPL Electric EE&C programs.

Achieving energy savings of 140,459 MWh/yr and demand savings of 27 MW of peak demand
impacts with roughly 400 custom projects {anticipated to include over 1,500 measures) over the
initial four year term of the program.

Reducing the first-cost barrier and making high-efficiency equipment a more viable option for
customers through incentives that serve to partially offset the difference in costs between high-
efficiency equipment and standard (baseline) equipment. The incentives offered for technical
assessments reduce the cost of energy audits, thus expanding their use and leading to the
identification of cost-effective energy efficiency projects.

Program Logic

The Custom Incentive Program theory can be summarized as follows:

By providing rebates for high-efficiency equipment not included in other PPL Electric programs,
the Custom Incentive Program will increase market saturation and acceptance of high-efficiency
equipment. Customers will learn of the energy benefits and achieve energy and demand savings
by installing qualifying equipment. Increased market penetration of high-efficiency equipment
will further increase sales, leading to additional energy and demand savings.

The program logic model is shown in Table 1.4.1 of the Custom Incentive EM&YV Plan. The elements of
the logic model are as follows:

Program inputs: The program inputs include the targeted customers, support from PPL Electric
staff and from the CSP’s, rebates for technical studies and energy efficiency measures, support
from the trade allies, the QA/QC CSP, the efficient equipment, applications and forms, and
expertise.

Program activities: The primary program activities include the management and strategic
direction, the trade allies’ support, marketing, rebate form submission and processing, eligibility
verification and application processing, project development through trade allies, technical and
cost benefit analysis, evaluation of technical reports by CSP’s, installation of the equipment by
the customer or by a contractor, field verification of completed projects, and the adjustment of
energy savings estimates.
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s  Program outputs: Outputs include the marketing materials distributed, the marketing channels
utilized, referrals to other EE&C programs, customer applications procefssed, projects
developed, technical reports approved and qualified by CSP’s, projects completed, projects field
verified, and rebates processed. \

*  Short-term outcomes (one year}: Outcomes include more energy ef‘ficifency assessments
oceurring than would have happened in the absence of the program, installations of high-
efficiency equipment, repairs, and optimization or process changes that reduce electricity
consumption and peak demand in higher numbers than would have occurred without the
program. ‘

* Intermediate outcomes (two to three years): Outcomes incfude particibating structures using
less energy than nonparticipating structures. i

* Long:term outcomes (four to seven years): Qutcomes include PPL Electric meeting a goal of
reducing energy consumption by 140,460 MWh/yr and reducing peak demand by 27 MW by
2013 through this program.

3.3.2 Program Measurement and Verification Methodology i

A complete discussion of the M&Y methodology can be found in Chapters 3, 4,1Iand 5 of the Custom
|

Incentive QA/QC and EM&V Plan, !

|
Savings Realization Rate Methodology *
Each custom project was defined as being large or small. Large projects are |dentlfled in real time and
are all included in the impact evaluation sample. These projects generally havela large amount of
savings (currently defined as reserved {ex ante) savings greater than 500,000 kWh/yr). However, some
projects with savings below this threshold were included in the large stratum. 'I;'he entire population of
projects in this stratum will be verified and the results will not be extrapolated to other sites through a

realization rate. '
|

A sample of small projects was selected at the close of each program quarter. Savings for this sample
were verified and a realization rate was determined. The realization rate was applied to the population
of the projects in the small project stratum. .

Incentives were paid for 54 projects in the Custom Incentive Program in PY2. Ofthese projects, 42 were
included in the large stratum and have been (or will be) verified. There were a total of 12 small projects
in PY2, from which a sample of six were selected for verification

Verified savings for all projects in the large stratum and a sample of projects in the small stratum were
determined by foliowing site specific evaluation, measurement, and verificatiouiu plans (SSEMVPs). In
some cases, PPL Electric delays full or partial payment until the verified {evaluated) savings are known,
and will pay customer incentives based on these evaluated savings. In other cases, PPL Electric pays
incentives based on ex ante savings estimates or interim ex'post results.

Savings Realization Rate Findings
A summary of each project and its specific verification process is available in Ap}pendix D. Table 3.8
shows the total reported and verified savings for projects in the large strata.

\
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Table 3.8: Custom Incentive Program Reported and Verified Savings for Large Projects

Reported | E Verified
Number of. kWh/yr Reported kw Projects kwWh/yr “Verified kW-
Period ) Projects Savings. Savings Verified ©__ Savings' _Savihgs |
PY2 42 15,261,788 2,630 36 15,683,422 1,808
CPITD 43 15,300,430 2,633 37 15,739,153 1,813
NOTES: ’ '

Of the reported large project savings, six unverified projects account for 122,622 kWh/yr of reported
savings. Those projects will be verified using billing analysis once 12 months of post-installation data is
available.

There have been 12 small strata projects reported for the Custom Incentive Program in PY2. The total
reported savings for those small projects is 877,538 kWh/yr and 186 kw. A sample has been selected
and verification of these projects has been completed. Realization rates of 111% and 77% were found
for kWh/yr and kW savings, respectively. These realization rates were applied to the unverified small

projects. Using this approach, the verified savings for the small strata projects is 992,605 kwh/yr and

119 kW. Table 3.9 shows the total reported and verified savings for the Custom Incentive Program.

Tabte 3.9: PPL Electric Reported and Verified Savings for all Custom Incentive Program Projects

Verified
Number of Reported kWh/yr | Reported kW Verified ‘kWh/yr Verified kw
Period Projects Savings Savings Quantity Savings _ Savings
PYTD 54 16,139,327 2,818 42 16,676,027 1,928
CPITD 55 _ 16,177,968 2,820 43 16,731,758 1,932

'NOTES:

Table 3.10 shows the savings and realization rates for projects in the Custom Incentive Program.

Table 3.10: Custom Incentive Program Average Savings and Realization Rates

Reported Ex post
kWh/yr Reported kW kWh fyr Ex post kW Realization Realization
Period ~ Savings Savings Savings® Savings®! Rate (kWh/yr} Rate (kW)
Paid PY2 Q1. 53,359 3 150,071 37 281% 1,279%
7 Paid PY2 Q3 245,181 30 260,139 33 106% 109%

Paid PY2 Q3 5,377,136 1,638 - 5,796,242 614 108% 37%
Paid PY2 Q4 10,462,651 1,146 10,592,197 1,272 101% 111%
PYTD 16,139,327 2,818 16,798,649 1,957 104% 69%
CPITD 16,177,968 2,820 16,854,380 1,961 104% 70%

NOTES:
[a] These numbers reflect verified savings only.
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Net-to-Gross Ratio Methodology J
The EM&YV CSP developed PY2 NTG ratios based on self-reported data from par’ticipants, but no
adjustments will be applied to savings until required by the SWE. More detail regarding NTG
methodology and calculations can be found in Appendix B.
Free-Ridership Methodology ‘
The NTG ratio was determined through self-report participant surveys with a sample of participants. The
survey included spillover and free-ridership questions. The free-ridership batter;y of survey questions
were tailored to participants of the Custom Incentive Program. These questions were used to develop a
free-ridership score through a scoring matrix. More details about the free-ridership analysis and the
scoring matrix are included in Appendix B. No adjustments for the NTG ratio were applied to savings, as
specified by the PUC. Information obtained by computing the NTG ratio will be Iused only to refine and
improve program delivery.

|
Spillover Methodology
Participant spillover refers to the participant’s installation of measures in addition to those incented by
the program, and for which the program influenced the participant to install thé additional measures.
Participant survey respondents were asked if they installed any other measure% without receiving a
rebate, They were also asked if their program participation influenced their decision to install the
additional measures. Spillover findings are presented in the next section of thisireport. More details
about the spillover analysis are included in Appendix B.

Net-to-Gross Ratio Findings

Free-ridership Findings

Surveys were conducted with 19 participants who completed projects in PY2. R:espondents were asked
about the projects they completed, including whether they would have installed the same measures
without the Custom Incentive Program. Once the free-ridership scores were determined for each
participant, a savings-weighted score was computed. That is, the individual sco%e was multiplied by the
participant’s verified savings to determine a savings-weighted score. In this way, scores for very large
projects carry greater weight than scores for much smaller projects. The saving%-weighted free-ridership
score was 69% for this program. Since there were no spillover savings, the NTGiratio for the program
was 31%.

Spillover Findings !
Custom Incentive participants did not report installing any additional measures’without receiving a
rebate, Therefore, there is no participant spillover attributable to this program.

|

3.3.3 Program Sampling

As discussed above, the EM&V CSP defined each custom project as either largelor small. Large projects
are currently defined as having reserved {ex ante) savings greater than 500,000 kWh/yr, and were all
included in the impact evaluation sample. A random sample of small projects was selected for savings
verification at the close of each program quarter. :
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Incentives were paid for 54 projects in the Custom Incentive Program in PY2. Of these, 42 were placed in
the large stratum and were {or will be) verified. The remaining projects were defined as small projects.
There were a total of 12 small projects in PY2 from which a sample was selected {one from Q3 and 11

from Q4).

The EM&YV CSP will conduct EM&Y reviews of ali large projects. The small projects may be divided into
two strata, one populated with projects that have anticipated savings less than or equal to 500,000
kwWh/year but greater than 250,000 kWh/year (stratum one), and one populated with projects that have
anticipated savings equal to or less than 250,000 kWh/year {stratum two). This approach further weights
the EM&V research towards the larger projects. Additional detail can be found in the Custom incentive
Program Evaluation Plan. Savings thresholds will be periodically re-evaluated based on the distribution
of projects.

3.3.4 Process Evaluation

The PPL Electric Implementation of Act 129 Energy Efficiency & Conservation Pian, Program Year One
Process Evaluation was submitted on September 15, 2010. The process evaluation has been updated
and is filed concurrently with this report.

3.3.5 Program Partners and Trade Allies

For the Custom Incentive Program, key staff members include the PPL Electric EE&C programs director
and staff, the EM&V program manager and staff, and the PPL Electric staff and CSP developing the
EEMIS system (CGi}). In January 2011, PPL Electric hired a new third-party implementer to act as the C&l
CSP, KEMA (referred to as E-Power Solutions or EPS), who work with customers in this program. PPL
Electric staff and the C&I CSP will provide the participant and nonparticipant customer information to
the EM&V C5P, including name, address, telephone number, and account number.

Trade allies are entities that provide services for Custom Incentive Program participants. Trade allies
include, for example, HVAC contractors installing qualifying equipment, lighting contractors installing
qualifying lighting, contractors selling qualifying motors to customers, and contractors conducting
various audits or otherwise assisting with the program. Trade allies can be identified through customer
rebate applications and from records kept by the PPL Electric Custom Incentive Program managers, the
QA/QC CSP, or the Key Account Managers (KAMSs).

3.3.6 Program Finances
A summary of the project finances are presented in Table 3.11.

Table 3.11: Summary of Program Finances - TRC Test

Category 1Q ) PYTD -CPITD
A.1 | EDC Incentives to Participants $992,703 $1,392,314 $1,413,914
A.2 | EDC Incentives to Trade Allies $0 $0 $0
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. |iCategory B e _._.PYTD CRITD:
A | Subtotal EDC Incentive Costs $992,703 $1,392§314 $1,413,914
B.1 | Design & Development™ S0 $0] $0
B.2 | Administration! 50 SOE S0
8.3 | Management™ $355,321 $454,085 $553,123
B.4 | Marketing®™ 50 $0! sQ
B.5 | Technical Assistance 50 SOj )
B | Subtotal EDC Impiementation Costs $355,321 $454,085 $553,123
EDC Evaluation Costs'™ S0 $0€1 S0
SWE Audit Costs'™ 50 $0, $0
.| Total utility TRE Costs _ 5134025 | $1,8461395 | $1.967,037
€ | Participant Costs™ N/A $7,2231818 $7,225,989
Total TRC Costs, $355,321 $7,6771903 $7.779,112
; Discountéd Costs {TRC) . o N/A $7,677'§'903 . $7,210;377
]
F.1 | Annualized Avoided Supply Costs —Residential™® N/A $75.79 $75.79
F.2 | Annualized Avoided Supply Costs — Small C&l N/A 561-:10 $61.10
F.3 | Annualized Avoided Supply Costs — Large C&) N/A 551~:14 $51.14
G | Lifetime Avoided Supply Costs N/A $13,796,003 $13,852,748
| Total Lifetime EconomicBenefits NA | 413,796,003 $13,852,748
: Di'scouﬁéd Lifetime Economi::.lierieﬁts | . N/A ' $13,79é,003 512,830,822
J
‘ _ Program Benefit-to-Cost Ratio ] N/A na 180 i 178
NOTES: .

Definitions for terms in this table are sub;ect to TRG Order.

. [aleDC evaluation; SWE audit; and aimajority of. EDC implementation ¢osts are common and are not attnbutabte to individual programs.
Gommon costs'are distributed to sector portfolios for cost recovery purposes. In. this report, all common costs are'accounted for in the
porl‘follo
i[b} Iickudes PPL Electric’s implementatmn mariagément, and:ovérsight of this program.

[c] The participant costs reported-are net incentives paid:by PPL Electric. The.incremental ¢ost.js gqual to the sum af the incentives and the:
pammpant ‘costs. ;
[d] Thé adrivalized avoidéd supply. costs represent theaverage annuakaveided cost for the séctor inBY2;

3.4 Efficient Equipment Incentive Program !

The Efficient Equipment Incentive Program promotes the purchase and installation of a wide range of
high-efficiency equipment, including technologies appropriate to specific buildi!ng types and specific
sectors. The program provides customers with financial incentives to offset the!higher costs of energy
efficient equipment, and offers information on the features and benefits of enérgy efficient equipment.
Targeted equipment includes electric heating, cooling, lighting, water heating, appliances, and other
measures (FNERGY STAR-labeled equipment is specified where available). |
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The objectives of the Efficient Equipment Incentive Program include:

341

Provide customers with opportunities to reduce their energy costs and increase the energy
efficiency of their buildings.

Encourage customers to install high-efficiency HVAC, lighting equipment, and electric
appliances.

Support the use of high-efficiency and ENERGY 5TAR-rated equipment.

Encourage and support market transformation for high-efficiency appliances and equipment.
Promote other PPL Electric EE&C programs.

Achieve energy and demand savings.

Program Logic

The Efficient Equipment Incentive Program theory can be summarized as follows:

By providing a rebate for high-efficiency/ENERGY STAR-rated equipment (such as HVAC
measures, motors, appliances, and lighting), the program will increase market saturation and
acceptance of high-efficiency equipment. Customers will learn about the energy benefits and
achieve energy and demand savings by installing qualifying equipment. Increased market
penetration of high-efficiency/ENERGY STAR-rated equipment will further increase sales, leading
to additional energy and demand savings.

The program logic mode! is shown in Table 1.4.1 of the Efficient Equipment EM&V Plan.

The elements of the logic model are as follows:

Program inputs: The program inputs include the targeted customers; support from PPL Electric
staff, the CSP’s, and trade allies; and the efficient equipment.

Program activities: The primary pregram activities include management and strategic direction,
the trade allies’ support, marketing, rebate form submission, eligibility verification, education,
equipment installation by the customer or by a contractor, and rebate processing and payment.
Program outputs: Outputs include marketing materials distributed, customers submitting
rebate forms, customers verified as eligible, measures installed, and rebates paid.

Short-term outcomes (one year): Outcomes include increased program awareness, increased
customer and trade ally awareness of energy efficient equipment, and increased installations of
energy efficient equipment. Rebated equipment is installed, leading to immediate energy and
demand savings. Program effectiveness is confirmed through EM&V and QA/QC.

Intermediate outcomes (two to three years): Qutcomes include a reduction in annual energy
consumption and peak load, and lower electric bills for program participants.

Long-term outcomes (four to seven years): Qutcomes include PPL Electric meeting their goal of
reducing energy consumption by 716 GWh and reducing peak demand by 127 MW hy 2013,

PPL Electric | Page 69



11/15/2011 |Quarterly Report to the PA PUC

3.4.2 Program Measurement and Verification Methodology
a

The EM&V CSP used various methods to verify the reported program savings, dfetermine the savings

attributable to the measures, and determine the realization rate of the measures installed. These

methods included verification through surveys and a comparison of rebate recdrds and documentation
to EEMIS reported values. A sample of nonresidential measures was also verifie|d through site visits.

The energy and demand ex ante gross savings reported in EEMIS for the Efficient Equipment Incentive

Program underwent two levels of adjustment: :

|

1. First, EEMIS reported savings were adjusted to bring the reported ex ar?!te into alignment with
the TRM algorithms, correcting the deemed savings used as placeholders in EEMIS. This resulted
in the TRM-adjusted ex ante energy and demand savings values. The ex ante adjustments were
based on information about the systems installed through the program (configuration and
geographic location). This adjustment accounts for differences between planning assumptions
and installed equipment, and relies solely on information in the EEMIS tracklng database.

2. Second, additional adjustments were made to the TRM-adjusted ex ante savings to compute the
verified ex post savings. These adjustments reflect the results of M&V activities and account for
systems information {efficiency, tonnage, and features), installation rates, and equipment
qualifications collected through surveys, site visits, and records review.;

Non-Lighting Measures |

|
Ex ante Adjustments Methodology !
Ex ante savings reported in EEMIS were updated wherever possible based on actual participation
captured in EEMIS. These adjustments account for TRM savings calculations that vary by location,
configuration, hot water fuel, or equipment information such as size or eﬁiciean. In addition, these
updates account for any updates in savings calculations made to the TRM since: PPL Electric’s plan was
approved, including changes to TRM algorithms. These adjustments are based solely on information
provided by participants and reported in EEMIS, such as zip code (for location adjustments),
manufacturer and model information, or capacity. !
There is no additional information available in the EEMIS tracking database for isome measures that can
be used to update calculated savings. For those measures, all adjustments were made to the ex post
savings. Such measures include faucet aerators, motors, variable speed drives (VFDs), and large
commercial HVAC. |

Table 3.12 outlines the factors adjusted using EEMIS reported information in ca:lculating TRM-adjusted

ex ante savings.
|

Table 3.13: Summary of Ex ante Adjustments to Reported Savings

_Measure,- - Factors

_Room:-Air Conditioners Location {EFLH)
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Meisure o Factors o
-Centrai Air Conditioning Location (EFLH), Capacity, SEER, EER
Air Source Heat Pump ) k Location (EFLH), Capacity, SEER, EER
(DX) Packaged AC | Location (EFLH), Capacity, EER
Programmable Thermostats Location (EFLH)
ENERGY STAR Refrigerators Configuration
ENERGY STAR Clothes Wa'sﬁers- . Water heating fuel
ENERGY STAR Light Fixtures Fixture type
ENERGY STAR Dishwashers Water heating fuel
ENERGY STAR Dehumidifier | Pints per day
Heat Pump Hot Water Heaters Energy Factor
ENERGY STAR Copiers Images Per Minute
ENERGY. STAR.Scanners Images Per Minute
' ENERGY STAR Printers Images Per Minute
ENERGY STAR Ice Makers Ice.and compressor types
MNOTES:

Systematic reporting issues were also corrected in the TRM-adjusted ex ante savings. This only occurred
with commercial reach-in refrigerators where gquantities were incorrectly recorded, which is described in
more detail below.

Ex ante Adjustments Findings

Appliances

As described above, TRM adjustments capture recorded information from the EEMIS extract, correct for
planning assumptions, and generally correct any differences between recorded savings and TRM
savings. In the case of refrigerators, savings are recorded in EEMI5 as 80 kWh/yr per unit; the savings
associated with an ENERGY STAR-rated refrigerator with a top-mounted freezer and no door ice. TRM-
adjusted ex gnte savings are calculated using reported manufacturer and model number and the
ENERGY STAR qualificaticon list. The EM&V CSP found that the average savings for rebated refrigerators
is 87 kWh/yr.

Similarly, reported manufacturer and model number information provided configuration information
that increased the overall savings for dehumidifiers. The savings for dehumidifiers varies by pints per
day, and the EM&YV CSP found that the typical rebated dehumidifier has savings of 281 kWh/yr
compared to the reported 213 kWh/yr.

In the case of dishwashers and clothes washers, customer reported water heating fuel information
resulted in a slight increase to the TRM-adjusted ex ante savings. The rebate applications indicate that
the proportion of savings achieved by gas water heating customers is slightly lower than the proportion
assumed in EEMIS.
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RVAC |

The primary adjustment to programmable thermostats, roem air conditioners (BAC), CACs, and air
source heat pumps (ASHP) was to use equivalent full load hours (EFLH) based on the location of the
installed unit. Where appropriate, adjusted TRM ex ante savings also account for reported seasonal
energy efficiency ratio {SEER), energy efficiency ratic (EER), capacity, and heatmg seasonal performance
factor (HSPF) information. This group of measures was found to have higher TRM -adjusted ex ante
savings compared to ex ante reported savings. '

Because there is no TRM protocol for commercial thermostats, no savings are claimed for thermostats
installed in commercial settings. Residential thermostats were adjusted to EFLH assumptions in the TRM
that are specific to the city where the unit was installed. |
|
Commercial Refrigeration |
Commercial reach-in refrigerators were adjusted, as mentioned above, to correct for a data entry issue
with reported quantity. When a customer in PY2 applied for more than one reach-in refrigerator rebate,
the quantity was overstated. For example, one customer submitted a rebate for 80 units. EEMIS reflects
80 records, but each record has a recorded quantity of 80. Similarly, an appllcatllon for 14 rebates was
entered into EEMIS as 14 records, each with a gquantity of 14. The adjusted ex ante savings reflect the
corrected quantities.
|
Savings for ice makers differ based on ice and compressor types. The EM&V CSP used reported
manufacturer and model information and the ENERGY STAR equipment list to update the reported
savings. In general, the TRM-adjusted ex ante savings for ice makers were much higher than the
reported savings.

The remainder of commercial refrigeration measures required records review, %ite visits, or surveys in
order to calculate updated savings. For those measures, there are no TRM-adjustments to ex ante
savings. !

|
QOffice Equipment |
Office equipment rebated through this program includes ENERGY STAR fax mac:hines, copiers,
computers, and monitors. The ex ante adjustments for these measures reflect gpdates to the TRM and
images-per-minute specific for copiers, fax machines, and printers. Overall, these adjustments increased
savings. Savings for computers and monitors decreased slightly from reported savings, while copier and
fax machine savings increased after incorporating reported images- per—mlnutehn the savings
calculations.

|
Other '
This group of measures includes LED traffic signals, faucet aerators, high- effluelncy gas furnaces for
Residential Thermal Storage (RTS) customers, and ENERGY STAR light fixtures. ENERGY STAR light fixture
TRM-adjusted ex ante savings account for differing fixtures types as determined through manufacturer
and model information, which resulted in a slight increase in savings. LED traffic signals also slightly
increased as a result of updating the savings to reflect TRM-deemed values.
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There were no TRM-adjustments for high-efficiency gas furnaces. Savings for the gas furnaces were
evaluated through a billing analysis, described in the savings realization rate section.

While reported heat pump hot water heater (HPWH)} savings reflect planning assumptions, TRM-
adjusted ex gnte savings were calculated using the TRM and EEMIS-reported energy factor (EF)
information, resulting in a slight decrease in savings.

Table 3.13 and Table 3.14 show the TRM-adjusted ex ante savings for each measure category.

Tahble 3.13: Summary of Reported and TRM-Adjusted Ex ante kWh/yr Savings

' TRM-adjusted _ _ - TRM-adjusted
- ExonteSavings | Ex.ante Savings | ExagnteSavings | Ex.ante Savings

A {kwh/yr) (kWh/yr) {(kwh/yr) (kWh/yr)
Measure Category (per unit) {per-unit} {total). {rotal)
Commercial Refrigerators 1,701 830 16,401,521 8,000,372
Faucet Aerators 61 61 216,855 216,855
Motors 196,579 156,579 5,700,785 5,700,785
Chiller Pipe Insulation 4 4 68,582 68,582
Commercial HVAC 4,558 4,558 118,505 118,505
LED Traffic Signals 365 372 929,481 948,823
ENERGY STAR Dehumidifiers 213 281 799,602 1,053,497
Room AC 59 73 284,380 351,298
ENERGY STAR Refrigerators 80 87 2,464,480 2,670,265
ENERGY STAR Dishwashers 105 108 1,905,750 1,952,708
ENERGY STAR Clothes Washers 135 146 4,298,670 4,663,976
ENERGY STAR Light Fixtures 44 52 29,128 34,544
Programmable Thermostat 754 1,377 7,251,218 13,242,774
Centra! Air Conditioners 301 791 890,267 2,340,201
Air Source Heat Pumps 1,649 1,738 11,007,212 11,601,405
Heat Pump Hot Water Heaters 2,312 2,151 3,588,576 3,338,403
High-efficiency Gas Furnace 10,000 10,000 980,000 980,000
ENERGY STAR Computer 151 133 340,123 300,181
ENERGY STAR Copier 112 143 20,109 25,668
ENERGY STAR Scanner 253 253 7,590 7,580
ENERGY STAR All-in-One 253 253 38,709 38,709
ENERGY STAR Water Cooler 361 o] 2,166 0
ENERGY STAR Fax 14 78 294 1,638
ENERGY STAR Printer 156 156 39,312 39,312
ENERGY STAR Mgnitor 155 15 730,746 70,686
Programmable Thermostat
_(nonresidential) 754 0 853,528 0
NOTES:
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Table 3.14: Summary of Reported and TRM-Adjusted Ex ante kW Savings

|
¢

b TRM-adjusted o TRM-adjusted
. _ Exante Savmgs Ex ante Savings | Ex dnte Savi n“gs, Ex.anteé Savings,
: o {kW/yr) (kW fyr) (KW /fyr) - {kw/yr)
_Measure Category . {periugit) . (per unit), (total) {total)
Commercial Refrigerators: 0.23 0.11 2210 | 1,105
Faucet Aerators. 7 0.01 0.01 43 1 43
Motors 29.19 29.19 846 846
Chiller-Pipe Insulation B 0 ) 2| 2
Commercial HVAC ' 1.65 1.65 43 43
LED Traffic Signals.. 0.11 0.1t 79, 269
ENERGY STAR Dehumidifiers 0.04 0.01 132 | 41
Room Air Conditioners 7 0.05 0.06 251 \ 275
ENERGY STAR Reffigerators. 0.01 0.01 368 | 383
ENERGY STAR Dishwaskers 0.02 0.02 373 | 392
ENERGY. STAR Glothes Washiers 0.01 0.01 475 a71
ENERGY STAR Light Fixtures 0.01 0 4 2
‘ Programmablé Thermostat 0.05 - 523 ' -
Céntral Aif Conditioners 0.17 0.74 511 2,189
_ Air. Source Héat Pumps 0.12 0.41 794 : 2,767
Heat Pump Hot Water Heaters 0.22 0.2 344 | 310
“High-efficiericy Gas:Furnace 0.04 0.04 a 4
ENERGY STAR Computer ) 0.02 0.02 a6 a1
ENERGY STAR Copier, 0.02 0.02 3, 3
ENERGY STAR Scafiner 0.03 0.03 ! 1
ENERGY STAR All-in-Orie 0.03 0.03 5 5
ENERGY'STAR Wateéi Cooler 0.05 0.05 03 0
ENERGY STARFax o 0 0.01 005 . 0
‘ENERGY STAR Printer ' 0.02 0.02 5 . 5
ENERGY'STAR Monitor 0:02 0 98 | 9
‘Programmable Thermostat !
(nonrésidential) 0.05 0 62 ] 0
NOTES:

Savings Realization Rate Methodology for Non-lighting Measures

The realization rates for all measures incorporate installation rates, adjustments for non-qualifying
equipment, and adjustments for equipment details determined through the records review, surveys,
and site visits. ‘

The records review involved verifying information from EEMIS using rebate application forms, customer-
submitted supporting documentation, CSP recorded information, and databases from ENERGY STAR ar’

: PPL Electric | Page 74



11/15/2011 |Quarterly Report to the PA PUC

the Air-Conditioning, Heating, and Refrigeration Institute (AHR1). The EM&V CSP reviewed the
installation addresses and quantities of each measure for all equipment. Records review also verified
whether the rebated measure qualified for the program. This uncovered several instances where a
customer received a rebate for a measure other than what was purchased and installed. For example,
there were instances of CACs and ASHPs categorized as heat pump water heaters (HPWHSs} in EEMIS,
and thermostats were found under various other HYAC equipment. The realization rate corrects for
these issues. While all sampled records were reviewed for gquality assurance purposes, only records
reviewed with valid TRM-adjusted ex ante savings were used in calculating the final realization rate. This
avoids interpolating TRM-adjusted ex ante savings, which would result in a misleading lower reported
precision of the results. For those measures where no ex ante adjustments were made, realization rates
reflect the difference between reported and verified savings.

Over the course of PY2, the EM&Y CSP conducted site visits of nonresidential customers for verification
purposes. These site visits, along with records review, confirmed open variables necessary for
calculating savings. Telephone surveys verified the number of units installed and the addresses where
the units were installed for both residential and nonresidential customers. For selected measures,
information about open variables was collected through surveys.

In order to accurately capture the savings associated with high-efficiency gas furnaces, a billing analysis
was conducted for the census of RTS customers who received rebates for that measure. More detail
about that billing analysis is provided below.

Table 3,15 shows a summary of elements verified or validated for each measure as part of records
verification, in addition to installation and qualification rates.

Table 3.15: Summary of Verification Elements

: Site Visit Verified'
Measure Record Verified Elements Survey Verified Elements Elements L
SEER, capacity (tons), building SEER, capacity (tons),
Central Air Conditioners SEER, capacity (tons), EER type building type

Air Source Heat Pumps

SEER, capacity {tons), HSPF

SEER, capacity {tons), HSPF,
building type

SEER, capacity (tons),
HSPE, building type

Heat Pump Water Heaters

Energy factor

Energy factor

Room Air Conditioners

ENERGY STAR qualified

ENERGY STAR Lighting

| ENERGY STAR qualified, fixture

type, Watts

Fixture type

ENERGY STAR
Dehumidifiers

ENERGY STAR qualified, pints per
day

Pints per day

ENERGY STAR Clothes

ENERGY STAR qualified, hot water

Washers fuel type Hot water fuel type Hot water fuel type
ENERGY STAR ENERGY STAR qualified, hot water

Dishwashers fuel type Hot water fuel type Hot water fuel type
Programmable End-uses controlled, heating End-uses controlled,
Thermostats Heating fuel fuel heating fuel
ENERGY STAR ENERGY STAR qualified,

Refrigerators configuration Configuration
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B ) | Site Visit Verified
Measure: ' Record Verified Elements. Survey Verified Elements Eleménts
' Horsepower, efficiency, motar | Horsepower, efficiency,
B Horsepower, efficiency, motor type (ODP/TEFC), operating | motor type (ODP/TEFC),
Motors and VFDs type (ODP/TEFC), operating hours | hours ‘ operating hours

Commercial Reffigeration
Measurés

Volume, horsepower, case length,
case type (refrigerator/freezer},
tonnage

1

‘.
Case type, door type, tonnage,
horsepower, size, fan motor .
information

Volume, horsepower,
case length, case type,
door type, tonnage,
horsepower, size, fan
motor information

ENERGY STAR Office
Equipment

ENERGY STAR qualified , images
per minute (where applicable)

Commercial HVAC

fulkload and part-load I
efficiency, building type :

Duc‘tless.Heat Pumps

SEER, capacity {tons)

SEER, capacity (tons), indcori
and outdoor unit information

SEER, capacity (tons),
indoor and outdoor unit
information

Faucet Aerators

GPM

GPM

"NOTES::

Realization Rate Findings for Non-lighting Measures

Ex post savings were calculated for each measure based on the findings of the records review, site visits,
and telephone surveys. For verification activity sampling, measures were assigﬁed to one of three strata
for the residential and non-residential sectors: large, medium, and small. In the non-residential sector,
commercial lighting defined the largest stratum, and those results are described in a subsequent

section. The strata definitions for non-lighting are defined in Table 3.16.

Table 3.16: Strata Definitions

Sector. _ Stratum | Measure Groaps Included’ .
. L Medium | Commercial refrigeration and motors
‘Non-residential

Small HVAC, appliances, office equipment, other

Large HVAC {ASHP, CAC, Room AC, programmable thermostats)
‘Residential Medium | Appliances, HPWH

Small RTS, commercial refrigeration, office equipment, other
NOTES: ’ ’

!

. i |
The findings for each measure group are described below and realization rates:for each stratum are
outlined in the tables below. '

Appliances

Verification of appliances primarily consisted of a records review to validate thé quantity, verify
qualification, and determine the configuration of the appliance, in the case of r;efrigerators and
dehumidifiers. Surveys were used to determine water heating fuel type for dishwashers and clothes
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washers, while also verifying the quantity and installation rate. In general, these adjustments had a
minor impact on the realized savings.

Verified savings for residential refrigerators reflect units that did not qualify for ENERGY STAR ratings, of
which there were two, and records verified configuration information. Savings for three units were
updated for configuration findings. For clothes washers, records review, surveys, and site visits verified
the EEMIS reported fuel type. The adjustment to dishwashers was primarily due to non-qualifying units
that were included in EEMIS. One dishwasher was reported in EEMIS as having gas water heat, hut a
phone survey determined that the customer has electric water heating. Verified savings for
dehumidifiers reflect configuration findings.

HVAC

ASHP and CAC realization rates reflect the impact of verified SEER, capacity, and HSPF adjustments.
Units installed in commercial settings were updated to reflect the commercial HVAC TRM methodology.
Verified savings for units in commercial buildings were calculated using the commercial building type
determined through records review, site visits, or surveys,

Through records review, it was determined that ductless heat pumps (DHP) had been mistakenly
rebated. Of the verified ASHP, a total of eight units were DHP. Using manufacturer and model
informaticn, the EM&V CSP identified DHPs in the EEMIS data and analyzed those records using interim
TRM protocols. Because calculating savings for DHPs requires collecting information regarding the
location and number of indoor units and the types of heating/cooling systems replaced by the installed
DHPs, verification of DHPs relied on survey and site visit data collected in PY2 Q4. This allowed for
determining baseline heating and cooling systems, number of indoor and outdoor units, and the
location of indoor units. Site visits were completed for three commercial locations and surveys targeted
a census of residential customers who received rebates for DHP units. A total of six customers provided
responses to the DHP survey questions.

For thermostats in residential settings, phone surveys were used to determine the controiled and
heating fuel used by participating end-use customers. Records review was used to verify the guantity of
thermostats installed.

Commercial Refrigeration

Commercial reach-in refrigerators had a low realization rate due to data entry issues. The majority of
rebates issued for this measure went to customers who installed residential-sized refrigerators. The
difference in reported savings for these measures are significant: the estimated savings used for
reporting purposes are 1,197 kWh/yr for commercial reach-in refrigerators and 80 kWh/yr for
residential refrigerators. While the administrative CSP issued the correct rebate for residential
refrigerators, the higher savings value of 1,197 kWh/yr was reported instead of the appropriate 80 kWh
savings value. In some cases the residential-sized units did not qualify for ENERGY STAR ratings and, in
other cases, were apartment-sized. The realized savings corrected for all of these issues.

Savings for refrigeration compressor VFDs followed the interim protocols in verifying savings. Site visits
and records review were used to determine compressor HP and refrigeration tonnage.
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Only one customer received a rebate for chiller pipe insulation. The site visit vefrified the tonnage and
efficiency of the chillers, and a site specific EM&V plan was developed and submitted to the SWE. The
verified savings for that project are 12.4 MWh/yr compared to the reported 68}6 MWh/yr.

Records review, site visits, and surveys were used to verify quantity and open vJ,ariables for display cases,
evaporator fans, and anti-sweat heater controls. EEMIS reported values reflect jper-project planning
assumptions that pre-date TRM algorithms. In those cases, there is no direct correlation between
reported and verified savings. Verified savings were calculated using the 2010 TRM and data collected
through verification activities. |

Motors
The verified savings for efficient motors were Jower than reported in early PY2 apphcanons due to
double-counting of VFD savings. The rebate inventory form for efficient motors included savings for
VFDs installed on the motor. When a customer who received a motor rebate separately applied for a
VFD for the same motor, those VFD savings were captured twice. This issue has been corrected in the
current inventory form.
Similarly, issues with the inventory form caused VFD energy savings to be higher than reported. While
the 2010 TRM calls for using the baseline efficiency to calculate savings, correct savings are calculated
using the nominal efficiency of the motor, consistent with SWE’s analysis of VFDs. Verified demand
savings were also lower due to a missing demand savings factor (SVG) adjustmgnt in the reported
savings calculation. This issue has been resolved in the current inventory form.;

|
Because TRM protocol applies to motors with HP greater than or equal to 1.0, verified savings for
motors under 1.0 HP are zero.
Office Equipment |
The overall realization rate for office equipment is below 1.0 because equipment failed to qualify for an
ENERGY STAR rating or the incorrect quantity was recorded. Records verlflcatlon also validated model
information such as images per minute. i

|
Because there is no TRM protocol and assumed savings are low, no savings are|claimed for water
coolers. PPL Electric will no longer offer rebates for this measure. |

|
Other
In order to estimate gross energy impacts of fuel switching for residential thermal storage customers,
the EM&Y CSP conducted a billing analysis for a census of participants. ThrOUgﬁ this hilling analysis,
weather-normalized annual consumption was estimated, controlling for weather, individual fixed-
effects, and participation in other energy efficiency programs. The analysis detgrmined that the average
participating site saved 12,508 kwh annually. This analysis shows that the per-ynit ex ante savings value
of 10,000 kWh/yr was a conservative estimate of program performance.

|
i
ENERGY STAR light fixtures had lower realized savings due to differences in re;ﬁorted quantities.
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The sole adjustment to the realization rate for HPWHs was for a record that was a DHP. Reported
quantity and energy factor were all verified.

The following tables summarize TRM-adjusted ex ante and verified {ex post) savings for each defined
stratum in the Efficient Equipment Incentive Program, excluding commercial lighting which is addressed
below. The realization rate for each stratum is also shown. The first table addresses energy savings and
is followed by a summary of demand savings.

Table 3.17: Summary of TRM-Adjusted Ex ante and Ex post kWh/yr Savings

" TRM-adjisted’

Ex ante Savings

Ex post Savings

Sector  Stratum __ _ Measure Groups _{kWH/yr total) _ ,,{k\'fvh[yr, total). | _Realization Rate
Commercial refrigeration and
_ . Medium motors 13,699,034 8,698,338 63%
Non:residentiat - -
HVAC, appliances, office equipment,
Smail other 2,078,467 1,656,218 80%
HVAC (ASHP, CAC, RAC,
Large programmable thermostats) 27,295,488 23,026,235 84%
Residential Medium Appliances, HPWH 13,426,101 13,403,307 100%
RTS, comimercial refrigeration, office
Small eguipment, other 1,216,002 1,510,193 124%
NOTES:
Tabie 3.18: Summary of TRM-Adjusted Ex ante and Ex post kW Savings
TRM:adjusted' .
Ex ante Savings | Ex post Savings Realization
Sector Stratum Measure Groups {kW/yr total) (KW/yr tota[} Rate
Commercial refrigeration and
Non-residential Medium motors : : 1,940 924 48%
HVAC, appliances, office equipment,
Small other 503 668 133%
HVAC (ASHP, CAC, RAC,
Large programmable thermostats) 5,126 4,240 83%
Residential Medium Appliances, HPWH 1,566 1,564 100%
RTS, commercial refrigeration, office
Small equipment, other 44 133 303%
NOTES: ’

Lighting Measures (non-residential)
In PY2, nonresidential lighting measures accounted for over two-thirds of the Efficient Equipment
Incentive Program ex ante savings. Because of this large contribution to the program and portfolio
savings, M&V for lighting measures was conducted independently from that for all other program
measures. Following are summaries of the separate M&V methodologies used for both lighting and

other measure categories,
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A stratified sampling approach was used to determine the realized or ex post k\a‘Nh/year and kW savings
for lighting measures in the Efficient Equipment Incentive Program. The EM&V CSP conducted file and
site reviews for the sampled projects, and collected HOU data for a subset of pr'ojects Verified savings
were developed for each sampled project, and the results were applied to the populatlon of all

completed projects to report the program ex post savings.
|

Ex ante savings adjustments were made to EEMIS to correct for systematic discrepancies between the
TRM and EEMIS regarding savings values and assumptions, and to correct for known data entry errors
such as double counting. Adjusted ex gnte savings quantities show what EEMIS would have reported if it
conformed to the TRM and it had not made repetitive errors.

|
Ex post savings are determined by the EM&Y CSP; they include ex ante adjustm:ents and sample-based
adjustments. For the Efficient Equipment Incentive Program lighting measures, the realization rate is the
ratio of EM&Y CSP determined ex post savings to the EEMIS ex ante savings. |

Ex ante Adjustment Methodology for Lighting Measures
Two types of ex ante adjustments were made as part of the EM&V review; one type for Q1 records and
the other for Q2 — Q4 records. .
|
The Q1 EEMIS records had three types of systematic errors: |
l
¢ Double counting of savings for application packages that included both‘an Appendix C inventory
form and a rebate application. |
e Zerosavings for application packages without Appendix C inventories that had measures for
which no baseline was defined in EEMIS. ‘
e Zero savings for controls-only projects without an Appendix C inventor\?.

The EM&Y CSP developed Q1 adjusted ex ante savings as follows: ‘

* Removed the second record of each double-counted project found in EI‘EMIS.

e Developed kwWh/yr and kW savings for common retrofit fixture/lamp types and multiplied those
savings by the count of rebated fixtures/lamps to populate zero savingsi records. Fixture/lamp
savings were derived from an analysis of Q2 projects, which were required to include an
Appendix C inventory. Savings were developed for six fixture/lamp types that accounted for
approximately 99% of all installations. No savings were developed for s;'even additional
fixture/lamp types due to a lack of data in Q2.

* Developed average kWh/yr and kW savings for controls-only projects and multiplied those
savings by the count of rebated controls to populate zero savings records. The average savings
per control was derived from an analysis of Q2 projects. |

Table 3.19 summarizes the effects of the ex onte adjustments made in Q1. ‘
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Table 3.19: Q1 Ex ante Adjustments, Lighting

TRM-adjusted Ex ante

' Adjustment 1: 7
Unit-of Ex.ante ‘Remove Double Adjustment 2: Backfill Adjustment’3: Backfill TRM ex ante
Savings Savings Counted Savings Savings for. Fbxture Types Savings for. Controls Adjusted
kwhiyr | 22,169,121 -9,892,584 2,418,149 1,253,211 15,947,907
kW 3,526 -1,392 432 135 2,701
NOTES:

Out of a population of 1,886 applications in Q2, Q3, and Q4, 58 had zero ex ante kWh/yr savings and 20
with negative ex ante kWh/yr savings. The EM&V CSP assumed that these records represented
systematic error(s}. The 78 projects were removed before sampling and were evaluated separately from
the sample. Thus the ex ante adjustments in Q2-Q4 consist of removing savings. Table 3.20 summarizes
the ex ante adjustments.

Table 3.20: G2 - QA4 Ex ante Adjusted Savings, Lighting

Ex ante (kWh/yr) | TRM-adjusted EX ante (kW)
153,160,169 152,954,432

29,851 30,166

NOTES:

Savings Realizatioh Rate Methodology for Lighting Measures

The general approach to verify gross savings impacts for lighting measures is to draw a random sample
of completed projects, determine the actual savings for each project in the sample based on as-built
conditions observed during site visits, and to then multiply the ratio (the realization rate) of actual (ex
post) to reported {ex ante) savings for the sample to the population of all completed projects. The result
is the ex post savings for the program.

The sampling strategy for lighting measures is to weight the selection towards the largest contributors
to savings. Specifically, 50% of the sample is drawn from the largest projects that account for 50% of
program kWh/yr savings, 30% of the sample is drawn from the remaining largest projects that account
for the next 30% of savings, and finally 20% of the sample is drawn from the remaining 20%. The net
effect is that nearly one in three projects that account for 50% of the program ex ante savings was
included in the PY2 review sample. Table 3.21 summarizes the stratification and sample distribution for
Q2 -Q4.

Table 3.21: Sampling Summary, Q2-Q4

Stratum Sample Sirz'ém 7 I
{percent of ex ante kWh/yr) Number of Projects {number of projects) Percentage of Projects Reviewed
50% 96 30 31%
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Stratum i o ~ simplesize o
_{percent of.ex dnte kWhjfyr) . Nuimnbei of Projects | . _(humber of projects) | ‘Pércentage of Projects Reviewed;
30% B 269 18 | 7%
20% 1,443 12 | 1%
Total 1,808 60 | 3%

"NOTES!

The sample was designed to report savings with a 10% precision at the 90% confidence level, assuming a

0.50 coefficient of variation.

The sampling approach described above was modified for Q1 due to the need t%):

e Address the double-counting and zero savings data issues that required: ex ante adjustments.

Comply with a SWE directive (since rescinded) to review each lighting project with savings
greater than 50 kW plus a sample of smaller projects.

in Q1, the EM&Y CSP conducted 37 site visits and 29 telephone verification interviews for a total of 56
project reviews out of the population of 104 completed projects.

The tasks involved in conducting an EM&V review of projects in a sample includ;e:

Reviewing application files for data accuracy and compliance with TRMirequirements.
Conducting on-site reviews at customer facilities of a sample of the Iighfing equipment
contributing to the application savings in order to determine the as-built condition for the
project. ‘

Conducting light logger studies or interval data analysis at selected facilities to determine actual
lighting operating hours. '

Conducting interviews with customers to determine baseline and retrcn"it fixtures and to
estimate operating hours. !

Based on the findings from the previous steps, revising the Appendix C inventory to re-calculate
the application savings; this is the ex post savings for the sampled projects.

Table 3.22 summarizes the number of site visits, record reviews, and telephone surveys conducted in
PYZ2. All projects selected for a site visit were also subject to a file review; telephone interviews were
conducted primarily to develop the data needed for ex onte and ex post adjustlj'nents.

Table 3.22: Summary Counts of Site Visits, Record Reviews and Telephone Surveys

aotr | Site Visit, Recéid.Review ‘Teléphone Survey |
Qi 37 69 29 |
Q2 20 59 32 t
Q3. 19 43 24

Q4 20 a1 21 %
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L Qtr  SiteVisit | Record Review _ | Téléphone Survey,
Total 100 179 74
NOTES: T - )

The EM&YV CSP also conducted an HOU study for retrofitted fixtures installed in Q2 — Q4. The study was
commissioned because site reviewers were reporting significant discrepancies between their estimates
of actual hours and TRM-stipulated values for warehouse and manufacturing at light industrial facilities.
Actual HOU was determined through light logger studies and/or analysis of 15 minute utility meter data
obtained from PPL Electric. Projects were enrolled in.the study if: 1} the site reviewer estimated that the
actual HOU differed from TRM values by + 50%, and 2) the project was in the large or medium sampling
stratum. Twenty of the 60 projects in the Q2 — Q4 sample met the selection criteria. For these 20
projects, ex post kWh/yr savings are based on actual HOU. In all cases the actual HOU was greater than
the TRM values.

The ratio of the EM&V CSP savings to the EEMIS reported savings {ex post to ex gnte) is the realization
rate for the sample. Program ex post savings are obtained by multiplying the PY2 ex ante savings by the
realization rate as shown in Equation 3-1.

Equation 3-1
| LW 1
__.R’-!Vfl-’ KW gympose miReRIfzZatian Rate} & | mf KW gxmanate §
¥r B ‘

Ex post Adjustments for Lighting Measures (non-restdential)

In parallel with the development of realization rates, the EM&V C5P conducted a separate review of the
58 zero ex agnte savings and 20 negative ex ante savings projects enrolled in Q2 — Q4. The objective was
to determine:

» Verified savings for projects that had received incentives but reported zero savings.
e Whether negative savings values were correct.

Reviewers conducted 33 customer telephone interviews and file reviews, and reconstructed appendix
inventories for each project in the sample. The savings for the reviewed projects were normalized to
incentive dollars (known with certainty from EEMIS) to create median kwWh/S and kW/$ factors for both
zero and negative savings projects. The factors were multiplied by the incentive dollars for each zero
and negative savings project to determine the total savings for each quarter for the population. The
result was added to the ex post savings calculated in the sampling methodology shown in Equation 3-1.

Nearly all zero savings projects were a result of incomplete applications that did not include an Appendix
C lighting inventory form. Negative savings projects were nearly all due to replacing standard T-12

lamp/ballast fixtures with high output ballasts fixtures and/or an increased number of lamps.

Table 3.23 summarizes the adjustments for zero and negative savings projects
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Table 3.23: Summary Zero and Negative Savings Projects and Adjustments

‘ o Ex ante ol Bepost
Report Period, | ﬁrbje&g'. " kWh/yr. T kW kWhhr " W
Q2 51 .1,634 315.50 2,147,089 | 450.67
as. 21 -186,274 -14.08 210,602 -36.92
a4 6 -17,828 13.40 461,370 | 88.89
PY2 ) 78 -205,737 315 2,397,857 503
:“NDTESE ) o o i -I i

Realization Rate Findings for Lighting Measures
PY2 ex post savings for lighting projects are reported in this section at the 90% confidence level and with
10% and 7% precision for kWh/yr and kW, respectively. The coefficient of variation for the PY2 kWh/yr

savings is 0.55, and this value will be used in determining sample sizes in PY3. |

T

|
t

Table 3.24 summarizes kWh/yr ex-ante and ex-post savings by quarter for PY2, iwhile Table 3.25
summarizes the kW impacts. shows the savings by sector. '

Table 3.24: PY2 Savings Surnmary by Quarter, kWh/yr

Ex‘ante Reported Ex.ante Adjusted ‘Eg('grgsf Vetiﬁ:ed
Period! {EEMIS, KWH /). {KWh/yi), {kWh/yr) | ‘Realization Rate.
a1 22,169,130 15,947,907 11,699,245 53%
s3] 56,116,346 66,114,712 58,291,162 88%
Q3 48,918,056 48,731,782 43,505,784 89%
Q4 38,125,766 38,107,938 44,227,760 116%
PY2Z 175,329,299 157,723,952 90%
" NOTES! N ) T o ) - ’

Table 3.25: PY2 Savings Summary by Quarter, kW

|
\
|
'

Ex ante Reported Ex ante Adjustéd FEX post Verified

Period , (EEMIS, kW) fkw) .. (kW) Realization.Rate
a1 3,526 2,701 2,564 . 73%

Qz 13,046 13,362 10,838 83%

a3 8,958 8,944 8,795 . 98%

Q4 7,846 7,860 6,847 | 87%

PY2 33,377 29,043 87%
NOTES: -
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Table 3.26: PY2 Savings Summary by Sector

Exgdnte
Reported ‘ Realization- Ex post Ex.post
(EEMIS, | Yof Ex ante Reported. Rate Realization | Verified Verified
Sector KWh/yr) | Total {EEMIS, KW) {kWh/yr) | Rate{kW) | {kWh/yr} (kw)'
Gov't/Non- 29,268,53
Profit 32,535,521 19% 7,269 90% 87% 0 6,325
50,092,19
Large C&! 55,683,548 32% 7,660 90% 87% 4 6,665
Residential 407,558 0% 121 90% 87% 366,670 105
77,996,55
Small C&{ 86,702,632 49% 18,327 90% 87% 3 15,947
157,723,9
Total 175,329,299 100% 33,377 90% 87% 52 29,043

NOTES:

Net-to-Gross Ratio Methodology

Free-ridership Methodology

The NTG ratio was determined through self-report participant surveys with a sample of participants. The
survey included spillover and free-ridership questions. The free-ridership battery of survey guestions
was tailored to fit the measures installed by participants of the Efficient Equipment Incentive Program.
These questions were used to develop a free-ridership score through a scoring matrix. More detail about
the free-ridership analysis and the scoring matrix is included in Appendix B. No adjustments for the NTG
ratio were applied to savings, as specified by the PUC. Information obtained by computing the NTG ratio
will be used only to refine and improve program delivery.

Spillover Methodology

Spillover refers to reductions in energy consumption or demand caused by the presence of the energy-
efficiency program. These are savings beyond those achieved by participants in the program. Participant
spillover refers to the participant’s installation of measures in addition to those incented by the
program, where the program influenced the participant to install the additional measures.

Participant survey respondents were asked if they installed any other measures without receiving a
rebate. They were also asked if program participation influenced their decision to install the additional
measures. Spillover findings are presented in the next section. More detail about the spillover analysis is
included in Appendix B.

Net-to-Gross Ratio Findings

Free-Ridership Findings

Table 3.27 shows the results of a free-ridership analysis of three participant groups for the Efficient
Equipment Incentive Program. Residential survey responses were used for an overail program-sector
estimate, while nonresidential customers were analyzed in two separate groups. The first group
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|
comprises customers who received incentives for commercial lighting projects. The second group is all
other nonresidential participants. i

|

Table 3.27: Summary of Free-ridership Scores

|

' Participant Group Réspondérits Freé-ridership Score ‘
R’esident}ar, 224 52%

Nonresidential (lightihg) 99 47% '

Nonre;id_ential [non-lighting) 42 15% I

- NOTES: ’ i |

Spillover Findings |

Of residential survey respondents, 27% (60 of 224), and 24% of commercial sector respondents {34 of
141), stated they made energy efficiency improvements without receiving a rebate. Of these
respondents, 28 of residential sector respondents and six nonresidential respondents stated that the
Efficient Equipment Incentive Program was highly influential to their decision to install efficiency
measures, and it was unlikely they would have installed measures had they not:been influenced by the
program. '

Over half of residential respondents (56%) who installed additional equipment stated they relied on the
efficiency rating or ENERGY STAR label to determine that the measure was energy efficient. The
remaining relied on dealers or some other means to determine if the measuresjwere energy efficient. Of
the 12 nonresidential sector respondents, six relied on the efficiency rating or labeling to determine that
the measure was energy efficient. The remainder relied on dealer information, ‘rebate requirements, or
third party reports. !

Residential respondents who were highly influenced by the program in their de:cision to install additional
equipment reported installing 188 CFLs, in addition to six refrigerators, four clorthes washers, a heat
pump hot water heater, two room air conditioners, and two heat pumps. Nonresidential customers
primarily reported installing lighting, with only one customer indicating instaliirig a heat pump.

]
The analysis of responses yielded an overall score of 6% for residential spillover and 4% for
nonresidential spillover. The summary of NTG results is presented in Table 3.28. The residential and
nenresidential {(non-lighting) analyses were calculated at the 90% confidence Iel'vel.

Table 3.28: Summary of NTG for Efficient Equipment Incentive Program’
]

" Participant Group, __ Respondénts | Free-ridershipScore: | Participant Spillover. | NTG NTG Precision

Residential 224 52% 6% Il sax% £7%
Nonresidential [Adn:lighting) 99 47% 4% i 57% 6%
Nonrésidential (lighting) 42 15% 0% ! 85% 7%

. NOTES®
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Details of the free-ridership and spillover analyses are presented in Appendix B.

3.4.3 Program Sampling

In March 2011, the SWE team issued a sampling Guidance Memao, updating discussions held in
November 2010. The EM&YV CSP revised the sampling plan according to the SWE’s November
instructions. Subsequent conversations with the SWE team and the release of the Guidance Memo
provide direction to change the sampling plans once more. The updated sampling plan will be used for
the final PY2 samples. The revised plan will be submitted to the SWE, and sampling plan updates will be
added to the Appendix of the program’s Evaluation Plan.

Table 3.29 shows the PY2 records verification compared to the target sample. The EM&Y CSP
anticipated that rebate forms for multiple quantities of the same measure would require a single
records review. However, in most cases, Helgeson Enterprises, PPL Electric’s administrative CSP, and
consequently EEMIS, tracked each rebated measure separately with no identifier to associate all rebates
included on the same rebate application form. To account for this, the EM&V CSP requested all records
(identified by the CSP Job Number) for customers selected in sampling (identified by their PPL Electric
account number),

Yable 3.29: Records Verification Sample for Efficient Equipment Incentive Program for PY2

Measure Group Record Verification Goal Records Verified
Hvac 10 300
Motors 40 13
Appliances 10 225
Refrigeration 10 42

" Office
Equipment 10 30
Lighting' 48 179
All Measures 128 839
NOTES:
[a] Counts are based on unique CSP Job Numbers. Some sites installed multiple systems;
and therefore have more thar one C5P job Number.

3.4.4 Process Evaluation

The PPL Electric Implementation of Act 129 Energy Efficiency & Conservation Plan, Program Year One
Process Evaluation was submitted on September 15, 2010. The PY2 process evaluation is filed
concurrently with this report.
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3.4.5 Program Partners and Trade Allies

PPL Electric does not currently employ a customer programs specialist to oversee implementation of the
Efficient Equipment Incentive Program for the residential sector. The exception}is for residential
appliances installed in commercial applications. Rebates for these measures coftinue to be processed
by the administrative CSP (Helgesan). J

. |
In January 2011, PPL Electric hired a third-party implementer to act as the C&I (%SP, KEMA (referred to as
EPS}). EPS began working with commercial customers in this program in PY2 Q4.,EPS reviews C&I
customer’s project applications and assists as needed. EPS reviews rebates for all C&I customers except
those with residential-sized appliances [clothes washers, room air conditioners, etc.), and works closely
with trade allies and assisted in the re-design of rebate applications in preparatiion for PY3.

PPL Electric’s KAMs promote the program and provide program support to PPL ‘Electric’s large C&l
customers. PPL Electric’s implementation staff manage, oversee, and monitor ﬁrogram performance;
ensure program information is available on PPL Electric’s ePower Website; pro\{ide trade ally outreach;
and train and manage the marketing and administrative CSPs.

U Marketing serves as the marketing CSP for the residential.and small C&I sectors. In this role, they
develop marketing and communication plans and materials, inform trade allies about the program
through direct mailings, and inform customers about the program through direct mailings and mass
media. Trade allies also promote the program by explaining the program benefits to their customers and
incorporating rebate values and program materials into their equipment sales afpproach. Trade allies
also install program-eligible equipment and support customers in submitting program documentation.

Helgeson Enterprises, the administrative CSP, responds to customer guestions through its call center
and is also responsible for processing residential rebates for this program, entefing all program data into
internal tracking systems, and uploading program data to EEMIS. Helgeson has transferred
responsibilities for working with nonresidential customers to EPS. The call cent(}zr phone number will
remain the same, but calls from nonresidential customers will be transferred to: EPS.

Trade allies are entities that provide services for participants of the Efficient Eq:i,uipment Incentive
Program. Trade allies include HVAC and lighting contractors.installing qualifying equipment and
contractors selling qualifying motors to customers. Trade allies are identified tHrough the customer
applications and from records kept by the PPL Electric Efficient Equipment Incentive Program managers.

Customer rebate forms include contractor information, as appropriate for the technology. The
administrative CSP records the contractor information in théir database. These Edata are uploaded to

EEMIS.

3.4.6 Program Finances I

A summary of PPL Electric’s project finances are presented in Table 3.30.
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Table 3.30: Summary of Program Finances: TRC Test

_Category Q. PYTD CPITD:
A.1 | EDC Incentives to Participants $6,921,862 625,938,902 $28,655,318
A.2 | EDC Incentives to Trade Allies S0 S0 50
A | Subtotal EDC Incentive Costs $6,921,862 425,938,302 $28,655,318
B.1 | Design & Development™ S0 S0 50
B.2 | Administration!™ $0 50 50
B.3 | Management™ $642,224 $788,508 $839,153
B.4 | Marketing™ $24,050 $30,111 $30,111
B.S | Technical Assistance S0 $0 $0
B | Subtotal EDC Implementation Costs $666,274 $818,618 $869,264
EDC Evaluation Costs! S0 S0 S0
SWE Audit Costs™ $0 $0 $0
Total Utility TRC Costs $7,588,136 $26,757,520 $29,524,582
E Participant Costs N/A $110,618,822 $115,850,409
Total TRC Costs $666,274 $111,437,440 5116,719,673
Discounted Costs {TRC) N/A $111,437,440 $108,465,048
F.1 | Annualized Avoided Supply Costs -Residential N/A $75.79 $75.79
F.2 | Annualized Avoided Supply Costs — Small C&I N/A $61.10 561.10
F.3 | Annualized Avoided Supply Costs — Large C&I N/A $51.14 $51.14
G | Lifetime Avoided Supply Costs N/A $2231,798,499 $234,244,843
Total Lifetime Economic Benefits N/A $222,798,499 $234,244,843
Discounted Lifetime Economic Benefits N/A $222,798,499 $217,741,251
Program Benefit-to-Cost Ratio N/A 200 2.01
NOTES:

Definitions far terms in this table are subject 1o TRC Order.
[a] EDC evaluation, SWE audit, and a majority of EDC-implementation costs are common and are not attributable to individual programs.
Common costs are distributed to sector portfolios for cost recovery purposes. In this regort, all common costs are accounted for in'the

portfolio.
[b} Includes PPL Electri¢’s implementation, management, and oversight of this program.

Fuel Switching Methodology
The EM&Y CSP surveyed customers who indicated on rebate forms that they had replaced a gas device.
The analysis of those results is presented in Appendix E.
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|
3.5 E-Power Wise Program |

|
The E-Power Wise Program serves PPL Electric customers with incomes at or bélow 150% of the federal
poverty level. The program is available to customers in single family housing an[d in multifamily housing
where 50% or more of the tenants gqualify as being low-income. The E-Power Wlse Program claimed
savings for the first time in PY2 Q3. ;
The program uses a train-the-trainer model, where the program CSP (ResourceiAction Program Inc., or
RAP) trains CBO staff and/or others identified by the CSP to provide energy woﬁkshops at locations
convenient to the targeted customer segment. Workshops have been held during days, evenings, and on
weekends, making the sessions accessible to as many low-income customers as possible. CBOs also
conduct one-on-one energy education sessions with custorners. Program outreach focuses on (but is not
limited to} attracting low-income seniors to participate. Customers attending each session were asked to
complete a survey (participant returned survey), and these survey results werejused to evaluate various
program metrics.

The objectives of the E-Power Wise Program include: ;

« Provide guality energy conservation and efficiency education to low-income customers, so they
can make informed choices about their energy use.

* Provide information about low-cost/no-cost energy efficiency strategie;s that low-income
customers can use in their homes.

s Provide low-income customers with energy efficiency measures in free{take-home kits, including
CFLs, electroluminescent nightlights, showerheads, and faucet aerators:.

¢ Obtain participation of no fewer than 7,200 customers through 2013 w‘[ith a total reduction of

1,080 MWh/yr and 150 kW.
3.5.1 Program Logic
The E-Power Wise Program theory can be summarized as follows:

Providing low-income customers with information about the steps they can take to reduce their
power consumption will enable them to make wiser choices about thei:r power usage. Providing
customers with a sample of low-cost, energy efficiency tools increases their familiarity with
those toels, promotes acceptance of energy efficient technologies, and encourages low-income
customers to seek out similar technologies themselves. As a result, the|program helps low-
income consumers save on their utility bills, reduces the energy burden on low-income
households, and lessens the utility’s baseload demand. |
The program logic examines key program features and describes linkages between inputs, activities,
outputs, and outcomes. The program logic elements are as follows:

i
s Program inputs: Program inputs include the target customers, PPL Electric staff support,
program applications and forms, and market actor support and experti;se.
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s Program outputs: Qutputs include free energy savings kits produced and disseminated to
customers, workshops conducted, trainers trained, and low-income consumers educated.
Quality control and measurement and evaluation procedures are activated.

¢ Short-term outcomes (one year): Qutcomes include training/workshops and free energy
efficiency measures (kits) that educate low-income customers about energy efficiency and help
them reduce their energy consumption and energy costs.

* Intermediate cutcomes (two to three years): Outcome is a more knowledgeable low-income
customer base. As this occurs, low-income customers will continue to make informed and
effective decisions about their energy use. This will result in additional energy savings, customer
satisfaction, environmental benefits, and PPL Electric’s customer base becoming more sensitive
to energy efficiency.

+ Long-term outcomes {four to seven years): Outcomes include low-income customer
participation in energy efficiency and cost savings, helping to improve their quality of life. Low-
income customers will continue to seek out energy saving improvements.

The E-Power Wise Program logic modei can be found in Section 1 of the E-Power Wise Evaluation Plan.
3.5.2 Program Measurement and Verification Methodology

A complete discussion of the M&V methodology can be found in Sections 3, 4, and 5 of the E-Power
Wise QA/QC and EM&V Plan. As described there, two savings adjustments are necessary to calculate the
E-Power Wise realization rate. The first, which adjusts the savings from the program’s plan to the
savings specified in the TRM, results in ex ante savings. The second adjustment, the savings realization
rate adjustment, incorporates the results of the program’s QA/QC records review and the measure
installation rate and behavioral change findings from the customer telephone survey. Both
methodologies, ex ante adjustment and savings realization rate adjustment, are explained in more detail
below; results from each adjustment are reported separately.

Ex ante Adjustment Methodology

This adjustment modifies the savings reported in EEMIS (reported ex ante savings} based on actual kit
measure characteristics. This adjustment accounts for differences between planning assumptions and
the equipment that was actually distributed to participants, and brings the reported savings into
alignment with the TRM. The results of this adjustment are the adjusted ex ante savings.

Ex ante Adjustment Findings
Table 3.31 shows the results of the TRM-adjusted ex ante calculations for the eight measures included in
each kit.
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Table 3.31: Reported and Adjusted Ex ante Savings per Technology and per Unit \

o - " Reported | Adjusted | Reported | Adjusted
Ex.ante, Exante | Exante | Exonte
i : Savings. | Savings | Savings | Savings
Sector . | Measure Clkwhfyr) | (kWhfye) | (kW) L (kw) | Factors
’ m Behawor—based CMP approved
by the SWE. No savings
: |ncluded in EE&C Plan for
) E'nergy_ Education 181 181 0.02 0.020 behavioral changes.
' Faucet Aerator - Interim TRM adjusted value
Bath. , 45 61 0.01 0.006 | {1.5gpm}™
Faucét Aerator - Interim TRM adjusted value
Low-Income | Kitcheri . 45 61 0.01 0.006 | (1.5 gpm)™!
Low-flow. Intenm TRM adjusted value
Showerhead 47 231 0.01 0.021 | {2 gprn)""
CFL 15W 41 40 0.002 0.002 TRM adJusted value (15W CFL}
CFL ZO0W 50 49 0.002 0.002 | TRM Ladjusted value (20W CFL)
Electroluminescent Interim TRM value of 26
_Nightlight 20 26 0 0 kWh[unit
" NOTES: ’ o o o
(] The kitchen and:bath aerators have rated’ gpms (kitchen = 2.0 gpm, bath = 1.0 gpm);that differ frém the'gpm. prowded tn the TRM! To
mamtann consustency with the TRM and feducé tonfusion.betweén the aerator typés, savings will be Based'on the rated'gnm provided-in
the TR ll 5, gpm)
[b] An adjus:menz was made tothe 'GPMIow’ variable of the caltulation provided in the TRM fér calculating low-flow.shawerhead energy
savings. The. TRM assufhed:a.GPMiow value of 1 S,.whereas the gpm of. the, low—ﬂow showerhead included' anﬁthe E:Power Wise Program

kit wias rated at 2:0: Thé calculition for savings attributéd to this measurein the E-Power Wise Program:kit used 2.0 gpm:

Savings Realization Rate Methodology |

The adjustment for a savings realization rate is derived from two components: the QA/QC records
review and the participant surveys. The methodologies for these components are discussed in detail
below. Note that while QA/QC records reviews are conducted on a quarterly basis, participant phone
surveys were conducted one time, in Q3. Participant surveys are also completed throughout the year in
the form of paper surveys, which are distributed to the participants in the prog;ram kits and mailed back
to the CSP.

QA/QC Records Review |

The EM&V CSP derived the QA/QC final PY2 realization rate from a review of all of the program
enroliment records for PY2. Participants’ PPL Electric account numbers, E-Power Wise Program kit
numbers, kit distribution dates, customer identification information, and otheridata stored in EEMIS
were compared with enrollment data stored in the CSP’s electronic database tcé ensure that records
were traceable between databases and to verify that the program was only colnting one kit per
household. This review was conducted on all PY2 records intorder to capture duplications that may have
taken place between program quarters. Once the number of kits attributable to the program was
verified, the EM&V CSP multiplied the ex ante measure-level savings (shown in Table 3.31) by the total
number of kits distributed to program participants, and then multiplied that total by the QA/QC
realization rate to derive program-level QA/QC adjusted (but unverified) saving:s.

Participant Surveys Methodology !
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Because of the relatively small impact of the program in relation to the overall consumption of the
participant graup, savings for energy saving measure instaflations and behaviors were estimated using
engineering calculations. Customer survey resuits are used to calculate ex post per unit savings for each
of the measures contained in the kit, as well as the savings associated with behavior changes. For
measure savings, installation rates were input into the calculations included in the TRM. Energy savings
attributed to behavior changes are calculated using the engineering algorithms for custom measure
savings calculations. These calculations are presented in the Measure Savings Calculations and Behavior
Savings Calculations sections of this report.

Multiple surveys were conducted in order to gather the data necessary to complete the engineering
calculations. These included:

s Participant kit surveys {written surveys): sent home with the participants as part of the kit and
returned to the CSP throughout the year.

s Participant phone surveys: conducted by phone with participants who returned a participant kit
survey to the CSP {respondents) and those who did not return the participant kit survey
(referred to as nonrespondents). These surveys were conducted in PY2 Q3.

Participant Kit Surveys

Each kit distributed through the program includes the participant survey reviewed and approved by PPL
Electric. Participants who return the survey are entered into a drawing with an opportunity to win a gift
card. In addition to questions designed to gauge satisfaction with the E-Power Wise Program, surveys
are used to collect the necessary data for calculating installation rates and actions taken as a result of
the program, and are ultimately used to determine the measure-level realization rate of the program.
Participant self-reported data collected through the surveys is used to verify measure installation;
however, the participant kit surveys did not contain many of the questions needed to collect the data
necessary for the behavior energy savings calculations.

Farticipant Phone Surveys

The phone survey was tailored to the participant kit survey in order to enable the results to be more
easily aggregated and compared between the surveys. However,.the phone survey diverged from the
written surveys in order to gather the specific data necessary to conduct savings calculations associated
with behavioral changes. Specifically, the phone survey was used to determine the following:

* Reduction of hot water heater temperature setting calculation based on yes/no response to
account for the likelihood that participants are unable to report the degree reduction
accurately.

* Location of clothes washing equipment (on-site in the home or off-site at commercial or
community locations).

* Percent of clothes {washing loads) washed in cold water before and after participation in the
program.

* Number of refrigerators and freezers in the home.
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e Number of months per year refrigerator/freezer was turned off before and after participation in
the program. ;

* Reduction in space heating temperature setting; calculation based on yes/no response to
account for the likelihood that participants are unable to report the degree reduction
accurately. '

* Increase in space cooling temperature setting, calculation based on yes'/no response to account
for the likelihpod that participants are unable to report the degree reduction accurately.

Phone surveys were also used to determine key participant characteristics thatjdefine baseline
consumption, including but limited to the fuel source for their water heater, prgésence of air conditioning
equipment, number and age of househald occupants, and pre-installation usag;e factors.

Sample Sizes !
All of the kit surveys returned by the participants were included in the evaluation of the program. A
sample of 70 participants who completed and returned a written survey and a $ample of 70 participants
who did not complete and return a written survey were randomly selected, meeting a confidence level
of 90% with precision of +10% for each group. These samples were achieved by providing the survey
firm with a randomized list of participants to call from each group. Table 3.32 presents the delivery
method, sample size, and functions of each of the surveys used in this evaluatia?n.

Table 3.32: Survey Data Collection for E-Power Wise . |

: impact Evaluation:
Belivery Sample | Procéss. Measure Installation] | Behavior Change
Survey - iMethod, | Frequency Size | -Evaluation | Energy Savings Energy Savings
' | Included All f

Participant Kit in kit quarters 851 (all} Yes Yes ‘ No
Respondent Phone PYZ Q3 70 Yes If necessary Yes
Nonrespéndent, Phone PY2 Q3 70 Yes If necessary | Yes

NOTES:. ~ ' T ' T ’

Program Savings Methodology

The EM&YV CSP calculated both measure savings and the impacts of changing hpusehold behaviors that
produce energy savings. Engineering algorithms and deemed savings calculations were combined with
data gathered through participant surveys to determine the characteristics of the average household
participating in the program and average energy savings. The algorithms and variables that are used to
calculate measure savings and behavioral savings are provided in Appendix G. |

Measure Savings
Electric impacts associated with measures installed through the program jare estimated based on
partially deemed savings values included in the TRM. 1

12 This is not a refrigerator turn-in or replacement activity. This activity relates only to unplugging existing
refrigerators or freezers. ‘
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The engineering algorithms for each of the measures for which the program is claiming electric energy
savings are provided in Appendix G. Participant survey data regarding measure installation rates and
secondary data on measure characteristics are used in the algorithms to calculate verified savings for
each measure.

Savings Realization Rate Findings
The savings realization rate adjustment is derived from two components, the QA/QC records review and
the participant surveys. The findings for these components are discussed in detail below.

QA/QC Records Review

A total of 4,050 participants were found in EEMIS pricr to the QA/QC records review. The QA/QC records
review found that 110 PPL Electric residential accounts had received more than one E-Power Wise
Program kit. Of those 110 records:

= Eighteen were duplicate records; the account number and kit number were repeated twice in
the database. These records were adjusted to reflect nine participants.

e Three were triplicate records; the account number and kit number were repeated three times in
the database. These records were adjusted to reflect one participant to meet the program
requirement of one kit per household.

s Eighty-six were participants who received two kits. These records were adjusted to reflect 43
participants to meet the program requirement of one kit per household.

s Three records contained a combination of duplicate records and duplicate kits. These records
were adjusted to reflect two participants.

Additionally, one PPL Electric account number found in EEMIS was not found in the enrollment data
stored in the C5P’s electronic database. This account number was removed from the analysis.

As a result of the QA/QC records review findings, the total number of participants in the program was
reduced to 3,995. This represents a 99% QA/QC realization rate for the-program.

Table 3.33 shows the QA/QC realization rates for each kit measure from the PY2 analysis. Because the
QA/QC realization rate is applied at the kit leve!, each of the eight measures distributed in the kit have
the same QA/QC realization rate. This adjustment correctly calculates the number of kits that should be
claimed.

Table 3.33: QA/QC Realization Rate for PY2

Qa/ac Kits
Kitsin Realization | Counted for

Sector Measure EEMIS Rate Savings

Low- Energy Education 4,050 99% 3,995
Income

Faucet Aerator — Bath 4,050 59% 3,955
Faucet Aerator — Kitchen 4,050 99% 3,995
Low-flow Showerhead 4,050 99% 3,995
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T T - Bl i - ) - Wdc Kits. I
E ‘ Kits'in Realization | Countedfor |
__:5ector Measure - - ) EEMIS' Rate Savings |
CFL: 15W 4,050 99% 3,995
" GFL20W 4,050 95% 3,995
Electroluminescent Nightlight 4,050 99% 3,995
.| KitTotal 4,050 99% 3,995
NOTES: T :
Participant Surveys

In total, 851 participant kit surveys were returned by the participants and included in the evaluation of
this program. In addition, phone surveys were conducted with 73 respondent a}nd 70 nonrespondent

participants. |

The results of the participant kit surveys and respondent and nonrespondent pkone surveys were
compared to determine the degree to which the overall installation rates differed. Due to the relatively
high sample of participant kit surveys, combined with the relatively small differ{ence in reported
installation rates between the survey types, it was determined that the particiﬁant kit survey installation
rates would be used to estimate overall measure savings across the population; of participants.
The behavior savings resulting from participation in the program was determinfed through analysis of the
phone survey results, as planned. However, participant response of behavior in the case of savings from
unplugging refrigerators and freezers was inadequate to estimate savings. |
Survey findings for each of the measure and behavior changes attributable to the program are provided
below. 1‘

»
Measure Savings
In total, 851 participant kit surveys were returned by program participants. Table 3.34 presents the
resulting installation rates for each of the energy saving kit items, as determined by the surveys. Note
that installation rates and ISRs are presented in terms of the number of participants who answered the
question, as opposed to the total number of people surveyed. ‘

Table 3.34: Installation Rates for Kit Measures Distributed Through Program )

; ) ‘Number of Pgople‘wﬁd ‘A-:iswerei:t z
. Méagiure Installéd: B . Question- . ' " Ihstallation (ISR}
| Bathroor Aerator 782 | 86%
| Kitchen Aerator 782 72%
Showerhead ) 829 - t 86%
_20WEFL 812 ,1 545%™
15W GFL_ o 819 | 96%
,_Nigﬁtlight " : 832 ' 95%
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Number of, People who Answered’
Measure Instatled . . . L Question ) J __ Instaitation {ISR)

NOTES: o
{a]iThe TRM provides an ISR of 84% for ENERGY STAR CFL bulbs. Howévér, bécause the ISR's determined through the suvveys for tfis program.
.are.more specific to this. population, these ISR's were used in place of the ISR provided in the TRM. .

The evaluation CSP was able to determine relative per-unit savings for each of the items included in the
kits using installation rates determined through the participant phone surveys and TRM algorithms.
Table 3.35 shows the savings attributable to each of the measures.

Table 3.35: E-Power Wise Program Measure Savings Per Unit

Measure;Installed Per-unit-Savings (kwhfyr) Per-unit Savihgs (kW)
Bathroom Aerator a4 0.003
Kitchen-Aerator . 52 0.004
Showerhead 199 0.016

20W CFL 54 0.003

15W CFL 46 0.002
Nightlight 25 0.0

NOTES:

Behavior Savings

As described in the methodology section, participant phone surveys were designed to capture the data
necessary to complete the algorithms developed for the CMP for this program. Results between the
respondent and nenrespondents were compared in order to determine whether there was a difference
between the groups. However, the results were similar and survey results were combined, resulting in a
total sample of 143 surveys in the final analysis. Because there are multiple variables for each of the
behaviors for which the program is claiming savings, the results of the phone surveys are presented
individually in Appendix G, with overall savings for the behavior changes presented along with the
measure savings in Table 3.36.

Participant Survey Derived Program Savings Results

The resulting savings per unit and per behavior change were used to calculate ex post savings. The
EM&V CSP muitiplied the total number of kits contained in the EEMIS database by the QA/QC realization
rate, and then by the survey-verified per-unit savings to derive program-level ex post savings, as shown
in Table 3.36. The total program energy realization rate is also provided.
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Table 3.36: PY2 Summary of Savings and Realization Rates for E-Power Wise Measures

) Survey, [ Survey
* Verified verified
Qafac Savings Savings Energy : Demand
Kitsin | Realization ‘Per. Unit Per Unit ‘Reailzatmn sﬁgaﬁzatic_m
_ Sectof | ‘Méasure EEMIS Rate (kWh/yr} {kw} Rate (%), Rate (%)
-Energy.Education 4,050 99% 146" 0.02 81% 100%
Faucet Aefator - Bath 4,050 99% 52 0.004 80% 68%
Faticet Aerator — !
Lo Kitthen 4,050 95% 44 0.003 68% 49%
owW- - :
Income L'cfw;ﬁcw,Showerhead 4,050 95% 199 0.016 74% 64%
| CEL15W 4,050 99% 40 0.002 110% 110%
. 1
CFL 20w 4,050 98% 49 0.003 105% 105%
Electrolumifiéscent ;
Nightlight 4,050 99% 25 NA 90% NA
NOTES: - ’ i ) )
fa] ThlS survey-varified valie Includesthé sum of béhaviors for which the program is clalmmg energy savings:- water heater plus
homie téfnperature energy savings. . . s == =

Since the sample was drawn at the kit/customer-level, the estimates above areinot mutually
independent. For example, the sampling error associated with faucet aerators i:s not independent of the
sampling error associated with CFLs, as the same customers were queried for e;ach measure’s
verification. This presents no problem when an individual measure’s savings estimate is considered in
isolation; each estimate in the table above is valid. Program-level precision estimates, however, would
be invalid if the individual results were rolled up for a program total without accounting for the
dependencies between measures in the sampling error. Because of this, the EM&V CSP’s final estimate
of program-wide savings employed a single realization rate, calculated by first rfolling up savings to the
kit/customer level (for TRM-adjusted ex ante and for ex post}, and then calcu[at;ing a single realization
rate which applies to the program-wide TRM-adjusted ex ante total. Since this approach employs a
single realization rate, rather than a collection of inter-dependent realization rates, standard variance
calculations yield valid program-wide precision estimates. The results from thlsjanalyms arein Table
3.37.

Table 3.37: PY2 Summary of Savings and Realization Rates for E-Power Wise Kits :

—

“Total Ex ante: Total-TRM: ‘ Precision
‘Reported adjusted Ex Total £x post Realization’ { with 85%
T Total:Kits Savings ante Savings Savings -Rate confidence}
kWh/yr 4.050 1,737,450 2,588,846 2,112,415 1 82% 5.6%
KW/yr ' 219 226 167 | 74% 1.4%
“NOTES: - ’ T o7 T ’

Table 3.37 contains precision calculations that are valid at the program level and used for calculating
final verified program savings. The measure-level calculations in Table 3.36 arefalso valid, and may be
used to inform discussions which do not critically rely on precision estimates for program-wide savings.
More detail was provided in section 1 of this report.
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Net-to-Gross Ratio Methodology
This program targets the low-income community, and no free-riders are anticipated among the
population receiving the kits. The E-Power Wise Program is assumed to have a NTG ratio of 1.0.

3.5.3 Program Sampling

The EM&Y CSP conducted a QA/QC review of a random sample of 70 participant enrollment forms in
PY2 Q1 and another 70 participant enrollment forms in PY2 Q3 {with 90% confidence and 10%
precision). The EM&V CSP alsc conducted quarterly records reviews comparing the CSP’s. electronic
database with EEMIS, as described in the program EM&V methodology.

To verify measure installations and behavior changes associated with the program, the EM&V CSP
conducted telephone surveys with a stratified random sample of 73 participants who returned the
written survey distributed with the kits and 70 participants who did not return the written survey.
Additionally, the census of participant kit surveys (851 total) that were returned by participants were
included in the analysis.

3.5.4 Process Evaluation

The PPL Electric implementation of Act 129 Energy Efficiency & Conservation Plan, Program Year One
Process Evgluation was submitted on September 15, 2010. The PY2 process evaluation is filed
concurrently with this report.

3.5.5 Program Partners and Trade Allies

PPL Electric’s customer program specialist oversees the program implementation. The customer
program specialist reviews and approves ail program marketing, educational materials, kit contents, and
reports; manages the program CSP; monitors program progress; and reviews all program data and
reports. .

PPL Electric’s CSP, Resource Action Programs (RAP), manages the program operation, Their
responsibilities include training CBO staff, designing and delivering the energy efficiency kits, providing
marketing and outreach support, maintaining and operating the customer service call center, and
collecting participation data and survey responses.

CBOs recruit customers for workshops and one-on-ane training, verify customer eligibility, deliver
energy efficiency training, and report to the program CSP on workshop attendance and kits delivered.
Participating CBQs receive an incentive for each kit they distribute.

3.5.6 Program Finances

A summary of PPL Electric’s project finances are presented in Table 3.38.
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Table 3.38: Summary of Program Finances - TRC Test |

:,Category o . [¢] . PYTD ) CRITD
A.1 | EDC Incentives to Participants $0 $0 $0
A.2 | EDC Incentives to Trade Allies s0 SO! 50
A | Subtotal EDC Incentive Costs S0 50 $0
B.1 | Design & Development"! $0 50 50
B.2 | Administration® $0 50 50
B.3 | Management® $44,010 $362,099 $410,401
B.4 | Marketing®™ $0 $0 50
B.5 | Technical Assistance 50 s0 50
B | Subtotal EDC Implementation Costs $44,010 $362,699 $410,401
i
C | EDC Evaluation Costs™ 50 1) 50
SWE Audit Costs™ 30 $0 $0
TotalUtility TRC Costs: 544,010 $362,009_ $420,402
E | Participant Costs N/A $0 50
Total TRC Costs A $44,010 '$362:099 $410,401
Discounted Costs (TRé)\ _ ) ) N)A '$362.099 $383,580
T
F.1 | Annualized Avoided Supply Costs —Residential N/A 575.‘5’9 $75.79
F.2 | Annualized Avoided Supply Costs — Small C&I N/A $61.5.0 $61.10
F.3 | Annualized Avoided Supply Costs — Large C&1 N/A SSl.i4 $51.14
G | Lifetime Avcided Supply Costs N/A 51,298,803 $1,298,803
) ' Total Lifetime Economic Benefits N/A - $1,298-,803 $1,298,803
Discounted Lifetime Economic Benefits .. N/A . 51*,298-,803 $1,202:596
N ' Program Beneﬁt—.to-Cost-Ratio _ _N/A. . 3.59 314
NOTES: :

Definitions for terms in this table are subjéct.to TRC Order.

[} EDC evaluation; SWE-audit,. and a:majority of EDC implerentation- costs are cpmmon and are not-attributzble to ir)hivi{jua"bprcgrams.
-Comrhon costs are distributed to séctof portfolios for cost Fecovery, puiposes. in this repart,'all common costs are accounted for inithe
portfolio. '

[Bl includes PPL Electric’s implementition, management, and oversightof this program. ! .

3.6 Low-Income WRAP

The PPL Electric Universal Services Program [USP) Low-Income WRAP existed pﬁor to Act 129 and has
offered services since 1985. WRAP is designed to reduce electric consumption and improve living
comfort for low-income customers. Eligible customers receive a free energy audit, in which their home is
evaluated for eligible energy saving measures. A pre-approved list of cost—ef'fec;tive measures is used
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along with other criteria to determine if appliances and cther larger equipment can be cost-effectively
replaced. Implementing agencies either use in-house contractors or they contract out installation of the
energy saving measures. Outdated and inefficient equipment in customer homes is replaced with energy
efficient equipment. Energy education is also offered through WRAP to encourage customers to
conserve energy.

Act 129 WRAP targets customers with incomes at or below 150% of the federal poverty level. The
program is available to customers in existing single family housing and existing multifamily housing with
three or more dwelling units, where 50% or more of the tenants are low-income qualified. The Act 129
WRAP seeks to reach new participants, as well as PPL Electric customers who received WRAP assistance
in the past and may be in need of further WRAP services and customers that may not have been eligible
for low-income assistance in the past due to eligibility rules, such as requiring at least one year of pre-
participation kWh usage data.

A more detailed description of the WRAP objectives and theory are provided in the program’s QA/QC
and EM&V Plan.

3.6.1 Program Logic
The program theory for Low-income WRAP can be summarized as follows:

Assisting low-income households that lack the resources to invest in energy efficient equipment
will reduce their household energy use, energy bills, and energy burden in order to help the
household stabilize bill payment and provide a more comfortable and energy efficient home.

The program logic model highlights the key program features, as understood by the EM&YV CSP,
indicating logical linkages between activities, outputs, and outcomaes.

The elements of the program’s logic model are:

» Program inputs: Program inputs include the targeted low-income population; the staff members
who implement various aspects of the program; energy audit and other technical equipment
necessary for program implementation; computer systems; energy education materials; and
applications, forms, and any other paperwork used in implementation activities.

s Program activities: Program activities include qualifying participants’ eligibility, conducting
energy audits and measuring eligibility assessments, installing energy efficient measures, energy
education, and referrals to other organizations.

* Program outputs: Program outputs include all of the immediate results from the program
activities, such as participant enrollment, income qualification of participants, audits completed,
repairs completed, energy saving measures installed, and customers served. Typically, items
that do not require verification or are not cost-effective to verify are included in the logic model
as outputs, but are not addressed separately in the Evaluation Plan.

e Short-term outcomes (one year): Qutcomes include establishing participant eligibility for
individual measures, improving the safety and heaith of participant homes, increasing the
energy efficiency of equipment in participant homes, and increasing participant knowledge.
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» Intermediate outcomes (two to three years): The outcome is installati&n of selected cost-
effective measures, thereby reducing the energy use of participant households through efficient
equipment and conservation. Client energy usage stability also improves, resulting in more
energy conservation and better bilt paying behaviors.

s Long-term outcomes {four to seven years): The outcomes are the desirfed final program impacts,
including energy savings resulting from energy efficient equipment upgrades and conservation
behaviors in the participating low-income population. Customer energy usage and payment
behavior stability alse improves. ;

3.6.2 Program Measurement and Verification Methodology ‘»
The EM&V methodology includes records verification. PPL Electric records WRAP participant data in
their WRAP V database. Participant data include the job type, measures installed, and materials and
labor costs. Data is uploaded from WRAP V to EEMIS.

The Act 129 PYL and PY2 savings are reported using evaluated savings, deemecf by job type, as reported
in the WRAP 2008 Annual Report submitted to and approved by the PA PUC. This method is consistent
with recent discussions between the PA EDCs and the SWE, in which the parties decided that Act 129
WRAP savings will be deemed values based on the most recent PA PUC-approved savings for each USP
WRAP job type from a prior period (based on billing/consumption analysis).These values will be updated
with analytic methods that include a billing analysis, described in the CMP that PPL Electric submitted to
the SWE, which the SWE subsequently approved.

The revised Evaluation Plan incorporates decisions from the low-income workiﬁg group and extensive
discussion between the EDCs, the SWE, and PPL Electric. Analytic methods for future program years are
described in the Evaluation Plan and the CMP.

Ex ante Adjustments Methodology
As savings are deemed by job type, no adjustments were made to the ex ante r[eported savings.

Savings Realization Rate Methodology
PY2 EM&YV included data review and verification of a random sample of contractor reports, WRAP V
records, and EEMIS data. The review confirmed that PPL Electric correctly reported measures and
savings in EEMIS, based on comparisons with the contractor reports and the WRAP V database. in PY2,
the EM&V CSP selected a random sample of records from PYZ participants. Discussed in more detail in
the sampling section below, the sample was stratified by job type and to prioritize homes with the
largest numbers of measures installed {highest savings). PPL Electric provided copies of all supporting
documents to the EM&V CSP for each participant in the sample, including contfador reports, invoices,
and PPL Electric's WRAP summary reports, The EM&V CSP compared informati@n within the supporting
documents to values recorded in the EEMIS tracking database. :

The EM&YV CSP reviewed the job type and measures installed to determine that the correct job type was
recorded. The CSP also identified duplicate entries, where the same customer had work completed in
more than one quarter. Savings were adjusted to remove double counting. |
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Savings Realization Rate Findings
In the PY2 tracking data, there were 40 accounts with more than one set of records. Eight accounts had
more than one set of records in a single quarter, and 32 accounts had entries in the tracking data for

more than one quarter.

Accounts with multiple sets of recerds do not occur often (less than 1% of PY2 records) and occur for
different reasons, such as:

* Delay in procurement of a seasonal measure, such as an air conditioner.
e Upgrade of a job from baseicad to low-cost or full-cost.

Because Act 129 deems savings by type of job, it is important to ensure the program is getting full credit
for the complete package of upgrades made to a home. Therefore, PPL Electric and the EM&Y CSP
determined:

»  PPL Electric will keep each seasonal job open until the measure is installed so that the account is
only entered into the tracking system once.

* [fajobis upgraded, both entries will be recorded as Act 129 jobs in EEMIS. PPL Electric will send
a report to the EM&V CSP each guarter identifying these accounts. The EM&VY CSP will correct
for the double counting in the realization rate adjustment and attribute the adjustment to the
job upgrade.

The claimed program savings were adjusted in PY2 to remove double counting of savings and updates by
job type (Table 3.39).

Table 3.39: Act 129 WRAP Program Savings and Realization Rates

PY2 Ex post ' By2 PYZ
PY2 Ex.ante PY2 Ex ante kW kWh/yr PY2 Ex post kW Realization Realization
Sector kWh/yr Savings Savings Savings Savings Rate — kWh/yt Rate - kW
Low-incame 5,468,854 674 5,431,724 670 99.3% 99.3%
NOTES: i '

The PY2 ex ante and ex post savings are based on the following three job types and associated savings.
The number of jobs listed below is based on verified job numbers:

¢ Baseload jobs = 1,042 kWh/yr * 2,000 jobs = 2,084,000 kWh/yr
= Low-cost jobs = 1,588 kWh/yr * 687 jobs = 1,090,956 kWh/yr
e Full-cost jobs = 1,306 kwWh/yr * 1,728 jobs = 2,256,768 kWh/yr

Net-to-Gross Ratio Methodology
There is no free-ridership or spillover assumed for this low-income weatherization program. Measures
are installed at no cost to income-eligible customers.
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3.6.3 Program Sampling

No participant surveys were conducted for the evaluation. |

For the PY2 records review, jobs were stratified by job type (i.e., baseload, Iow-post, and full-cost) and
sorted by the number of measures installed within each stratum. The sample points per quarter were
distributed evenly across the three case type strata, with the extra sample point assigned to the full-cost
stratum. For each case type, the record with the greatest number of measures was selected for
verification through a desk review, and the remaining sample points were selected via a simple random
sample (Table 3.40). |

Table 3.40: Act 19 WRAP Desk-Review Sample Points by Quarter

jdﬁt‘i‘"astuing ~5Qu'a'1;;ér§i' ‘ 'QliaTer A, Progré"i'“n’"\!earz :
Baseload 4 3 3 4 14 '
Lo Cost 3 3 4 4 14 !
Full Cost. 4 4 4 5 17 '
Total 11 10 11 13 45 :

NDTES:

The final sample size of 45 exceeds the sampling specification in the SWE's Gui('iance Memo 003. The
memo specifies 85/15 confidence and precision per program {which would requrre approximately 25
sample points).

3.6.4 Process Evaluation

|
The PPL Electric Implementation of Act 129 Energy Efficiency & Conservation Ph:f:n, Program Year One
Process Evaluation was submitted on September 15, 2010. The PY2 process eva:luation is filed
concurrently with this report.

3.6.5 Program Partners and Trade Allies |

|
The PPL Electric customer relations specialist for the USP Low-income WRAP Program oversees Act 129
WRAP activities. The Act 129 WRAP uses the same delivery and tracking system as the USP WRAP
program. The WRAP customer relations specialist oversees the development cné the WRAP V data
tracking system that captures Act 129 WRAP data. The WRAP specialist is responsible for ensuring that
WRAP data are extracted and uploaded to EEMIS, [

|
PPL Electric funds, administers, monitors, and recruits customers to participate in WRAP. The program is
delivered by CBOs and private contractors, which provide the energy audits and direct installation
measures. CBOs also coordinate, under the direction of PPL Electric, the installation of larger equipment
measures (weatherization, heating system equipment, appliances, etc.), as well as conduct minor repairs
and health and safety measures. PPL Electric also uses contractors to conduct third-party inspections.
CBOs that currently deliver the company’s WRAP will continue to provide these services under Act 129.
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CBOs are encouraged to combine Act 129 funding with federal, state, or other human services funding

to provide a whole-house energy efficiency solution,
3.6.6 Program Finances

A summary of the project finances are presented in Table 3.41.

Table 3.41: Summary of Program Finances - TRC Test

| Category, o ... PYTD {CPITD
A1 | EDC Incentives to Participants™ S0 50 $0
A.2 | EDC Incentives to Trade Allies s0 S0 S0
A | Subtotal EDC Incentive Costs $0 $0 S0
B.1 | Design & Developrment™ S0 50 S0
B.2 | Administration™ S0 50 S0
8.3 | Management™ 42,444,061 $9,437,875 $12,468,603
8.4 | marketing™ S0 50 S0
B.S | Technical Assistance $0 S0 50
B Subtotal EDC Implementation Costs $2,444,061 $9,437,875 $12,468,603
EDC Evaluation Costs™ 30 30 S0
D | SWE Audit Costs™! $0 $0 30
Total Utility TRC Costs $2,444,061 $9,437,875 ' §12,468,603
E | Participant Costs'™ N/A S0 S0
Total TRC Costs . 52,444,061 59,437,875 $12,468,603
Discounted Costs (TRC) N/A $9;,437,875 $11,769,500
F.1 | Annualized Avoided Supply Costs —Residentiall® N/A $75.79 $75.79
F.2 | Annualized Avcided Supply Costs — Small C&lI N/A S61.10 $61.10
F.3 | Annualized Avoided Supply Costs — Large C&I| N/A $51.14 $51.14
G | Lifetime Avoided Supply Costs N/A 47,548,444 $8,543,943
Total Lifetime Economic Benefits N/A 57,548,444 $8;543,943
Discounted Lifetime Economic Beriefitsﬁ N/A . $7,548,444 $7,984,799
Program Benefit-to-Cost Ratio N/A 0.80 0.68
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e
]

. category . . . 1a 4. pD B L1

NOTES!, ~ N

Definitioris for terms in this table are subject 18 TRC Order.

- [a) Betaiise incentivés are #ot paid'directly to participants in.this.program, Jincentive costs refléct the total! cost of installing measures including
hardware, labor audit, and inspection.

[b}-EDC evaluation; SWE audlt anda majonty of EDG impleméntstion costs aré common and'are nét attributable to Individual pragrams.
Comman costs are distributed to sector portfolucs forcost.recovery purposes. fn thlS report, alt-cormmon costs are accounted for inthe
portfolio.

[c] Inclides PR Electfig’s 1mplementat|on management, and-oversight 6f this'program. |

[d)iThe: parﬁupant costs reported-are net incentives paid by PPE: Electric. The'ificrémentat fost is équal to the sum of the incentives and- the;

. participant ¢osts. ,

[e].THe annualized avoided: supply costs répresent the'average annual avoided cest for the sector in: Y2 o o .

|
3.7 Renewable Energy Program |
The Renewable Energy Program encourages PPL Electric customers to install a solar PV array or GSHP at
their home or institutional building. This program offers a financial incentive in the form of a rebate that
reduces upfront system costs. Customers are also encouraged to reduce their load by installing
applicable energy efficiency measures prior to installing a renewable energy syslitem.

!
The program is available to residential and institutional customers {government, non-profit, and
schoals). For each of these customer segments, the program uses a consistent (:ielivery and
administrative strategy; however, budgets, savings, and impacts are tracked and reported separately.

The objectives of the Renewahle Energy Program include:

* Encourage customers to install renewable energy equipment.
* Promote other PPL Electric EE&C programs,
¢ Achieve energy and demand savings. \

3.7.1 Program Logic
The Renewable Energy Program theory can be summarized as follows:

By providing an incentive for the installation of renewable energy systems, systems will be
installed that would not have been installed in the absence of the program. Customers will learn
of the energy benefits and achieve energy and demand savings. Contractors/installers gain
experience designing and installing this equipment, which will increaseithe knowledge base and
further sales, leading to additional energy and demand savings.

The program logic examines key program features and describes linkages betwgen inputs, activities,
outputs, and outcomes. The program logic elements are as follows:

*  Program inputs: Program inputs include the target customers, PPL Electric staff support,
program applications and forms, and market actor support and expertilse.
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= Program activities: The primary program activities include marketing, providing educational
materials about renewable technologies, providing a list of trade allies, and providing up-front
rebates to customers who install renewable technologies.

s Program outputs: Outputs include the number and types of marketing activities conducted, the
number of trade allies participating in the program, the number of program participants, the
number and size of PV and GSHP systems installed, the quality of the installations, and the total
amount of incentive money paid out.

e Short-term outcomes {one year): Outcomes include increased program awareness, increased
customer interest in renewable technologies, increased customer knowledge of renewable
technologies, and increased installations of renewable technologies.

s [ntermediate outcomes (two to three years): Outcomes include a reduction in peak energy
demand, a reduction in annual energy consumption, and a decrease in participant electric bills.

¢ Long-term outcomes {four to seven years): Dutcomes include a smoother and easier to manage
demand curve, long-term reductions in peak energy demand and annual energy consumption,
and aiding in market transformation toward cleaner energy sources.

The Renewable Energy Program logic model can be found in Section 1 of the Renewable Energy
Evaluation Plan,

3.7.2 Program Measurement and Verification Methodology

A complete discussion of the EM&V methodology can be found in Sections 3, 4, and 5 of the Renewable
QA/QC and EM&V Plan,

Two savings adjustments were necessary in order to calculate a realization rate. The first adjustment
results in the TRM adjusted ex ante savings and the second adjustment resuits in the ex post verified
savings. Both methodologies are explained below, and the results from each adjustment are reported
separately.

Ex ante Adjustments Methodology

The adjusted ex ante savings amend the savings reported in EEMIS {ex ante reported gross savings)
based on actual customer system characteristics, truing up the ex ante using the algorithms in the TRM
or using the CMP. This adjustment accounts for differences between deemed planning assumptions
used to report savings and installed equipment. It relies solely on information and records in the EEMIS
tracking database. These adjustments result in the adjusted ex ante, bringing the reported savings into
alignment with the TRM.

In some cases, a PV or GSHP system was installed in a residential application that was on a C&I rate
schedule. This can happen if the account is a farm, a residential rental property, or a separately metered
out-building, such as a workshop at a personal residence. In these cases, customers were coded as large
or small C&I in EEMIS. The sector was corrected to government/non-profit or residential based on the
measure code, and a correction was made to the TRM adjusted ex ante savings.

For GSHPs, energy savings vary according to the EFLH cooling and heating assumptions for each city
represented in the TRM reference tables. The EM&YV CSP accounted for the location variation of all
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program participants in the adjusted ex ante savings. Cities were mapped by zié code to the TRM
reference tables. \

The tonnage, average EER, and coefficient of performance (COP) of installed un?its also impacted the
savings realization rate. The EM&V CSP verified capacities, EER values, and‘COP; values using the AHRI
database™ for approximately 82% of the systems installed in PY2. Where the EM&V CSP was unable to
verify the efficiency due to missing data about the configuration of the system, missing or incorrect
model numbers, or models that could not be found in any of the databases, results were extrapolated
from the sample verified. In addition to reflecting information about installed rﬁeasures, the adjusted ex
ante savings reflect changes to the TRM made between the:EE&C Plan approva,‘l and the PY2 evaluation.
For PV, the energy savings recorded in EEMIS were based on the EE&C Plan, wh?ere assumptions had
been made about system location, capacity, orientation, and other characteristics. in reality, energy
savings vary according to the location where the system was installed, system capacity, tilt, azimuth,
shading, inverter efficiency, and module derate factor. The adjusted ex ante sa\‘.fings used information
from EEMIS, rebate forms, and the interconnect forms to adjust the reported sawngs to reflect the
characteristics of actual installed systems. ‘
The EM&V CSP verified inverter efficiencies using the California Energy Commisision (CEC] list of
approved inverters.! Module derate factors were calculated by taking a ratio of the module rating
reported on the CEC list of approved modules’ to the manufacturer module ratlng Because shading
data was not collected on the rebate form or interconnect form, it was assumed there was no shading in

the adjusted ex ante savings calculations. I‘

PVWatts version 1'® was used to calculate the adjusted ex ante annual savings.iAdjusted ex ante peak
demand savings were calculated using the hourly data output from PVWatts version 1 and by taking a

weighted average capacity factor for each site across the hours from 12:00 p.m. to 6:00 p.m. for June
through September weekdays excluding holidays, as this was the time period specn‘led in the TRM for

peak demand impacts.
I

Ex ante Adjustment Findings i
The EM&YV CSP calculated adjusted ex ante savings for residential, commercial fand institutional

systems, shown in Table 3.42.

http_/jwww ahridirectory.org/ahridirectory/pages/wbahp/defaultSearch.aspx

™ CEC List of Eligible Inverters per SB1 Guidelines: http://www.gosolarcalifornia.ca. gov{egungment[mverters php

15 CEC List of Eligible SB1 Guidelines Compliant Photovoltaic Modules:
http.//www.goso[arcaI|forn|a.ca.gov/equmment/pv rmodules.php
'8 United States National Renewable Energy Laboratory, PV Watts version 1:
http://rredc.nrel.gov/solar/calculators/PVWATTS/versionl/
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Table 3.42: Reported and Adjusted Ex ante Savings per Technology and Sector for PY2

Ex ante Ex onte
Exante Adjusted Ex ante | Adjusted
Savings Savings Savings | Savings
Sector Measure | (kWh/yr} | (kwh/yr) (kW) (kw) Factors L
Location {for EFLH), Capacity, EER, COP,
GSHP 4,502,257 6,022,882 331 797 TRM change
Residential Location, Capacity, Tilt, Azimuth, Inverter
PV 454,784 885,824 98 224 efficiency, Module derate factor
Total 4,957,041 6,908,706 429 1,021
Sector, Location (for EFLH), Capacity,
. GSHP 64,479 0 7 0 EER, COP, TRM change
Gomme'r_cilsl and Sector, Location, Capacity, Tilt, Azimuth,
Industrial PV 24,871 0 5 0 Inverter efficiency, Module derate factor
Total 89,350 0 12 0
o Location (for EFLM), Capacity, EER, COP,
GSHP 3,780,212 1,031,287 762 653 TRM change
Institutional Lecation, Capacity, Tilt, Azimuth, Inverter
7 PV 710,869 2,292,170 107 582 efficiency, Module derate factor
Total 4,491,081 3,323,457 869 1,235
Total 9,537,472 10,232,163 1,310 2,256
NOTES: '

[a] Adjusted ex onte savings for the CRI sector were realiocated 1o either the residential or institutional sector, based. on:the measure code.

GSHP system capacity and efficiency values are not currently recorded in EEMIS and savings are based
on assumptions made for the EE&C Plan. The EM&Y CSP determined the capacity and efficiency values
using the AHRI database and based on manufacturer and model number information in EEMIS, and used
these values in the TRM savings equations.

The assumed characteristics for residential GSHP systems were 3 tons, 14.1 EER, and 3.3 COP. The
average reported GSHP installed was 4.0 tons, 18.1 EER, and 4.0 COP. The assumed characteristics for
nonresidential systems were 145.9 tons, 20.0 EER, and 4.0 COP, and the average reported installed was
104.2 tons, 16.1 EER, and 3.6 COP. The EFLH for heating and cooling was adjusted based on the actual
instaliation locations. Also, the savings equations in the protocol for nonresidential systems were used
to calculate the system savings, which is a revised methodology from that used in the EE&C Plan. All of
these adjustments account for the differences between the EEMIS reported savings and the adjusted ex
ante savings for GSHPs.

PV system capacity is not currently recorded in EEMIS, and ex ante savings are based on assumptions
made for the EE&C Plan. The EM&V CSF obtained the system capacity information through PPL Electric’s
interconnect form data and through record reviews. The increase from the claimed ex ante savings to
the adjusted ex ante savings is largely due to customers installing more capacity than anticipated. The
EE&C Plan assumed that residential customers would install 3 kW systems, but the average reported
capacity installed in PY2 was over twice that assumed, at 6.1 kW. The EE&C Plan assumed that
nonresidential systems would be 9 kW, but the average reported capacity was 329.9 kW,
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Savings Realization Rate Methodology '

To calculate the realization rate, the EM&YV CSP verified installation rates and qt_ljaﬁfying equipment
using records data, survey data, and site visits. The records review verified data}for a sample of
measures, and revealed that one nonresidential PV system and two nonresidential GSHP systems were
actually residential installations. The EM&V CSP adjusted for this in the ex post evaluated savings, and
savings were assigned to the verified sector.

For a sample of measures, site visits verified that the reported equipment type and guantity were
installed. During GSHP site visits, the presence of a desuperheater was recordec;i, and the savings for
desuperheaters at residential sites were incorporated into the ex post evaluated savings. During PV site
visits, the generation meter for the system was recorded, and the ex post evaiuated savings were
adjusted based on this reading, per the methodology in the CMP. The EM&V CSP calculated the ex post
evaluated savings for all the projects where a site visit was conducted. ‘

Adjustments réflect the results of M&YV activities and are included in the ex pos;f evaluated savings. The
realization rate is the ratio of the adjusted ex ante and evaluated ex post savings.

The realization rates reported for PY2 Q4 use the PY2 Q3 realization rates. In PY2 Q3, both types of
adjustments were made to the ex post evaluated savings. Therefore, PY2 Q4 in(f;ludes both adjustments
within the ex post evaluated savings. The adjusted ex ante savings (aligning witi"n the TRM) are reported
separately from the claimed ex ante savings (those reported in EEMIS). !

In PY2 Q3, it was noted that the residential TRM equations for GSHP savings were used to calculate
savings for the institutionai systems. Since the PY2 Q3 report, a TRM protocol was proposed for
calculating savings from nonresidential GSHP systems, and the savings in this réport reflect that
proposed change in methodology. There were two major changes to the metho{dology which impacted
savings:

* The default baseline system was changed from a geothermal system méaeting code
requirements to an ASHP meeting code requirements. This resulted in an increase in energy and
demand savings.

s The water-loop or ground-loop pump energy is now taken into account, resulting in a decrease
in energy and demand savings. 4

Savings Realization Rate Findings ‘
Ex post (realized) savings and realization rates for residential and nonresidential systems are shown in
Table 3.43.

Table 3.43: Verified Savings per Technology and Sector for PY2

r g)?pnie‘et_‘iqug:(f 4 verified Expost Ex anté A&just_ed verified: £x post
Sector - I Measure | Savings: (kWh/yr) | Savings (kWh/yr), Savings (kW) Savings (kW)
V GSHP 6,022,882 7,448,231 797 1,120
Residential, Py 885,824 904,018 2;24 229
' _| Total 6,908,706 8,352,249 1,021 1,348

1
|
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Ex ante Adjusted Verified Ex pas-t-- | Exante Adjusted. V'i;'rwiuf-iri;zafx post

Sector |.Measure | Savings (kWh/yr) Savings (kWh/yr) | _ Savings (kW) Savings:{kW}):

GSHP 0 1,003 0 1
Commercial and Industrial PV 0 0 0 0

Total 0 1,003 0 1

" GSHP 1,031,287 877,023 653 260
Institutional. Py 2,292,170 2,557,274 582 649

| Total 3,323,457 3,434,298 1,235 910
Total 10,232,163 11,787,550 2,256 2,259
NOTES:

[al-Adjusted ex ante savings for the C&I sector were reallocated to either the residential.or institutibnal sector, based'on the measure code.
Oneproject, however, was confirmed 1o ba C&L.

For residential GSHP PY2 projects, the realization rate was 124% + 5% for energy savings and 141% + 3%
for peak demand savings, both with 95% confidence intervals. For nonresidential GSHP PY2 projects, the
realization rate was 85% = 3% for energy savings and 40% + 12% for peak demand savings, with 95%
confidence. The residential savings increased due to incorporating the desuperheater savings. The
nonresidential outcome was mainly due to the decrease in savings from ground-loop or water-loop
pumps. Additionally, two customers identified as institutional from the sector code were validated as
residential customers, One residential customer was validated as a small C&I customer.

For residential PV system FY2 projects, the realization rate was 102% + 3% for both energy and peak
demand savings, with 95% confidence. For nonresidential PV system PY2 projects, the realization rate
was 112% + 1% for both energy and peak demand savings, with 95% confidence. This is because the
generation meter reads taken during the non-residential site visits were greater than the output
predicted by PVWatts version 1, resulting in an increase in energy and demand savings.

Net-to-Gross Ratio Methodology

Free-ridership Methodology

The EM&V CSP determined the NTG ratio through seif-report surveys with a sample of PY2 Q1, Q2, and
Q3 participants. The free-ridership portion of survey guestions were tailored to participants of the
Renewable Energy Program. Responses from the survey questions were used to develop a free-ridership
score using a scoring matrix. No adjustments to the NTG ratio were applied to savings, as specified by
the PA PUC. The information obtained by computing the NTG ratio will only be used to refine and

improve program delivery.

Spillover Methodology

To examine spillover attributable to the Renewable Energy Program, survey respondents were asked if
they made any energy efficiency improvements or installed any energy efficient measures where they
did not receive a program rebate. They were also asked the likelihood that they would have installed
those measures if they had not participated in the program. No adjustments were made to the ex post
savings to incorporate spillover, per direction from the SWE.
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Net-to-Gross Ratio Findings '

Free-ridership Findings

Of the 1,329 Renewable Energy Program participants in PY2, 47 PV customers and 71 GSHP customers
completed the survey, for a total of 118 completed surveys. The surveys were completed in fall 2010
and spring 2011, sampling customers from PY2 Q1 through Q3. The overali freetridership score in PY2
was 62%, and the corresponding NTG ratio was 38%. !

Spillover Findings

Participant spillover was found to be 0.2%. Twenty-seven percent of the surveyirespondents {32 of 118)
stated they made energy efficiency improvements without receiving a rebate. E:Ieven of the 32 reported
that the program was highly influential, and that it was unlikely they would have installed measures had
they not been influenced by the program.

Residentiai respondents reported installing eight renewable energy systems (solar PV or solar thermal),
three water heaters, two clothes dryers, three clothes washers, three refrigerators or freezers, two
stoves, one geothermal heat pump, one dishwasher, and one dehumidifier. Thr;ee respondents installed
efficient lighting, four installed more insulation, and two installed efficient windows.

Non-residential respondents reported installing one high-efficiency motor, four; VSDs, six refrigeration-
related measures (such as case fans), five refrigerators, and four efficient room:AC units. In addition,
respondents made 11 lighting upgrades, installed four lighting controls, and installed four energy
management systems (EMSs). |

|
PY2 Q1 participants were asked if they installed additional PV capacity since recelvmg a rebate for their
PV system. Four out of 46 respondents reported installing additional PV panels WlthOUt receiving an

additicnal rebate from PPL Electric. One respondent installed an additional 2 kW of panels, while the
other three respondents installed an additional 1 kW of panels. .

3.7.3 Program Sampling

Table 3.44 shows the expected and actual participation for PY2.

Tabie 3.44: Renewable Energy Program Expected and Actual PY2 Participation ‘

Expected PY2 | Actual:P¥2 Q1+
Sectar . Measure ° | Participation. Q4 Participation
1
- Résidential - 260" 128
' Non:Resideritial _ ) 157 8 |
' F [
Residentiz 7
esidential _ - GsHe 225 1,11 :
Non-Residantial 75 76 X
Total ' 575 1,329 |
1

PPL Electric | Page 112



11/15/2011 |Quarterly Report to the PA PUC

ExpéctedPY2 | ActualBY2Ql—
Sector . ~ Measure _ Participation | Q4 Participation:

NOTES:

[a) In the Renewable Energy.RProgram QA/QCand EM&V Plan, it.was reported.that 260 residential and 15
n_onresiaent?al systems were expected in PY1, and participation targets in:PY2 ware unspecified. However,
there wereno rebated PV systems in'PY1, therefore the expected participation from Y1 is reported here a5
the expected PY2 participation.

The EM&V CSP conducted several activities for the Renewable Energy Program QA/QC, impact, and
process evaluations. Participant surveys included questions affecting all evaluation activities. A sample
of participants from PY2 were also selected for site visits. Table 3.45 shows the target and achieved
sample sizes of PY2 projects for the various data verification activities. Some customers received more
than gne verification activity.

Table 3.45: Summary of Data Collection Activities for PV and GSHP Systems

Target ‘Completed
Technology " Data Collaction Activity forpy2t® in Py2"
Site Visits 57 62
PV Records Verification 56 81
Participant Surveys 47 47
Site Visits 57 46
GSHP Records Verification 68 121
Participant Surveys 68 71
" NOTES: ' i B
{2] Site visits and surveys are conducted at the custemer level; therefore, the target is the number of
customer sites.
[b] Counts are based on unique CSP Job Numbers for the records review, Some sites instalted multiple
systems, and therefare have more than ane CSP Job-Number.

For both PV and GSHP, the sample size was calculated based on the population frame, a 50% coefficient
of variance, and a target confidence and precision level of 90/10 for records review and 95/10 for site
visits. The sample was stratified by technology and sector. Residential sites were chosen randomly,
though projects for customers who received a larger incentive were a high priority for records review,
surveys, and site visits, as it indicated they had installed a larger capacity system. Nonresidential
customers were also selected based on incentive amount; the largest capacity sites were selected for
records review, surveys, and site visits. Projects for nonresidential customers were also marked as
higher priority sites for surveys and site visits than projects for residential customers; however, not all
responded.

The sampling plan was updated in late 2010 based on the SWE sampling instructions that circulated in
November 2010 (PowerPoint® from Technical Working Group meetings), and was updated again in
March 2011 based on the final Sampling Guidance Memo circuiated by the SWE.
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3.7.4 Process Evaluation

The PPL Electric Implementation of Act 129 Energy Efficiency & Conservation Plan, Program Year One
Process Evaluation was submitted on September 15, 2010, The PY2 process evaluation is filed
concurrently with this report. !
|
|
3.7.5 Program Partners and Trade Allies ,
PPL Electric’s customer programs specialist provides general program managerﬁent and oversight,
develops the program communications plan, initiates program marketing to trade allies, monitors the
program, reviews large project and institutional applications, responds to custdmer interconnection
questions, grants final eligibility approval for all projects, resolves program issues, and approves project
installations, invoices, program data, and reports. J

PPL Electric’s administrative CSP, Helgeson Enterprises, also plays a vital role inlthe Renewable Energy
Program operation. Their responsibilities include reviewing:rebate reservation forms, project
documentation, and project completion reports; making initial determinations 'on project eligibility;
issuing rebate payments; and tracking and reporting program data. [

[
Trade allies, primarily renewable energy system installers, provide technical assessments at customer

sites and install the PV systems and GSHPs.

\
3.7.6 Program Finances

A summary of the project finances are presented in Table 3.46. i

Table 3.46: Summary of Program Finances: TRC Test

Cétegory. . o o ‘ ) ka‘___. . PYTD .CPITD
A.1 | EDC Incentives to Participants $772,641 $3,783:,173 $3,783,173
A.2 | EDC Incentives to Trade Allies 50 $0 50
A | Subtotal EDC Incentive Costs $772,641 $3,783,173 53,783,173
|
B.1 | Design & Development®™ $0 36 $0
B.2 | Administration’® S0 Sé $0
B.3 | Management™ $15,249 $99,937 $169,179
B.4 | Marketing™ S0 56 50
B.5 | Technical Assistance 50 $6 50
B | Subtotal EDC lmplementation Costs $15,249 $99,937 $169,179
C | EDC Evaluation Costs"® 40 56 50
D | SWE Audit Costs™ 50 50 $0
Total Utility TRC Costs _ $787,890 ' $3,883:110 $3,952,352
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_ | categary e 10 PYTD __cpmD
E | Participant Costs" N/A $53,448,699 $58,366,276
Total TRC Costs $15,249 $53,548,636° | $58,535,456
Discounted Costs.{TRC) ) N/A $53,548,636 l 554,568,890
F.1 | Annualized Avoided Supply Costs —Residential™ N/A $75.79 $75.79
F.2 | Annualized Avoided Supply Costs — Small C&I N/A $61.10 $61.10
F.3 | Annualized Avoided Supply Costs — Large C&I N/A $51.14 $51.14
G | Lifetime Avoided Supply Costs N/A $15,594,479 $19,279,330
Total Lifetime.Economic Benefits N/A $15,594,479 ‘$19,_279,330
‘Discounted Lifetirme Economic Beneﬁt; 7 : N/A $15;594;47§ 18,124,184
Program Benefit-to-Cost Ratio N/A 0.29 0:33
NOTES:

Definitions for terms in this table are subject.to TRC Order.

fal EBC evaluation, SWE audit, and'a. majority of EDLC implermnentation-costs are not attributable to individual progiams. Cemmon costs are,
distributed to sector portfolios for cost recovery purposes. In this repart, all common-costs are'accounted for in.the portfolio.

tb Includes PPL Electtic’s implementation, management, and ovérsight of this program.

[€] The participant costs reported are nét incentives paid by PPL Electric. The incremental cost is equal-to-the sum of.the incentives and-the
participant costs.

[d} The annualized avoided supply costs represent the average annual avolded cost for the sector in PY2.

3.8 HVAC Tune-Up Program

The HVAC Tune-Up Program, which claimed savings for the first time in PY2 Q3, is offered to all
commercial and small industrial customers with an existing split or packaged HVAC rooftop unit. Owners
or tenants occupying an existing building are the primary recipients of program services. The program
offers financial incentives to contractors to help offset the cost to diagnose and make energy saving
retrofits.

The HVAC Tune-Up Program is designed to increase the operating performance of small rooftop HVAC
and split system units in light commercial buildings. The efficiency opportunities include three main
areas:

1. Refrigeration measures
2. Economizer measures
3. Thermostat measures

The objectives of the HVAC Tune-up Program include:

* Optimize HVAC unit performance.
*  Assist commercial customers in lowering their energy bills and operating costs.
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e Obtain participation of no less than 5,770 customers through 2013, W{th a total reduction of
22,180 MWh/yr and 11 Mw."

A more detailed description of the HVAC Tune-Up Program objectives and theolry are provided in the
program QA/QC and EM&V Plan,

3.8.1 Program Logic !
|
The HVAC Tune-Up Program theory can be summarized as follows: *
f
Servicing of HVAC units will optimize unit performance, reduce energy (i:onsu mption, and
decrease demand through the expected life of each measure. Diagnostic tools and technicians’
experience will be used to determine the applicable service measures for each unit. Long-term
energy savings are expected from units that operate optimally. '
The program logic model highlights the key program features, as understood b\:( the EM&V CSP,
indicating logical linkages between activities, outputs, and outcemes. Program inputs are Act 129 and
the SWE Audit Plan guidelines; funding and other support from PPL Electric; anc::l the expertise of the
program implementer and subcontractors.

The logic model’s elements are; :

o  Program activities: The program’s primary activities include marketingland outreach, providing
customer incentives to HVAC service technicians, and developing measurement evaluation, and
quality control procedures.

s  Program outputs: Outputs include marketing materials produced and dlssemlnated to
customers; customers subsequently enralling in the programs; and quallty control,
measurement, and evaluation procedures being activated. |

e Short-term outcomes (cone year): Outcomes include marketing materia;!s—both online-and
through other media-—that generate participant interest, appointmentscheduling, and rebate
processing requests. Successful HVAC servicing will lead to a decrease in participants’ utility bills,
as well as provide energy and demand savings for PPL Electric. ‘

» Intermediate outcomes (two to three years): The main outcome is more knowtedgeable HVAC
service technicians. As this occurs, technicians will be able to better service units to deliver
optimal performance. This will result in energy savings, customer satisf;action, environmental
benefits, and PPL Electric’s customer base becoming more sensitive to energy efficiency.

s Long-term outcomes (four to seven years): Outcomes include more customers being aware of
the benefits of servicing their HVAC units, and seeking out and expectirflg energy saving
improvernents. In addition, more HVAC contractors will be trained to conduct diagnostic tune-
ups and more will participate in the program, and the HVAC tune-ups will become standard
practice, leading to increased energy savings and decreased service calls.

7 These numbers are a combined total for all target customer segments.
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3.8.2 Program Measurement and Verification Methodology

The ex post evaluation empirically measures the savings from diagnostic tune-ups. Fourteen HVAC
contractors reported diagnostic servicing. A total of 189 economizer incentives, 141 refrigerant cycle
adjustment incentives, and 17 thermostat incentives were reported in PY2. The EM&V CSP commenced
field work in PY2 Q4. Implementation of the CMP for HVAC tune-ups was achieved by following the
steps described below.

1. Conduct on-site inspections for a stratified, randem sample of HYAC units before and after
servicing. The EM&V CSP will visit sites either before or after servicing to verify data collected by
the service technicians.

2. Calculate energy savings from an analysis of baseline or post-servicing site data and a review of
implementers’ calculation methcedology.

3. Summarize results from on-site inspections and calculation review.

Sample sizes and stratifications for on-site verification are discussed in the Program Sampling section
below. Five contractors were selected from the 14 participating in the program. The verifications, at a
minimum, capture the key inputs used by the Field Diagnostic Services, Inc. (FDSI) Savings Estimator
program. Key inputs include building information, climate zone, unit capacity, age, fan power,
refrigerant propérties, and thermostat settings {operating hours}. To independently verify efficiency, the
EM&V CSP also collected compressor model numbers where possible and recorded true power.

Sample Attrition

The program goal was to verify 20 units before and after contractors performed service. The pre-
servicing verification was conducted on 20 systems during the week of May 9, 2011. Of the 20 units
tested, only six units were diagnosed by contractors in PY2. Energy savings were reported to PPL Electric
for only one of those six units. Of the five contractors, one {TYCO Electronics) decided not to participate
in the program. Two others {Controlled Environment Technologies and CBRE - BANA Mid-Atlantic} did
not service any of the randomly selected units in PY2 and serviced only one of nine units in PY3 because
they were too busy to perform tune-up service. The EM&YV CSP attempted to complete the minimum
sampling requirement of 20 systems by verifying additional units in September 2011.

In total, 32 units were tested by the EM&V CSP:

= Thirteen units serviced in PY2.

* Units serviced in PY2 for which an incentive was not officially received.
e Units serviced in PY3.

» Thirteen units never serviced by contractors.

Ex ante Adjustments Methodology

FDSI originally proposed deemed savings by measure, but changed their approach to use their Savings
Estimator software that computes savings using site-specific inputs. Savings are claimed and reported by
PPL Electric via information captured in the EEMIS database. A side-by-side comparison of EEMIS and
FDSI records was conducted to compare reported energy savings from all measures. All records were
provided in digital text documents or Microsoft Excel® files.
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Ex ante Adjustments Findings ‘
No ex ante adjustments were made for HVAC tune-ups. A comparison of provided FDS! records to EEMIS
reports revealed slightly different savings estimates because the FDSI automated reports were missing
several records. According to FDSI, these records were processed manually before the automatic system
was completed. The missing records were provided upon request. With these records included, there
are no discrepancies between the two databases.
Savings Realization Rate Methodology ‘
Savings were claimed in EEMIS for PY2. The foliowing evaluation steps were completed to verify savings
in PY2.

1. Review of FDSI's calculations and inputs. |

2. On-site verification of baseline unit conditions and nameplate data for 20 units. Re-verification

of units serviced by contractors and verification of additional units as necessary
|

Tune-up servicing may include multiple measures performed on a single unit, depending on the
outcome of the diagnostic test results. Calculations and inputs were thoroughly reviewed for each
measure. The measures include refrigerant charge adjustment, economizer optimization, and
thermostat optimization. Refrigerant charge adjustments are performed to implrove refrigeration cycle
efficiency. Economizer adjustments aim to optimize the use of free cooling. Thermostat control
improvements aim to reduce equipment run time. Interactive effects may happen when multiple
measures are performed. The EM&V CSP reviewed the methods for each measure, aiming to assess the
reported savings values for reasonableness by independently calculating savings.

|
FDSI provided several documents which contain energy savings calculations and an overview of their
proprietary Savings Estimator program. One of the documents, Estimating Eff:’cfency and Capacity for
Vapor Compression Cycle Equipment Calculation Algorithms, clarifies the methc:)ds used to estimate
compressor capacity and COP described in US Patent No. 6,701,725. The expected performance and
measured performance values are used to develop an efficiency index (Ef) and "capacity index (Cl). A
calculation review of these indices, along with field verification, was completed to evaluate energy
savings associated with refrigerant charge adjustments. These indices were mdependently calculated for
comparison and to assess the reasonableness of savings values.

|
The EM&YV CSP also reviewed documents provided by FDSI to assess how econt?mizer and thermostat
savings are calculated. The primary documents describing energy savings associated with economizer
adjustments are Calcuiation of Energy Savings for FDSI Commercial offering Detaifs Docurnent and
Calculation of Energy Savings for FDS! Commercial Programs Methodolagy. The_I required inputs were
used to determine economizer and thermostat type and control strategy. FDS!’s savings estimator
software provides energy savings estimates given the contractors inputs. The EM&V CSP reviewed the
savings calculation methodology with an engineering review of the algorithms. lin addition to this
review, the EM&V CSP used Honeywell’s Rooftop Energy Solutions Savings Estifnator Version 4.2 to
evaluate energy savings estimates with the same or similar inputs. The EM&V CSP inspected HVAC
systems and gathered all other pertinent information while on site, as well as recorded findings that
were ysed to independently estimate savings.
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In addition to reviewing all the digital records provided by FDSI and EEMIS, the EM&YV CSP verified
numerous details, measurements, and set points {described in the subsequent section). By thoroughly
reviewing the savings calculation methodology and by verifying contractor inputs taken in the field, the
EM&V CSP successfully verified reported savings.

Savings Realization Rate Findings
As described above, the EM&VY CSP reviewed all calculations provided by FDSI and found that the
methodology is sound and rigorous. Savings estimates were independently calculated using various

methods, discussed in Appendix H.

Savings Estimator Software and Interactive Effects

The EM&V CSP conducted verification site visits to capture the key inputs used by the Savings Estimator
program including climate zone, unit capacity, age, fan power, refrigerant charge, economizer control,
and thermostat settings (operating hours). For comparison, the energy savings were estimated based on
efficiency increases due to refrigerant charge adjustments and verified system operational
characteristics. In addition, the reported economizer and thermostat savings were evaluated for
reasonableness.

The Savings Estimator software simultaneously calculates energy use and savings for ali measures
performed on one system. An overview of the inputs and standard data is provided in Appendix H. The
calculation methodology accounts for interactive effects when multiple measures are implemented. For
example, if efficiency is improved due to refrigerant charge adjustment, but the system runs less
because the economizer is repaired, savings for each measure are reduced accordingly.

Upon cenfirmation of energy savings estimated with the Savings Estimator software, the EM&YV CSP
determined a 100% realization rate for units with verified inputs identical or equivalent to those
recorded by contractors. This detailed review and field verification shows that the calculations and
assumptions are sound and generally conservative. Additionally, contractors appear to have taken great
care when inputting all system, building, and controls information. Table 3.47 outlines the realized
energy and demand savings.

Table 3.47: Realized Energy and Demand Savings

) Realization Rate
Measure Type Reported Savings (kWh/yr) | Ex ante Savings (kW) (kWh/yr and kw)’
Refrigerant Charge Adjrustment 400,549 462 100%
Economizer Adjustment 20,707 0 100%
Thermostat Adjustment'™ 46,255 -16.25 100%
Program level Savings 467,511 445,75 100%
NOTES: ' ' ’
[a] The reparted thermostat savings are negative due to interactive effects [i.e., efficiency Improvements decrease savings during peak
periods when thermostat adjustments.have no affect on demand).

Net-to-Gross Ratio Methodology
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The EM&V CSP determined the NTG ratio through participant surveys by interviewing 10 of the 14
program contractors. The survey included participant spillover and free-ridership questions. Information
obtained by computing the NTG ratio will only be used to refine and improve program delivery.
Free-ridership Methodology ‘

For this program, the contractor receives the incentive for performing diagnostic tune-ups, so it is the
contractor who may be the free-rider. That is, contractors who conduct the HVAC diagnostics and
advanced tune-ups as standard practice, but who take advantage of the program incentives, would

normally be classified as free-riders. '
i

Spillover Methodology

To examine spillover attributable to the HVAC Tune-up Program, contractors were asked if the program
influenced their decisions to add new energy efficient equipment or services to[their customer offerings.
They were also asked whether they would continue to use the Service Assista nt ™ diagnostic tool in
absence of the program.

Net-to-Gross Ratio Findings w

Surveys conducted with HVAC contractors aimed to establish their standard practices and to determine
the effect of the program on their normal business practices. Based on the free:ridership and spillover
estimates derived from the PY2 customer surveys, the overall HVAC Tune-up Program NTG ratio is 1.0
for energy and demand. .

|
Table 3.48: Net to Gross Verification Rate !
|

= B - e : - £ . .
Ex.gnte Savings Net Sav:ngs NTG for | Ex ante Net Savings NTG:for
MeasureTypé (kwh/yr). . {KWh/yr) _ kwh Savings (kW) | | [kw) kw
Refrigerant Charge
Adjustment. 400,549 399,184 1.0 462 461 1.0
‘ EcqnomizerAHjustment_ 20,707 23,498 1.1 0 ©0 -
Thermostat:Adjusimerit 46,255 46,255 1.0 -16.25 . -16.25 1.0
Program:-leve) Savmgs 467,511 468,937 1.0 445.7% . 44475 1.0
"NOTES! o B ' ¢

T

Free-ridership Findings |

Each contractor was asked if they had heard of and/or used the Service Assistant diagnostic tool, or any
other similar tool prior to the program. One of the 10 contractors interviewed reported using FDSI's
analysis tool prior to joining PPL Electric’s program. Additional follow-up questi:ons were asked to
confirm that the same measures were implemented by this contractor prior to joining the program. Cne
other participating contractor reported using a different diagnostic tool similarito the Service Assistant™
diagnostic tool, but was unable to provide details. Furthermore, this contractoy only used the tool for

refrigerant analysis.

|
One contractor is a free-rider, and the savings reported by this contractor were deducted from the gross
reported savings. Note that this contractor reported negative savings for economizer adjustments, thus
slightly increasing the net energy savings. According to FDSI, when the economizer program was written,
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the recommended set point was chosen based on a balance between comfort and energy savings, with a
slight bias toward comfort so the contractor did not receive unnecessary complaints after the change.
When negative savings were reported for numerous economizers, FDS| implemented a change {on
October 25, 2010). If the economizer is already set to take advantage of energy savings, a balance with
comfort is no longer recommended.

Table 3.49: Free-Ridership Findings

. Free: | ' Exante Free-

. . Exante Savings | ridership Net ‘Savings ridership Realization
Measure Type o {kwWhiyry {kWh/yr): |  kWh/yr [ (kW) (kW) | Rate
Réfrigerant Charge Adjustiment 400,549 1,365 399,184 462 1 461
Economizer Adjustrment 20,707 (2,791} 23,458 0 - 0
Thermostat Adjustment 46,255 0 46,255 -16.25 - -16.25
Program-level Savings 467,511 444.75 468,937 445.75 1 444,75
NOTES: T

Spillover Findings

Two of the contractors interviewed mentioned they were likely to continue use of the Service Assistant
diagnostic tool in absence of the program. Of the 10 respondents, only one reported adding any new
energy efficiency services attributable to the program. Additional energy savings from spillover is
therefore not quantifiable. Since the program is ongoing, spillover in absence of the program is not
claimed for PY2.

3.8.3 Program Sampling

Sampling procedures follow the HVAC Tune-up CMP approved by the SWE. To verify baseline conditions,
the EM&V CSP asked contractors for a list of sites they pianned to visit by May 31, 2011 (the end of PY2).
Because building owners are the technician’s customers, contractors were asked to secure owner
approval for the evaluation site visits because units are usually located on a rooftop and accessed by
entering the business. To ensure an unbiased sample, the EM&V CSP selected sites with multiple
rooftop units and verified a random sample of units at each site. The contractors did not know which
units were verified. A random sample was achieved by selecting every third unit on any given rooftop,
and a maximum of four units per rooftop.

The sample was based on individual serviced units, and not projects that could include multiple units.
Servicing can include multipie measures, depending on the outcome of the diagnostic test results, The
unit sample size was based on the SWE’'s sampling guidelines, requiring sample sizes meeting 85%
confidence with 15% precision. When the evaluation plan was developed, 80 units had received
diagnostic test-in. Based on a population of 80 and an 85/15 confidence and precision level (with a
coefficient of variation of 0.5}, the sample size was 19. At the end of PY2, 291 units had received
diagnostic test-in. Because of the increase in population, the sample size was adjusted to 22 units.
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\
3.8.4 Process Evaluation |

The PPL Efectric implementation of Act 129 Energy Efficiency & Conservation Plan, Program Year One
Process Evaluation was submitted on September 15, 2010. The PY2 process evaluation s filed
concurrently with this report. 4
3.8.5 Program Partners and Trade Allies L

|
PPL Electric contracted with a third-party, FDSI, to implement the HVAC Tune-u:p Program. FDSI manages
and provides training for the service contractors who implement program mea?ures, and FDSI reviews
program data that is submitted electronically by service contractors. FDSI created a brochure describing
the program to participating contractors and maintains a Website about the program that includes a list
of participating contractors. |

|
HVAC tune-up programs are typically designed to deliver diagnostic tune-ups. Trade allies (the service
contractors) implement the measures offered through this program. The work is performed by service
contractors, who use the Service Assistant diagnostic tool and associated software to identify
opportunities to improve unit performance. This is an upstream program delivéred by the service
contractors, to whom incentives are paid.

HVAC contractors have different types of agreements with their customers. Thiey may have a regularly-
scheduled maintenance contract for a specific number of visits per year, or they may be called only for
emergencies or upon equipment failure. The end-use customer rarely, if ever, rfequests the type of
diagnostic service available through this program; the contractor provides the $ervice as an added
benefit for their customers or as a way to attract new customers. !

PPL Electric’s administrative CSP, Helgeson Enterprises, responds to customer questions through its call
center and is also responsible for processing program rebates {as specified by F;DSI). Service contractors
are responsible for uploading measure data from the Service Assistant diagnostic tool to FDSI, and FDSI
is responsible for sending program data to PPL Electric for uploading to EEMIS.

3.8.6 Program Finances
A summary of PPL Electric’s project finances are shown in Table 3.50.

Table 3.50: Summary of Program Finances - TRC Test

.| ‘category. e N - T PYTD _ ‘, EPITD.
A1 | EDC Incentives to Participants®™ $1,200 $9,115 $9,115
A.2 | EDC Incentives to Trade Allies S0 56 50

A [ suhbtotal EDC Incentive Costs $1,200 $9,115 $9,115
]
B.1 | Design & Development™ $0 Sé S0
8.2 | Administration™ S0 50 S0

PPL Electric | Page 122



11/15/2011 |Quarterly Report to the PA PUC

_ Category, _ 1Q f YD : CPITD
8.3 | Management!” $62,405 $597,662 $635,473
B.4 | Marketing"™ $0 $15,488 $15,488
B.5 | Technical Assistance $0 $0 $0
B | Subtotal EDC Implementation Costs l 562,405 $613,150 $650,961
C | EDC Evaluation Costs™ S0 S0 S0
D | SWE Audit Costs™ $0 50 $0
Total Utility TRC Costs V 463,605 $622,265 ‘ $660,076
E | Participant Costs N/A $9,115 $9,115
_ Total TRC Costs $62.,405 $622,265 $660,076
Discounted Costs (TRC) N/A $622,265 $613,981
F.1 | Annualized Avoided Supply Costs —Residential N/A $75.79 $75.79
F.2 | Annuatized Avoided Supply Costs — Small C&t N/A $61.10 $61.10
F.3 | Annualized Avoided Supply Costs — Large C&| N/A $51.14 $51.14
G | Lifetime Avoided Supply Costs N/A $171,913 $171,913
Total Lifetime Economic Benefits N/A $171,913 5171913
Discounted Lifetime Economic Benefits N/A $171,913 $159,179
Program Benefit-to-Cost Ratio (actual is low
because of significant start-up costs and limited
savings) N/A 0.28 0:26

NOTES:

Definitions for terms in this table are subject to TRC Order.

[2] incentives are paid to participating HYAC tune-up contractors, who are considered to be-the participant.

[b] EDC evaluation, SWE audit, and 2 majority of EDC implementation costs are common-and are Aot attributable-to individiial-programs.
Common costs are distributed to sector portfolios for cost recovery.purposes. In this report, all-common costs are accounted for in the
portfolio,

[c} includes PPL Electric’s implementation, managemerit, and oversight of this program. L

3.9 Home Assessment & Weatherization Program

The Home Assessment & Weatherization Program claimed savings for the first time in PY2 Q3. The
program is designed to provide PPL Electric residential customers with information on their home’s
energy performance and recommendations on the most effective, highest priority energy efficiency
actions they can take in their homes. Eligible customers must live in single family residences and have
electric heat or air conditioning. Recognizing the varying economic conditions and interest levels among
PPL Electric residential customers, the program provides two tracks:

1. The customer pays $50 for a walk-through home energy survey.
2. Acomprehensive energy audit is conducted that includes diagnostic testing {a biower door test
to measure infiltration and a combustion efficiency test), supported by a rebate of $150 for
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j
customers with electric air conditioning only, or $250 for customers wit;h electric.cooling and
heating. |

The objectives of the Home Assessment & Weatherization Program include: ;
|
s Provide customers with the opportunity to participateina walk-thoughf survey or
comprehensive energy audit. !
s Provide customers with opportunities to reduce their energy costs and increase their energy
efficiency. i
s Encourage customers to weatherize their homes by providing rebates fbr related measures.
» Install low-cost energy saving measures as part of both the survey and ﬁhe audit, which may
result in immediate savings. !
+ Promote other PPL Electric energy efficiency programs. '
» Obtain participation of no less than 5,940 customers through 2013, with a total reduction of
5,960 MWh/yr and 590 kW based on planning estimates for the measutes claiming savings.

3.9.1 Program Logic r

- |
The Home Assessment & Weatherization Program offers customers two levels of energy audits and
opportunities to engage in weatherization activities. The theory can be summarized as follows:

By offering customers incentives and two levels of energy audits, custorners will engage in audit
activities and install low-cost energy saving measures, Customers will ble educated on the long-
term energy and cost-saving benefits of higher-efficiency equipment. Some customers will
install additional weatherization measures. Energy and demand savings are expected from the
installation of low-cost and larger energy efficiency:measures. '
|
The program logic examines key program features and describes linkages between inputs, activities,
outputs, and outcomes. The program logic elements are as follows: }

e Program inputs: Program inputs include the target customers, PPL Electnc staff support, the
program applications and forms, market actor support and expertise, energy audits, and other
technical equipment necessary for program implementation. ‘

« Program activities: The primary program activities include marketing, providing educational
materials, audits, installation of low-cost measures during initial audits; installation of major
measures, and rebates sent to customers. ‘

e Program outputs: Outputs include the marketing activities, program participants, measures
installed, the quality of the installations, and the incentives. |

» Short-term outcomes (one year): Qutcomes include increased program awareness, established
participant eligibility, established eligibility for individual measures, partlapant homes having
energy saving items installed, as well as more efficient equipment and energy efficiency
measures installed, and participants having increased knowledge of EE&C.

* Intermediate outcomes ({two to three years): Qutcomes include instaliation of cost-effective
measures and reduced energy use by participating households through efficient equipment and
conservation from residents.
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* Long-term outcomes (four to seven years): Outcomes are the desired final program impacts,
including cost-effective energy savings resulting from energy efficient upgrades and
conservation behaviors.

3.9.2 Program Measurement and Verification Methodology

Ex ante Adjustments Methodology

Savings for the low-cost, direct install measures are deemed on a per unit basis for each unit installed
using savings estimates provided by the EM&Y CSP. Savings are claimed and reported by PPL Electric via
information captured in the EEMIS database. Adjusted ex ante savings reflect any updates in savings
calculations made to the TRM since PPL Electric’s plan was approved, including changes to algorithms in
the TRM. For 20 Watt CFL mini-spirals, algorithms in the 2010 TRM were used to adjust the ex ante
claimed savings. Because there were no aigorithms for smart power strips, 1.5 GPM faucet aerators, or
3/4-inch water heater pipe insulation in the 2010 TRM, algorithms in the Interim TRM Protocols were
used to adjust the ex ante claimed savings for these measures. There were no savings calculation
algorithms for water heater temperature setbacks in either version of the TRM, so there is no ex ante
adjustment for this measure; however, there were also no claimed savings for this measure in the PY2
Q2 through Q4 participant data.

Ex ante Adjustments Findings

Table 3.51 shows the results of the ex ante adjustment factors and calculations for each direct install
measure. The TRM-adjusted ex ante values do not include adjustments for the ISR; the EM&V CSP
accounted for the 1SR during the realization rate calculation. The EM&V CSP caiculated these values
using information collected and analyzed for PY2 Q2 through Q4, as described above.

Table 3.51. Summary of Ex onte Adjustments to Reported Per Unit Savings for Direct Install Measures

TRM-Adjusted TRM-Adjusted
Measure . Ex ante kWh/yr | Exante kWhifyr | Exante kW Ex ante kW
20 Watt CFL Mini Spiral S0 60 0.002 0.001
Smart Power Strip 244 184 0.003 0.013
Faucet Aerator, 1.5 GPM 45 61 0.01 0.056
Water Heater Pipe Insulation, 3/4-inch 109 124 0.01 0.011
Water Heater Temperature Setback to 120° 61 NA 0.01 NA
NOTES:

Savings Realization Rate Methodology

The realization rate includes adjustments for actual installation rates, failure rates, and corrections to
baseline assumptions. The EM&V CSP calculated the realization rate using findings from the sample of
projects chosen for telephone verification and from the results of the records review. The realization
rate determined from the sample was applied to the population.

No savings for bonus rebate measures—ceiling and wall insulation, and air and duct sealing—were
uploaded to EEMIS during PY2, and therefore no savings were claimed for these measures through PY2.
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Because no savings are available to adjust, the EM&V CSP did not calculate a realization rate for these

measures.

Savings Realization Rate Findings
The EM&Y CSP calculated ex post savings for the program based on findings frofm the records review

and telephone surveys.

The EM&V CSP found a total of 1,291 participants in EEMIS prior to the QA/QC records review. The
QA/QC records review revealed that three PPL Electric residential accounts haq more than one set of
records in EEMIS. Of the three records:

s One was a duplicate record; the account number and measure information were repeated twice
in the database. The data was adjusted to remove the duplicate informiation.

e Two participants received both a survey and an audit. The data was adjusted to remove the
survey records and associated measures from the database. |

i
As a result of the QA/QC records review, the EM&V CSP reduced the total number of participants in the
program to 1,288. The QA/QC review is described in greater detail in Table 3.52.

Table 3.52: QA/QC Adjustments for Duplicate Records

'

Numbér'iifzmg‘a_s'u*res Aﬂ]u_’_s’tgd'NiirﬁHer of
Measure: e .Claimed in EEMIS | Measures
20 Watt CFL Mini Spifal 7,430 7.414
Sthart Power Strip 1,321 1,318
.Faucet Aerator --Kitthén,.l.S’GP.M 681 681
‘Fajucet' Aerator — Eath'room,flzs GPM 437 436
Hot Watér Pipe tnsulation 1,033 1,030 ;
Hafie Audit — Céfitral AC 120 120 i
Hoime Audit — Elettric Heat 269 268 J
_Home Survey 902 900 ]
NOTES: :

The EM&Y CSP developed realization rates that include adjustments made as a result of the records
review and adjustments made for customer-verified installation measure quantities and measure
retention. Table 3.53 shows the resulting realization rates for each direct install measure.

Tabie 3.53: Realization Rates for Direct Installation Measures

1
‘
I
1
|
\

T i I Exante Energy Ex ante ; Demand

. Adjusted.Savings™ | Realization Rate - Adjusted; ‘Realization Rate
Measure (kWh/yr) {kWh/yr). | Savings®l{kw) (kW)
20-Watt CEL Mini Spiral 60 93% 0.001 93%
. Smart Power: Strip _ 184 56% 0.013 56%
Faucet Aerator - Kitchén; 1.5 GPM' 61 90% 0.056 | 90%
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Faucet Aerator - Bathroom; 1.5 GPM 61 115% 0.056 115%

Pipe Insulation, 3/4-Inch 124 96% 0.011 96%

Water Heater Setback NA NA NA NA
 NOTES: T : ) )
. [a] These are per-unit enefgy and demand savings values.

Because the sample was drawn at the customer level, the estimates above are not mutually
independent. For example, the sampling error asscciated with faucet aerators is not independent of the
sampling error associated with CFls, because the same customers were queried for each measure’s
verification. This presents no problem when an individual measure’s savings estimate is considered in
isolation; each estimate in the table above is valid. Program-level precision estimates, however, would
be invalid if the individual results were totaled without accounting for the dependencies between
measures in the sampling error. Because of this, the EM&Y C5P’s final estimate of program-wide savings
employed a single realization rate, calculated by first aggregating savings by customer (for TRM-adjusted
ex ante and for ex post), and then calculating a single realization rate which applies to the program-wide
TRM-adjusted ex ante total. As this approach employs a single realization rate, rather than a collection
of inter-dependent realization rates, standard variance calculations yield valid program-wide precision
estimates. The results of this analysis are presented in Table 3.54.

Table 3.54: PY2 Summary of Savings and Realization Rates for Home Assessment & Weatherization Program

Total Ex ante “Total TRM- Precision.
Total Surveys Reported adjusted Ex Total Ex post Realization {with 85%
i and Audits Savings ante Savings Savings Rate confidence)
kwh/yr 1288 856,731 883,209 708,721 80% 9.2%
kw 40 98 87 0% 10.2%
NOTES:

Table 3.54 contains precision calculations that are valid at the program level and were used for
calculating final verified program savings. The measure-level calculations are also valid, and may be used
to inform discussions which do not critically rely on precision estimates for program-wide savings.

Net-to-Gross Ratio Methodology

Free-ridership Methodology

Energy audits are not like some other measures where the customer may install them in the absence of
the program, such as with high-efficiency HVAC or ENERGY STAR appliances. It is not very likely that a
customer will pay for an audit and install major weatherization measures in the absence of the program.
Participant surveys with customers installing recommended measures will be used to assess free-
ridership.

Spillover Methodology
Spillover refers to reductions in energy consumption and/or demand caused by the presence of the
energy-efficiency program. These are savings beyond those achieved by participants in the program.
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1
I
1
!
I
I

Participant spillover refers to the participant’s installation of measures in addition to those incented by
the program, where the program influenced the participant to install the additional measures.

To estimate spillover, participant surveys included questions to determine whether customers took
additional energy efficiency actions as a result of program participation.

Net-to-Gross Ratio Findings

Free-ridership Findings

|

b
|

Because no rebates for the instailation of recommended measures were uploaded into EEMIS during
PY2, the EM&V CSP will field surveys in PY3 with a sample {or census) of PY3 pa,rt|C|pants. No final
adjustment for net savings will be made until required by the PA PUC.

Spillover Findings

One-third of the PY2 Q2 and Q3 survey respondents (21 of 68) stated they made energy efficiency
improvements without receiving a rebate, reporting the installation of approxir:nately 60 additional
energy efficient measures. Respondents rated the program as being highly infliential (rating between 8
and 10 on a 10-point scale) for 12 of those measures, and three of those 12 me"asures had associated
savings. Table 3.55 provides a list of the measures installed with associated savings.

Table 3.55. Measures Installed by Survey and Audit Participants Without Receiving a Rebate

- 7| mfluenceof &  Annual | Total Annual
) Quantity Program Spittover Spillover
Measure; . Installed Rating (kWhR/yF) | (kwWh/yr)
_Programmable Thermostat 1 8 333 333
Refrigerator 1 8 100 100
Clothes Washer 1 9 146 146
Total 3 579
'NOTES: '

Table 3,56 presents the spillover kWh/yr savings as a percentage of total program savings for these

respondents.

Table 3.56. Home Assessment & Weatherization Program Spillover Savings as a Percentage of 1;'otal Program Savings

~ Spillover IM?_fi:Jg_ram

Sawngs ! ‘Savings
Program - (KWh/yr): ' (KWh/yr) Spillover
Home Assessment & Weathkerization 579 35,868 2%

NOTES:

The analysis of responses yielded an overall spillover of 2%. Table 3.57 provides a summary of the NTG
results. The analysis was calcufated at the 50% confidence level.
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Table 3.57: Summary of NTG for Home Assessment & Weatherization Program

Program ] . Free-idership:Score Participant Spillover | NTG | NTG:Precision
Home Assessment & Weatherization 0% 2% 102% +7%
NOTES: i —

3.9.3 Program Sampling

The EM&YV CSP drew a random sample to meet specifications of the SWE revised sampling requirements
in Guidance Memo 0003. The EM&V CSP conducted telephone surveys of 68 randomly selected
customers who participated in PY2. The surveys assessed participant satisfaction with the program,
sources of program information, and verified the measures and measure guantities recorded in EEMIS.
Because 80% of the program participants in PY2 opted for the walk-through surveys, the target for
completed telephone surveys from this group was 80% of the 68 total surveys, or 55 completes. The
target for completed telephone surveys with participants who had the comprehensive audit was 20% of
68, or 13 completes.

As specified in the Evaluation Plan and the revised sampling plan, the EM&V CSP selected a sample of 25
records for verification through a records review. Records were stratified by audit type: walk-through
survey (EEMIS measure code PEU), comprehensive audit of all electric items (PEY1), and comprehensive
audit of CAC only (PEY2}. The EM&YV CSP selected half of the sample points from records that had walk-
through surveys. The remaining six points were split evenly between the two comprehensive audit
types: all-electric and CAC only.

3.9.4 Process Evaluation

The PPL Electric Implementation of Act 129 Energy Efficiency & Conservation Plon, Program Year One
Process Evaluation was submitted on September 15, 2010. The PY2 process evaluation is filed
concurrently with this report.

3.9.5 Program Partners and Trade Allies

Eic | Comfort Home (EIC) is the implementation CSP for the Home Assessment & Weatherization
Program. EIC's responsibilities include coordinating training for the program administrative CSP and
trade allies {Building Performance Institute (BPI) trained auditors), distributing marketing materials to
trade allies, developing quality control standards and verifying trade ally qualifications, and uploading
customer and assessment data into the PPL Electric tracking system. EIC alsc conducts walk-through
home surveys, including a visual inspection of the home, evaluating major electric energy-using
equipment (e.g., lighting systems, space conditioning and hot water heating equipment, and
appliances), and evaluating building envelope characteristics to identify areas for cost-effective electric
efficiency upgrades. EIC provides customers with an energy survey report that includes
recommendations for appropriate follow-up activities.
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Trade allies are entities that provide services for participants of the Home Assessment & Weatherization
Program. Trade allies inciude weatherization contractors or HVAC contractors irnstalling qualifying
equipment. PPL Electric's network of BP] trained building analysts and certifiedienergy auditor trade
allies deliver comprehensive energy audits. The EM&YV CSP will identify trade allies through the
customer applications and from records kept by the PPL Electric Home Assessment & Weatherization

Program managers and CSPs. i

|
PPL Electric’s administrative CSP, Helgeson, responds to customer questions through its call center.
Helgeson is also responsible for verifying customer eligibility, processing rebates, uploading customer
and assessment report data into an internal tracking systems, and uploading data to EEMIS.

U Marketing develops marketing and communication plans.and materials and ibforms trade allies and
customers about the program through direct mailings and mass media. !

PPL Electric’s EM&Y and QA/QC CSP conducts sample-based installation verification, reviews participant
data, and verifies impacts and calculations. |

3.9.6 Program Finances

A summary of PPL Electric’s project finances are presented in Table 3.58.

Table 3.58: Summary of Program Finances - TRC Test |

‘| Lategory, . . [¢] . : PYID. ) CPITD
Al | EDC Incentives to Participants $96,221 s143l018 $143,018
A.2 | EDC incentives to Trade Allies S0 Sﬁ S0

A | Subtotal EDC incentive Costs $96,221 $143)018 $143,018
|
B.1 | Design & Development™ 50 56 50
B.2 | Administration® 50 50 50
8.3 | Management™ $101,723 $574:266 $604,268
B.4 | Marketing™ 50 55 50
B.5 | Technical Assistance S0 $(:J 50
B | subtotal EDC Implementation Costs $101,723 $574f266 $604,268
;
EDC Evaluation Costs™ 50 SO s0
SWE Audit Costs'® 50 50 50
| 7otal titity Tg Costs. ' $197,944 47171285 $747,287
E | Participant Costs N/A $350i519 $350,519
Total TRC Costs ' | sw00,723 $924l786 _ $954,788
_Discounted Gosts,(TRC) _NA | sora7ss 886,285
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Category _ : . N | PYTD ___ CPITD
F.1 | Annualized Avoided Supply Costs —Residential N/A $75.79 $75.79
F.2 | Annualized Avoided Supply Costs — Small C&l N/A $61.10 $61.10
F.3 | Annualized Avoided Supply Costs — Large C&l N/A 551.14 $51.14
G | Lifetime Avoided Supply Costs N/A $561,903 $561,903
Total Lifetime Economic Benefits N/A $561,903 $561,903
- ‘Discounted Lifetime Economic Benefits N/A oL $561,903 $520,280
Program Beneﬁt-to_{os—t Ratio ) N/A ) 0.61 .. . .05%
NOTES:

Definitions for terms in this table are suﬁjggt to TRC Crder.

{a] EDC evaiuation, SWE audit, and a.majority of EDC Implementation costs are common and.are not attributable to individual programs.
Common costs are distributed to sector portflios for cost recavery purposes. In this reper, all cormmon.costs are aécourited for in the
portfolio,

[b} inctisdes PPL Electric’s implementation, managerent, and oversight of this program.

3.10 Energy Efficiency Behavior & Education Program

The Energy Efficiency Behavior & Education Program encourages customers to implement free or low-
cost measures and to adopt practices and behaviors that reduce energy consumption. PPL Electric
implements the program under a contract with OPOWER.

Participants in the Behavior & Education Program receive a Home Energy Report from OPOWER. The
Home Energy Reports include the following information:

* Comparisons of a customer’s usage in the current year to consumption during the same months
of the previous year,
» Comparison of a customer’s consumption to the consumption of other, comparable customers
in the same geographical area. This is known as the neighbor comparison.
» Tips about how to save energy and reduce demand during peak times. These tips include:
o General conservation tips such as turning down the thermostat, turning off lights,
shortening showers, etc.
o Low-cost energy efficiency tips, such as replacing incandescent lights with CFLs, installing
weather stripping, and using power strips.
o Tips about ways to reduce peak loads during peak load season, and ways to shift energy use
to off-peak periods.
o Information on promotions of other PPL Electric residential programs.

No financial incentives are provided through this program.

The specific objectives of the Energy Efficiency Behavior & Education Program are to:
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+ Educate customers about free (no cost) or very low-cost measures and ;behaviors that can
significantly reduce energy consumption or demand. |

» Educate customers about PPL Electric’s online resources and EE&C programs.

* Encourage customers to adopt more energy efficient behaviors and to i'nstall energy efficiency
measures in their homes.

e Obtain participation of approximately 100,000 customers through 2013

According to the program theory, by educating customers about their energy use and conservation
strategies, customers will gain knowledge to increase their energy efficiency and achieve cost savings. In
addition, customers will become more engaged with PPL Electric. |

PY2 was the first year of PPL Electric’s Energy Efficiency Behavior & Education Program. The program
was implemented using an experimental research design with random a55|gnrnent of customers to
treatment and control groups.

PPL Electric customers who met the following criteria were eligible for pamcrpatlon in the Energy
Efficiency Behavior & Education Program:

e Single family residential customer ;

¢ One electric meter :

* A complete billing history from 2009 .

» Annual energy use above the average of 18,000 kwh :
From this customer population, OPOWER randomly selected 50,000 customers‘for a treatment group
and 50,000 customers for a control group. Treatment group customers received Home Energy Reports
beginning in April 2010 on one of three delivery schedules. Control group customers did not receive
Home Energy Reports and were not informed that they belonged to the control group.

OPOWER sent the last of the PY2 Home Energy Reports at the end of February 2011. Customers received
them in early to mid-March 2011. Customers did not receive reports in April or|May 2011

3.10.1 Program Logic

The program theory for the Energy Efficiency Behavior & Education Program cz{n be summarized as
follows: ‘

By using various communication channels to make customers more aware of the importance of
energy efficiency and peak energy reduction, and by giving them knowfedge about how to
reduce energy use and peak demand, customers will change their enerfgy using behaviors.
Energy and demand savings are expected from these behavior changes.

The program’s iogic model highlights its key features as understood by the EM&V CSP, indicating logical
linkages between activities, outputs, and outcomes.

The iogic model’s elements are:
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s Program inputs: Program inputs are PPL Electric customers; PPL Electric staff (including
management, coordinators, and marketing); vendors providing Home Energy Reports; and the
Home Energy Reports and energy efficiency messaging.

» Program activities: The program’s primary activities include developing messaging, advertising
campaigns, and other public awareness activities and educational materials; and education of
individuals and others targeted by activities.

* Program outputs: Qutputs verifying activities include the activities developed and the marketing
materials created.

¢ Short-term outcomes {one year): Outcomes result from designated customers participating in
the program, including increased public awareness of the importance of energy efficiency and
knowledge of ways to address it.

* Intermediate cutcomes (two to three years): Outcomes consist of customers being influenced
by program efforts to change their energy use behavior and associated energy reduction from
behavioral changes and no- or low-cost measures.

* Long-term outcomes {four to seven years): Outcomes include the reduction of energy use and
demand from the installation of no- and low-cost measures.

The Energy Efficiency Behavior & Education Program logic modei can be found in Section 1 of the
program Evaluation Plan.

3.10.2 Program Measurement and Verification Methodology

This EM&V methodology is based on Option C-Whole Facility of the IPMVP for annual energy savings'®
{Billing Regression Analysis as per Section 3.3.3.3.6.2.3 of the SWE Audit Plan). Billing analysis—using
data on energy use in participating and nonparticipating homes before and after the treatment—was
used to estimate savings attributable to the program.

OPOWER provided the EM&V CSP with manthly billing histories of treatment and cantrol group
customers and selected customer information. The monthly billing histories began in January 2009 and
ended in May 2011. Because some customer accounts became inactive, not all treatment and control
group customers had 16 months of pre-period and 12 months of post-period consumption data.

OPOWER also provided information about the first report date for treatment group customers and the
date that control group customers would have received a report if they were in the treatment group.
This “pseudo-first report date” was used to define the post-period for control group customers.
CPOWER also provided information about the reports schedule for each treatment group customer.

The EM&Y CSP employed a non-parametric, difference-in-differences regression model of monthly
energy consumption with customer home fixed effects to estimate the energy savings program

*® Efficiency Valuation Organization. International Performance Measurement & Verification Protocol (IPMVP);
Concepts and Options for Determining Energy and Water Savings: Volume 1. September 2009. EVO 10000 —
1:2009. www.evo-world.org.
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impacts.? Identification of the program savings impact was derived from the random assignment of
eligible customers to treatment and control groups and an measurements of cc'msumption before and
after the treatment. Any difference between the treatment:and control group r;ustomers in the
reduction in consumption between the pre- and post-periods will be attrlbutable to the program. The
large size of the treatment and control groups means that even small treatment effects (< 1%) can be
detected. \

Ex ante Adjustments Methodology i

Calculation of the ex ante savings estimates was the responsibility of the program'’s third-party
implementer. Total ex ante savings in PY2 were 12,699 MWh/yr. These savings were calculated based on
data from OPOWER programs in other utility service territories with verified estimates of program
impacts, The program’s third-party implementer reported ex ante savings, along with any references
and assumptions used in their calculation, to the SWE prior to program imp[em:entation.

Ex ante Adjustment Findings I
There are no TRM adjusted ex ante savings.

Savings Realization Rate Methedology
The realization rate was calculated as the ratio of verified to ex ante savings.

i

Savings Realization Rate Findings
Table 3.59 outlines estimates of program impacts from several specifications of Equation J1 in Appendix
) of this report. All of the models were estimated by ordinary least squares (OLS) and the standard
errors were adjusted for correlation over time in a customer’s consumptian using Huber-White robust
standard errors.”® As would be expected because of the program’s experimental design, the program
impacts are precisely estimated and robust to changes in the model specification. The coefficient on
Post x program in Table 3.59 is an estimate of the average daily savings from the program.

Table 3.59: Conditional Average Program Treatment Effects

. . _ | 'Modela _Model2 | Model3 |

: -2.239 -2.170 -2.459

- Post

(0.042) {0.073) {0.041)

. -0.684 -0.686 -0.689
Past-x program !
. {0.060) {0.060} {0.060) '
Customer fi xed effects yes yes yes ;
Month-by-yearfi f xed effects no yes no ‘
‘Weather polynomlals ) ) no no ‘ yes |

R* , 0.004 0.231 0.258

** The model specifications are described in Appendix J.
2 Bertrand, Marianne, E. Duflo, and S. Mullainathan. How Much Should We Trust Difference-in-Differences
Estimates. Quarterly Journal of Economics, 119 (1), pp. 249-275. 2004. |
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.. _Modell | Model2 | Model3 _

N _ ) 2,588,227 2,588,227 2,588,227
NOTES: o
The dependent variable is average daily.consumption (KWH) in-a reonth, Standard errors
are shown in'parentheses. Models estimated by OLS ahdstandard erfors adjusted for
clustering at the custorerlevel:

Model 1 includes customer fixed effects but not controls for weather. The conditional average
treatment effect of the Energy Efficiency Behavior & Education Program was -0.68 kWh per home per
day with a 95% confidence interval of -0.80 to -0.57 kWh. This point estimate translates to 20.8 kwh per
home in monthly electricity savings, or 1.3% of average daily consumption using the average monthly
consumption of contrel group customers as a baseline.

The second specification (Model 2) adds month-by-year fixed effects to capture the impacts of weather
and other time-dependent variables on consumption. The third specification (Model 3) drops the
month-by-year fixed effects and adds third-degree polynomials for heating and cooling degree days. The
inclusion of controls for weather significantly increases the R* of the model, but the estimated program
treatment effects are robust to the changes in Models 2 and 3, and are almost identical to Model 1.
Appendix J includes additional results, showing how the program impacts varied between metropolitan
areas by consumption deciles and by report frequency.

Time Path of Program Savings

Equation J2 in Appendix } of this report allows the canditional average treatment effect of the program
to vary over months of the year. Figure 3.1 shows the results of estimating Equation J2. OPOWER sent
the first reports in April 2010, and by May there was evidence of modest program savings (0.28 kWh or
0.71%). Savings then increased steadily before reaching a steady state. The ramping of savings is
consistent with gradual adoption of measures after receiving the first reports, a pattern found in other
OPOWER program evaiuations.
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Figure 3.1: Conditional Average Treatment Effects over Time ;
f
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Figure 3.1also shows that savings follow a seasonal pattern. Absolute savings increase during the
summer and early fall, reaching a peak of approximately -0.85 kWh per day in Jbly, August, and
September (note that a month’s bill will include some days from the previous rﬁonth). Savings then
decrease slightly in the late fall before increasing again during the winter months. The time path of
savings suggests that the Energy Efficiency Behavior & Education Program savings are weather sensitive.

PY2 Estimate of Energy Efficiency Behavior & Education Program Savings |

PY2 ran.from june 201G to May 2011, so savings during the second program month {May 2010} are not
included in the PY2 savings estimate. The EM&V CSP used the estimates of mo%xthly treatment effects to
estimate PY2 savings. Specifically, PY2 savings were estimated as the weighted sum of the conditional
average monthly treatment effects: l

PY2 Savings = Sy-1""Bay * Daysy™ TreatedHomes, |

Where: |
p' = Indexes the months of PY2
Bopr = The conditional average kWh savings in month p’ from Equation J2
Days, = The number of days in month p’
TreatedHomes,y= The number of homes receiving the treatment in that month orin a

previous month and whose account was still active

|
Table 3.60 shows the estimate of PY2 savings and associated 95% confidence intervals. It also shows the
PY2 annual savings for the average program home based on the following equation:

|

PY2 Savings = Fy-1'*Bap * Daysy
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Table 3.60: PY2 Energy Efficiency Behavior & Education Program Savings Estimates

Lower Bound 95% Upper Bound95%
Point Estimate Confidence Interval, Confidence Interval
. {kwWh/yr}). . (kwhyr) ikWh/yr)
_Program savings 13,286,440 15,392,857 11,180,024
Typical home savings™ 268 311 226
NOTES: ) ’ T ) '
. [a} Typical:home savingsassumes that the first report was received;inAprit 2010,

The total Energy Efficiency Behavior & Education Program savings are estimated to be 13,286 MWh/yr
with a 95% confidence interval of 15,393 to 11,180 MWhs. For the average home, annual savings were
268 kWh/yr, or 1.5% of consumption, using the post-treatment control group annual consumption as a
baseline. :

Net-to-Gross Ratio Methodology

Free-ridership Methodology

The difference-in-differences regression methodology controlled for free-riders, who are treated
customers that would have adopted energy efficiency behaviars or measures in the absence of the
Home Energy Reports. The inclusion of a randemly assigned control group of customers in the analysis
accounts for free-riding behavior.

Spillover Methodology

Spillover in treated homes would be the adoption of energy efficiency measures or behaviors above and
beyond those encouraged by the program. As the Home Energy Reports encourage energy conservation
generally, in addition to promoting particular measures, spillover savings in treated homes is not well
defined. Spillover in non-program homes would be the adoption of energy efficiency measures based on
the influence of Home Energy Reports. The regression methodology does not capture spillover from
treated to non-treated homes. Such spillover would lower the consumption of non-treated homes and
potentially bias down the Energy Efficiency Behavior & Education Program impact estimates. However,
there is no evidence that spillover from treated to non-treated homes in information programs is
significant. This type of spillover was not accounted for.

Net-to-Gross Ratio Findings
There is not a separate NTG calculation for the evaluation of this program. The savings estimates
account for free-ridership and spillover.

3.10.3 Program Sampling

A survey of customers receiving Home Energy Reports was conducted in February 2011 and will be
conducted annually. The EM&V CSP surveyed, via telephone, a sample of 300 customers receiving Home
Energy Reports during the program year. The surveys covered customers’ exposure and recall of the
Home Energy Reports, their satisfaction with the reports and messaging, concerns with the neighbors’
comparison as shown in the Report, reasons for opting-out of the Reports, and changes in their energy
efficiency measures and behaviors.
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i
The sample was stratified by metropolitan area. The sample strata were sufﬁmently large to achieve the
required levels of statistical confidence and precision.

\

3.10.4 Process Evaluation ;
|

The PPL Electric implementation of Act 129 Energy Efficiency & Conservation Plcf:rn, Program Year One
Process Evaluation was submitted on September 15, 2010. The PYZ process eval‘luation is filed
concurrently with this report.

i
3.10.5 Program Partners and Trade Allies l

OPOWER is the third-party implementation CSP for the Energy Efficiency Behav}ior & Education Program.
OPOWER ‘s responsibilities include selecting homes eligible for participation, preparing and distributing
the Home Energy Reports, analyzing program impacts, and reporting results to JPPL Electric.

Trade allies would be entities that provide services for participants of the Energy Efficiency Behavior &
Education Program. There are no trade allies for this program.

|
PPL Electric’s administrative CSP (Helgeson) responds to customer questions th:rough its call center.
Participants can call Helgeson to update information about their home charactt:eristics used to generate
Home Energy Reports. :

|
PPL Electric’s EM&Y and QA/QC CSP reviews participant data and verifies impat::ts and calculations.

!
3.10.6 Program Finances ‘
|
\
A summary of PPL Electric's project finances are presented in Table 3.61.

Table 3.61: Summary of Program Finances: TRC Test

Categofy, . ‘ o Q PYTD CPTD

A.1 | £DC Incentives to Participants S0 30 $0
A.2 | EDC Incentives to Trade Allies 50 Sd $0

A | Subtotal EDC Incentive Costs s0 56 S0

!

B.1 | Design & Development 50 $0 50
B.2 | Administration 50 $0 S0
B.3 | Management™ $623,601 $815,014 $957,080
B.4 | Marketing s0 50 $0
B.5 | Technical Assistance 50 56 $0

B | subtotal EDC Implementation Costs $623,601 $815,014 $957,080
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Category Q| PYTD, _ CPITD
EDC Evaluation Costs™ $0 50 $0
SWE Audit Costs 50 50 50
Total Utility TRC Costs $623;601 $815,014 $957;080
£ | Participant Costs N/A $0 S0
Total TRC Costs $623,601 $815,014 5957:080
Discounted-Costs (TRC) N/A $815,014 _ $896;710
F.1 | Annualized Avoided Supply Costs —~Residential N/A $75.79 $75.79
F.2 | Annualized Avoided Supply Costs — Small C&l N/A $61.10 $61.10
F.3 | Annualized Avoided Supply Costs — Large C&I N/A 551.14 $51.14
G Lifetime Avoided Supply Costs N/A $1,232,711 $1,232,711
Total Lifetime Economic Benefits N/A $1,232,711 $1,232,711
Discounted Lifetime Economic Benefits N/A 51,232,711 $1,141,399
Program Benefit-to-Cost Ratio N/A 1.51 . 1.27
NOTES:

Definitions for terms in the following table are subject ta TRC Order.
[a} Includes PPL Electric’s implementation, management, and oversight of this program.

{b} EDC Evaluation, SWE Audit, and a majority of EDC Implermentation costs are common and are therefore fot attfibutable to individual,
programs. Cornmon costs are distributed 1o sector portfolios for cost-recovery purposes. In this.report, all common costs are-accounted:forin
the portfolio.
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Appendix A: Program Evaluation Components

Introduction
PPL Electric’s program evaluation and continuous improvement process has thriee basic components:
activity tracking, QA/QC, and EM&V.

Activity Tracking ‘
PPL Electric’s EEMIS is the infrastructure for tracking all program activities and *icransactions, including
participant information, measure installations, participant costs, incentive payments, and other
technical data related to individual projects. !

|
The EEMIS database tracks all transactions, including date enrolled, participant{s customer number and
name, date of measure installation, name of measure, name of program, key measure-specific
information to verify eligibility or determine savings (such as seller, manufacturer, model number, serial
number, capacity, or efficiency rating), incentives paid, and other information as required. It also
calculates ex ante reported gross savings for some measures by multiplying the quantity by deemed
savings listed in a Measures Table. EEMIS records savings reported by CSPs for other programs (e.g.,

Appliance Recycling Program, CFL Campaign).

Quality Assurance/ Quality Control |

QA/QC is integral to PPL Electric’s program delivery processes and customer and CSP relations-
management processes. To ensure the highest standards, PPL Electric has incor;porated aplaninits
portfolio describing the QA/QC procedures for each program. ;

Quality assurance involves activities designed to ensure that an effective proce:ss and the necessary
resources are in place for the implementation process to operate efficiently and for the Plan to meet its
objectives. Quality assurance includes:

¢ Developing a business process map of the implementation and operation of the portfolio and
each individual program. .
* Conducting evaluability assessments to ensure that all data necessary fpr EM&YV is properly

collected. |

Quality assurance provides the basis for establishing an effective implementation process and, more
impartantly, preserving the institutional memory of program operation and maiintenance. The quality
assurance process may be complemented with occasional ad hoc process evaluations to investigate
specific issues related to a particular program’s design, implementation, and operation.

Quality control measures ensure that the outcomes and results of the implementation process conform
to performance expectations for each program and for the portfolio as a whole. The quality control
component of the QA/QC process includes developing a set of reliable key performance indicator {KPls)
for each element of the process, and then operationalizing metrics to track and measure the KPls. These
may include process efficiency, data integrity and accuracy, energy and demand savings, and customer

satisfaction. i
|

PPL Electric | Page 140



11/15/2011 |Quarterly Report to the PA PUC

QA/QC has many elements in common with EM&V. Process evaluations are, in many respects,

extensions and complements to the QA process. Similarly, impact evaluations and the QC process both

aim to measure various outcomes of the portfolio using similar data and collection methods.

Table A-1: Generic Key Performance Indicators, Metrics, and Measurement Methods

Key Performance
Indicator

Metric

Verification Method & Data Source

Process-Related Indicators

Process Efficiency

Application processing time

Analyze data in EEMIS.

Transactional Data Quality

Error ratio(s)

Regular statistical checks of EEMIS data.
Sample-based inspection of applications,
invoices, and other records.

Materials:@nd Work
Quality

Number of measures installed, installation
quality, operating conditions

Sample-based physical inspections.

Cost Management

Accuracy in payment processing; average,
raximum, and minimum costs; cost-to-
hudget ratios, etc.

Sample-based inspection of invoices and
rebate applications.

Custamer Satisfaction

Approval or satisfaction rating

Sample-based surveys.

Impact-Related Indicators.

Market Penetration

Number of measures instalied, percent of
market saturated

CSP reports, analyze data in EEMIS.

Progress to Target

Actual-to-goal ratio

Monitor EEMIS.

Actual installation

Number of measures

Sample-based inspections.

Actual Savings

Number of measures

Sample-based surveys and inspections.

Savings Realization

Realization rate

Engineering review, surveys, and on-site
inspections.

Installation Quality

Operating condition

On-site inspections.

MNOTES:

Evaluation, Measurement, and Verification
The key objective in impact evaluations (encompassing EM&YV activities) is to determine, at the specified
statistical levels of confidence and precision in the Audit Plan, the ex post gross and net energy
{MWh/yr) and peak demand savings (MW) attributable to each program in PPL Electric’s portfolio.
Measurement of gross MWh/yr and MW impacts for each program and for the portfolio as a whole are
based on actual program impacts as defined in the TRM, Audit Plan, and PPL Electric’s Evaluation Plan.
These impacts were assessed using the procedures prescribed in the Audit Plan and PPL Electric’s

Evaluation Plan.

In addition, the impact evaluation estimated the ex post savings impacts of program measures that have
fully deemed, partially deemed, or non-deemed savings. Econometric models of electricity consumption
will be used to estimate some measure impacts, based on the definitions from the Act 129 Glossary of

Terms (outlined as follows}:
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»  Ex Ante Savings Estimate (Reported Gross Savings): Savings calculated ‘based on the data in the
utility’s tracking system and reported to the Act 129 SWE. Note that these savings may not be
the same as those in the utility’s initial plan due to changes in TRM values other planning
assumptions, and actual participation. |

* Ex Post Savings Estimate: Saving estimates reported by an evaluator after the M&V process has
been completed.

¢ Savings Realization Rate: This term is used in several contexts in the dévelopment of reported
program savings. As indicated in the Act 129 Audit Plan prepared by the SWE, the reported
realization rate is calculated as: |

Ex post savings / Ex ante (reported) savings i

Calculation of Ex Post Savings

Determination of ex post savings involves adjusting the ex ante savings estlmates for a number of factors

that affect the calculation of savings, including: ;
|

e Corrections to data or calculation errors by the program implementers {CSPs) during the
transfer of data to the tracking system, or errors within the tracking system.

* Adjustments or corrections to open variables or assumptions about measure characteristics
(e.g., geographic distribution, mix of measures). These could be based (]Jn actual project
application records, surveys, or site visits. '

s Revised parameters used in calculation of unit savings (e.g., geograph:c distribution, mix of
measures}.

¢ Actual installation rates.

+  Possible failure rates. .

* Changes in operating assumptions {e.g., business closures).

|
These adjustments are identified and, where applicable, reported for each program to provide a better
perspective on the specific components of the savings realization rate for each program. Figure A-1
illustrates the discussion above, progressing from ex ante to ex post evaiuated .:savings.
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Figure A-1: Ex Ante to Ex Post Savings Estimates

Ex Ante Gross TRM Adjusted Ex Post’
Reported Ex Ante Gross Evaluated
‘Savings Savings Savings
Pragrams . .
Ex Ante Implemented: Savings Adjustments for data Ad;uslm.ents for
. Calculated from Installation
Planning - Number of » » entry errors, TRM - ;
. EEMIS Measures . rates, failures,
Estimates Measures algorithms, CMP .
Installed Tables chang_e in
Based on TRM operating
deemed values and assumptions
EE&C planning
assumptions
Ex Post / Adjusted Ex Ante
(Evaluated) Gross (Claimed)

) 4
L Realization Rate l

Measurement of Savings
Gross program savings are those savings expected to result from the program based on the as-installed
performance of measures, as defined in the Audit Plan.

Sample-based surveys or site inspections are the main methods for verifying installations, as well as for
verifying savings for measures in the TRM with fully deemed savings. For partially-deemed measures
specified in the TRM, operating assumptions and other parameters will be validated using the
procedures recommended in the Audit Plan and described in detail in program-specific EM&V plans.

Unigue methods will be employed for verifying savings of measures offered under the Custom Incentive
Program, which will be described in full for each project. Measures not included in the TRM will require
custom methods for determining and verifying savings, called CMPs, which will be submitted to and
approved by the SWE.

Methods for measuring savings for each program in the Plan are described in detail, according to the
specifications of the Audit Plan and based an the IPMVP.

Figure A-2 shows the data sources and activity tracking for the PPL Electric Utilities Act 129 programs.
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Figure A-2: Data Sources, Activity Tracking, and Evaluation Activities

Data Source 1 \

CSP Repoits Rebate Application ‘

Appliance Recycling

Behavior & Education (OPower) .
Assessment & Weatherization |
Custom Incentive Program
Efficient Equipment
HWVAC Tune Up”

Renewables

EPowerWise

HVAC Tune Up”

Low Incoma WRAP

Residential Lighting Program (CFL}

v ;
Administrative CSP \

F!—E;éluation Activities

h

EEMIS

QA1QC

¥ b L 4 Recaords Review
EM&V Databases 1 —pl e Visits

*Data provided from both sources [ Surve::ys

Verification

\Eta tAnalysis

Net-to-Gross Ratios :

Net savings estimate program savings using a NTG ratio composed of two factors: free-ridership and
spillover. Free-ridership quantifies the percentage of participants who report tilley would have installed
a measure in the absence of the program. Spillover is the additional energy efficiency savings that occur
when a program participant independently installs energy efficiency measures after participating in the
energy efficiency program as a result of the program'’s influence. According to the Audit Plan, until a
Commission order is issued, only gross savings will be reported and verified. 'Ijhat fs, gross savings will
not be adjusted based on the NTG ratio. Information regarding free-ridership a:nd spillover will be used
for program planning purposes, Appendix B provides additional details regardir;]g the methodology used
in this evaluation to assess free-ridership. |

2 statewide Evaluation Team. Audit Plan and Evaluation Framework for Pennsylvanfa Act 128 Energy Efficiency and
Conservation Programs. Pp. 25, 93, and 95. December 2009.
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Appendix B: Free-ridership Analyses

Introduction

On August 2, 2011, the PA PUC's issued the TRC Order, directing EDCs to collect the data necessary to
determine a NTG ratio for each program and to apply that ratio to determine the cost-effectiveness of
future modifications to existing program. The method for incorporating a NTG ratio in cost-effectiveness
calculations was described in the California Standard Practice Manual but has not been defined in the
Act 129 TRC Order.

The TRC Order also requires EDCs to submit a summary of their NTG study scope and methods, including
estimated costs, for stakeholder comments and a prudency review. This appendix describes the
approach that PPL Electric's EM&V CSP is using for determining NTG.

The discussion here focuses on a NTG ratig, solely in the context of EE&C programs. There is no free-
ridership and spillover expected in targeted low-income programs (EPower Wise and WRAP). In
addition, no free-ridership or spillover is expected in the demand response and direct load control
programs {Direct Load Control and Load Curtailment), since, strictly speaking, these concepts do not
apply to load curtailment programs.

Definition and Components of NTG
The draft revised 2011 Audit Plan defines net savings and the NTG ratio as follows:

Net Savings: The total change in load that is attributable to an energy efficiency program. This
change in load may include, implicitly or explicitly, the effects of free-drivers, free-riders, energy
efficiency standards, changes in the level of energy service, and other causes of change in
energy consumption or demand.

NTG Ratio: A factor representing net program savings divided by gross program savings that is
applied to gross program impacts to convert them into net program load impacts.

As noted in the Audit Plan, there are two primary factors that differentiate net savings from gross
savings—free-ridership and spillover—which are defined below.

Free-ridership: Participants’ adoption of measures offered by the program that would have
occurred in the absence of the program.

Spillover: Reductions in energy consumption and/or demand caused by the presence of the
energy efficiency program that are beyond the savings achieved by participants in the program.
Spillover can be from participants and non-participants.

» Participant spillover: The adoption of measures by participants in addition to those
incented by the program that are attributable to the program’s presence.
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» Non-participant spillover: The adoption of measures by eligible customers who did not
participate in the program. ‘I

Market effects include changes in retail stocking practices. For example, a program can influence market
practices without the consumer’s knowledge, such as the SEER level of stockedlheat pumps, Home
building practices, and the availability of products. If utility programs are successful and influence
market practices (transform the market), the NTG ratio naturally declines as mérket transformation

increases. '
|
Therefore, in addition to non-participants who are aware of a program, non-participant spillover may
also include savings from non-participants purchasing energy equipment from retailers who stock the
measure due to a program’s influence. These upstream market transformationlimpacts are generally
difficult, if not impossible, to measure with any reasonable level of accuracy. Additionally, market effects
studies can be costly. For these reasons, a market effects study is not included in the NTG study outlined
in this appendix. These market effects are not measured and are not considered in adjustments to
compliance targets. However, these impacts could be substantial and should be acknowledged in policy
decisions about the treatment of the NTG ratio. Figure B-1 outlines to componénts of a NTG ratio.

Figure B-1. Components of Net-to Gross Ratio*

NTGR ‘
|
/ |
I
FRp SO !
| None I IPartiall |_Fu|: l I SOp I SOpp '
Enstalled Installed
efficient effident
measure measure X
/ \ |
Not aware Aware of '
of programs programs }
!
|
Influenced by Influenced by |
participation programs

*FRp is participant free-ridership, SO, is participant spillover, and SOy, is non-participant spiliover.
\

The NTG ratio and its components are usually expressed as fractions. Algebraically, the NTG ratio may be
expressed as follows: |
NTGR =¥1 — FRY + 505 + SOxa ‘
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The NTG ratio is applied in TRC cost-effectiveness calculations to adjust both savings attributable to the
program and the program'’s costs in order to derive an adjusted benefit-to-cost ratio. A method for
incorporating the NTG ratic in TRC calculations has not yet been specified.

Methods for Calculating NTG Ratio

Two general approaches have been used for determining the NTG ratio of most energy efficiency
programs: statistical methods based on discreet choice models and self report methods. Both
approaches rely on survey data, and both approaches tend to be complex, expensive to implement, and
may produce imprecise results. As noted in the SWE’s draft 2011 Audit Plan, calculating net savings
remains more of an art than a science. Neither of these methods is ideal for upstream programs, as it is
difficult, if not impossible, to identify program participants. (it is not uncommaon that even the
consumers who purchase upstream program measures are unaware of the program.)

Discrete choice models begin by estimating the probability of consumers’ adepting particular energy
efficiency measures. These probabilities are then incorporated in a quasi-experimental research design
that directly estimates net savings. The disadvantages of this method are that it tends to be data
intensive and it is expensive to implement.

Self-report methods rely on survey responses, which are used to estimate separate values for free-
ridership, participant spillover, and non-participant spillover, which are then combined to derive the
NTG ratio. For the purpose of NTG ratio calculations for Act 129-funded programs, PPL Electric proposes
to use the self report method described in Section 4.1.3 of the revised draft 2011 Audit Plan. PPL
Electric’s proposed approach for implementing this method is described below.

Calculating NTG Ratio for Act 129 Programs

Implementation of the self-report methad for each program involves conducting surveys of consumers
who participated in each program, as well as a representative sample of consumers who were eligible
but did not participate. The proposed method for implementing these surveys and analyzing their
results are described below.

The EM&YV CSP implemented large participant surveys in PY1 and has continued them in PY2. These
surveys have served to verify measure installation, to assess program process issues including customer
satisfaction, and to collect data to compute free-ridership and participant spillover. The EM&V CSP
incorporated free-ridership and participant spillover batteries in these surveys and plans to continue
collecting data about free-ridership and participant spillover in the context of these surveys.

The EM&V CSP has not yet conducted surveys to investigate non-participant spillover; these surveys still
need to be designed and administered. Because no non-participant spillover surveys were conducted in
PY2, the NTG ratio reported for PY2 will only reflect free-ridership and participant spillover,

Sample Size
Participant Surveys

The draft revised 2011 Audit Plan does not stipulate a sample size for determining free-ridership, but
states that the estimates must be “typically developed such that the statistical precision at the measure
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category level (lighting, HYAC, motors, etc.) is 90 percent confidence with a 20 percent precision range
and at the program level is 90 percent confidence 10 percent in precision” (Section 4.1.3.1).

EM&V verification sample sizes are stipulated in the SWE Sampling Resolution NDIemo {GM-003, dated
February 18, 2011). (These minimum confidence and precision targets are repeated in Table 4-8 of the
draft 2011 Audit Plan.) In GM-003, the SWE states the following minimum confidence and precision
levels: |

e 90/10 for the Residential Portfolic

* 90/10 for the Non-Residential Portfolio

e  85/15 for each program within each portfolio |

Note the discrepancy in sampling requirements at the program level. GM-003 and Table 4-8 of the draft
2011 Audit Plan state that verification should meet confidence and precision levels of 85/15 at the
program level. However, the draft 2011 Audit Plan suggests having 90/10 at the program level and
90/20 at the measure category level for free-ridership. Therefore, the free-ridership sampling rigor
required per the Audit Plan will exceed verification requirements prescribed by:GM-003 and Table 4-8 of
the draft 2011 Audit Plan. Since the surveys include verification and free-ridership and participant
spillover batteries, sample sizes will need to be increased from verification only, (85/15 at the program
level) to meet free-ridership requirements {90/10 at the program level).

In PY1 and PY2, the EM&V CSP’s sampling plans for measure verification, inc[ud:ing surveys, has
exceeded the 85/15 requirement at the program level, and has met or exceeded the 90/10 requirement
at the sector level. Where appropriate, sampling targets have been determined based on ex ante savings
strata (small, medium, and large projects), which often include specific measure categories within one
stratum. i

In PY3, the EM&V CSP plans to bring sample sizes closer to 90/10 by program. This sampling plan meets
the Audit Plan requirements of 90/10 by program, which will amount to approxXimately 70 surveys per
program. This sample size may be too small to extrapolate NTG results to the population of participants.
For example, in a program like the Efficient Equipment Incentive Program where 25,000 rebates can
easily be processed, 70 survey responses regarding purchase behaviors may not accurately represent
free-ridership and spillover among all program participants. See Table B-1 for ajlist of survey sample
sizes by PPL Electric program.

Tahle B-1: Participant Survey Sample Sizes for Estimating Free-ridership and Spillover

PY1 and PY2 PY3 and PY4
Program Completed Annual Sample
Program Survey, . o Launch Surveys | Size
Appliance-Recycling Program Participants PY1 . 245 75
Use results

Appliance Recycling Program Non-participants PY1 169 from PY1/PY2
Compact Fluorescent Lighting Campaign PY1 , B33 300
Custom Incentive Program Participant PY1 . 20 75
Energy Efficiency Behavior & Education Program Participant {no free- PY2 . 319 300
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T o PYlandPY2 | PY3andPY4
Program Completed | Annual Sample:

Program. Survey . L Launch- . Surveys . Size

ridership, spillover only)

Efficiént Equipment Incentive Program Participant {residential) PY1 304 120

Efficient Equiprment Incentive Program.Participant (commercial} PY1 225 150

Renewable Energy Program.{winding-down in P¥3) PY1l 221 Estimated 5
_Home Assessment & Weatherization Program Participant (audit only) PY2 68 34

Home Assessment, & Weatherization Program Participant (with:

installed measuiés), ) PY2 0 34

NOTES: S i S )

Non-participant Surveys Propgsed for PY3

The proposed sampling plan for the non-participant spillover surveys aims to produce results that will
meet requirements stated in the draft 2011 Audit Plan, which recommends statistical precision at the
measure category level (lighting, HVAC, motors, etc.) of 90% confidence with 20% precision. At the
program level, the target is 90% confidence +10% precision.

The sample size required to meet 90/20 is approximately 17. The proposed sample plan sets 50 points
for each measure level category in the non-participant spillover surveys. The additional points will
provide a more robust sample and account for any attrition resulting from incomplete responses. The
EM&V CSP will fill the quota in each measure category with customers who report that they instalied the
measure.

In the commercial sector, the measure categories match those used for participant verification activities:
lighting, HVAC, refrigeration, fans and motors, and miscellanecus residential appliances and office
equipment. The EM&YV CSP will proportionately aliocate the non-residential sector sample to the
commercial sector and to GNI| sectors based on PY2 participation. The EM&VY CSP proposes conducting a
total of 250 commercial non-participant spillover surveys.

In the residential sector, proposed measure categories include HVAC (GSHP, ASHP, CAC, room AC),
appliances {white goods), HPWHs, and other measures. The EM&VY CSP proposes conducting a total of
200 residential non-participant spillover surveys. The actual measure categories for the non-participant
spillover surveys will be based on the final list and distribution of measures adopted in PY2. Table B-2
outlines the survey sample sizes for estimating non-participant spillover.,

Table B-2: Nonparticipant Spillover Survey Sample Size

Number of Measure Number of Sample Total Number of
Sector . Categories Points per Category Surveys
Residentia! 4 50 200
Non-residential (pro-rated for
commercial and GNI} 5 50 250
Total 9 100 450
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_Sector

Number of Measure Numbér of Sample’ Tota! Number of
Categories Points per Category | Surveys

" NOTES:

Free-ridership Survey Design

i

The self report surveys administered to program participants included separate batteries for free-
ridership and participant spillover. Free-rider survey questions determine whether the participantis a
free-rider, a partial free-rider, or a full free-rider. To avoid response bias, the EM&Y CSP determines
free-ridership by eliciting information about the participants’ decision to adopt|program measures
through a battery of indirect questions. |

For residential programs where the homeowner is the decision maker, the EM&V CSP asks the following
free-ridership questions: |

1.

Already Ordered or Installed. When you first heard.about the program‘/rebate from PPL Electric
for the [MEASURE], had you already purchased the [MEASURE]? T

Planning to Purchase. When you first heard about the program/rebateifrom PPL Electric, had
you already been planning to purchase, or had you already begun collecting information about
the [MEASURE]? |

Would Have [nstalled Without Rebate. Without a rebate from PPL Electric, would you still have
purchased the exact same [MEASURE] for your home? !

Same Efficiency. Without the rebate, would you have still purchased a [MEASUREI that was just
as energy efficient, more efficient, or less efficient?

Planning to Install Soon. Without the rebate, would you have bought the [MEASURE] sooner, at
about the same time, later in the same year, in one to two years, in three to five years, or five or
more years later? |

Purchased Same Measure Previously. Before buying the [MEASURE] and receiving your rebate
from PPL Electric, had you ever purchased the same [MEASURE] for yom%r home/business?

The free-ridership portion of the non-residential survey includes similar questiofns, but replaces the
residential survey question about planning to purchase with a question asking whether the measure
purchased had been included in their capital, operating, or maintenance plans c{;r budgets. In addition,
for certain measures, quantity is a consideration and should be included. The following are the free-

ridership questions for the non-residential sector: [

1

Already Ordered or Instalied. When you first heard about the rebate fr:om PPL Electric for the
[MEASURE], had you already purchased the [MEASURE]? '

Already in Budget. Was buying the [MEASURE] included your most recent capital budget before
you participated in the program? |

Purchased Same Measure Previously. Before your arganization participated in the PPL Electric
program for the first time, had you ever purchased the same type of [MEASURE]?

Would Have Installed Without Rebate. Would you have purchased the; [MEASURE] without the
rebate? ‘

Same Efficiency. Without the rebate, would you have still purchased a [MEASURE] that was just
as energy efficient, more efficient, or less efficient?
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6. Planning to Install Soon. Without the rebate, would you have bought the [MEASURE] socner, at
about the same time, later in the same year, in one to two years, in three to five years, or five or
more years later?

7. Same Quantity. Without the rebate, would you have still purchased and installed the same
number of [MEASURE]?

The survey asks whether the participant had heard about the measure before they heard about the
program. If they had never heard of the measure or the technology before the program, they cannot be
a free-rider.

Free-ridership Scoring Model

The EM&V CSP developed a simple model to score responses from the free-ridership questions. The
EM&Y CSP will then calculate the precision (standard error) for these scores based on their distribution.
This approach is cited in the NAPEE National Action Plan for Energy Efficiency Handbook on DSM
Evaluation, 2007 edition, page 5-1, and offers several important features:

e Derives a partial free-ridership score based on the likelihood of a respondent taking similar
actions in the program’s absence,

e Applies a consistent set of rules to individual respondents’ answers when determining free-
ridership scores.

* Uses consistency checks and open-ended questions to ensure that quantitative scores match
respondents’ explanations of program attribution.

e Enables the ability to change weightings for sensitivity analysis, in order to test the robustness
of the response set.

Through experience, the EM&Y CSP knows that program participants do not fall neatly into free-
ridership and non-free-ridership categories. For example, partial free-ridership scores are assigned to
participants who had plans to install the measure prior to the program, but for whom the program or
other market characteristics exerted some influence over their decision. To account for this, the model
incorporates the following inputs:

» Raw participant survey responses along with the program categories and energy savings for the
rebated measures.

s Tables converting the raw survey responses for each program category into matrix terminology.

o Custom free-ridership scoring matrices for residential and non-residential programs.
Shown in Figure B-2, the mode! uses a simple interface, allowing users to produce a scoring analysis for
any program category. It displays combinations of participants’ responses and their corresponding free-
ridership scores, and then produces a summary table of the average score and precision estimates for
that program category. The model uses the sample size and a two-tailed test at the 9C percent
confidence interval to determine the average score’s precision.
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Figure B-2. Free-ridership

NTGR

~—

Spillover Survey Design

Participant Spillover Survey Questions

50
EA SOw
Installed Installed
effident efficient
measure measure
Not aware Aware of
of programs programs
Influenced by Influenced by
Pparticipation programs

Participant spillover occurs slowly over time as the program matures and information about the
program spreads. While the accuracy of the free-ridership estimate depends on eliciting responses close

to the time of the measure adoption decision, spillover occurs in the longer term.

The purpose of the spillover survey battery is to determine energy efficient meésures the participant
installed outside of the program, without a rebate, that were influenced by thejprogram. The EM&V CSP

designed the participant spillover survey to answer three primary questions:

1. Since participating in the program being evaluated, has the participant fnsta”ed additional
energy efficient equipment or measures that were not rebated through a program?
2. How influentiai was the program in the participant’s decision to install ?dditional energy

efficient measures?

3. How much or how many measures were installed?

Figure B-3 shows the participant spillover portion of the NTG ratio calculation.

f

!
|
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Figure B-3. Participant Spillover
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Savings from additional measures are considered spillover if the program significantly influenced the
respendents’ decisions to purchase the measures. Therefore, the spillover portion of the survey includes
questions about the characteristics and quantity of measures installed, as well as how influential the
program was in their decision to purchase and install the additional measures.

The survey asks respondents to only answer about products that are considered energy efficient, such as
ENERGY STAR-rated appliances, CFLs, and high-efficiency air conditioners. The survey also asks
customers why they did not seek a rebate for qualifying equipment.

Non-participant Spillover Survey Questions

Non-participant spillover can be large because it involves all eligible customers. In the case of a large
utility such as PPL Electric, it could be a significant energy savings number.

Non-participant spillover surveys assess three key factors, which taken together will identify customers
and measures that contribute to spillover:

1. Measure adoption: The purchase and installation of energy efficiency measures without
participating in a PPL Electric program.

2. Awareness: Knowledge of the PPL Electric programs and measures they offer.

3. Attribution: Whether the purchase was influenced by a PPL Electric program(s).

The EM&V CSP uses the same survey approach for residential and non-residential customers. The survey
questions for both groups ask about key measure categories and key measures within each measure
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category. The survey also asks customers why they did not seek a rebate for quIaIiWing equipment.

Figure B-4 shows the non-participant spillover portion of the NTG ratio calculation.
|

Figure B-4, Non-participant Spillover
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A top-down approach is used to calculate spillover savings. As noted in the sarripting section above, the
sampling quota in each measure category is filled with customers who report having installed a

measure. Spillover savings are only attributed to customers who installed a measure, were aware of the
rebate programs, and were influenced by the program.

This approach involves reviewing the entire spillover survey data set and removing respondents who
indicated that PPL Electric’s programs had no or very little influence on their décision to purchase

additional measures.

The EM&V CSP will identify rebated measures by cross-referencing survey resp;ondents with participant
databases {EEMIS records). Although energy savings result from the measures installed by these
participants, those savings are already attributed to the program from which tljey received a rebate;
savings cannot be attributed a second time to the program referred to with the survey questions.
Moreover, the EM&V CSP will drop measures from analysisthat are not in the TRM or where the

quantity or additional specifics are unknown {e.g., insulation and windows).

Savings will be determined for the remaining measures by mapping them to measures offered by PPL
Electric or listed in the TRM. For example, where respondents state they installed an incented air
conditioner withaut a rebate because they were highly influenced by PPL Electric’s program, the EM&V
CSP will assign savings for that air conditioner to the respondent.

|
J
|
[
|
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Survey respondents that stated the additional measures were energy efficient lighting or CFLs were
excluded from the savings calculations in PY2. For residential customers, the EM&V CSP assumed
respondents referred to purchase of CFLs. Because the CFLs were discounted upstream, including CFLs
in spillover could double count savings. Therefore, no savings were assigned to CFLs in the residential
sector.

In the commaercial sector, energy efficient lighting could refer to any number of fixture types and pre-
installation conditions. Detailed questions were not asked to determine the baseline condition and
lighting installed without rebates. Therefore, no spillover savings are assigned to the commercial sector
lighting measures. In PY3, the EM&YV CSP will consider adding detail to questions regarding energy
efficient lighting to better assess spillover for this measure.

NTG Ratio Calculations
As explained above, the NTG ratio is composed of three elements:

NTGR = {1~ FRY 4 503 4 SOy

In order to calculate the NTG ratio, free-ridership and spillover (both participant and non-participant)
must be expressed as a ratio of ex post verified gross savings. This is accomplished by estimating the
total savings determined to be attributable to free-ridership, participant spillover, and non-participant
spillover as follows:

Gross Verifled Javingd = FR Seuings + 30 Faringsper, + 30 JatiNgSyonoare
Gross Verifled Jauings

NTGR m

In surveys, where free-ridership is calculated directly as a fraction, total savings attributable to free-
ridership may be estimated using the following relationship:

EWRFER m wes x Gross Verifled Program Seuings

Average participant spillover is estimated in surveys not as a ratio, but as an average kWh per
participant; that is, for all measures (i) in the sample:

oimy S Riliover Jauings;

N pare

507 m Np

Total participant spillover for the whole program may then be calculated as the product of the average
kwh and the population of participants:

Total KIS0y = Np » KIWASO,

Similarly, the total non-participant spillover savings are estimated as the product of the sample average
spillover savings (non-participant sample who installed an incented measure and were aware of the
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program but did not participate) and the non-participant population size {wheré N and n represent the
number of customers in the population and the survey sample, respectively):

Elag Seilloner Satings;
R xenpars

Total KIVAIOp wm Nop #

PY2 NTG Results :

In PY2, the EM&V CSP completed 1,438 participant surveys, as shown in Table B-3. Surveys included
questions for free-ridership and spitlover, tailored to the program specifics (sector, measures, and
delivery channel). Nonparticipant spillover surveys were not conducted in PY2.'

Table B-3: PY2 Surveys Including NTG Questions

1

Number of Titnes Number of PY2
Program i FR | SO Survey Figlded Completed Surveys
Appliance Recycling Program Participant X X 2 142
Appliance Recyéling Program Nonparticipant X X 2 | 134
Compact Fluorescent Lighting Campaign (upstream.programy} X X 2 282
Custom Incentive Program X X 1, 20
Energy Efficiency Behavior & Education Program X 1 , 320
Efficient Equipment Incentive Program (residential} X X 2 224
Efficient Equipment Incentive Program (commercial) X 2 141
Renewable Energy Program X X 2 118
Home Assessment & Weatherization Program Participant {audit only) X 1. 68
Total 15! 1,572
NOTES:

For the Appliance Recycling Program, responses to the participant and nonparticipant surveys taken
together determine what customers would have done in the absence of the program (i.e., free-
ridership).

In the upstream CFL Campaign, participants are not known since the discount is offered the
manufacturer, and customers may not know they purchased a discounted bulb. The survey was
designed to catalog respondents as being aware or unaware of CFLs, and aware or unaware of PPL
Electric’s discounted CFL Campaign. Respondents who are aware of CFLs were asked the free-ridership
questions.

The Energy Efficiency Behavior & Education Program sends letters to customers, offering them energy
saving tips and information about their energy consumption. No incentives are paid to customers.
Therefore, there is no free-ridership in this program. To assess spillover, surveys asked respondents
about their participation in other rebate programs and about their installation ‘rof energy efficiency
measures.
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In programs with commercial participants, or measures with variable savings (such as the Renewable
Energy Program’s PV and GSHP measures), free-ridership scores were weighted by the verified savings
before applying the free-ridership score to the population. That is, once the free-ridership scores were
determined for each participant, a savings weighted score was computed. The individual score was
multiplied by the participant’s verified savings to determine a savings weighted score. In this way, scores
for very large projects carry greater weight than scores for much smaller projects.

Spillover savings were not applied to lighting measures. In the residential sector, 28 survey respondents
across all programs reported purchasing 418 CFLs. Since CFLs are discounted in the upstream program, it
is possible that CFL purchases reported by respondents were PPL program bulbs. To avoid double
counting savings, no spillover savings were included for reported CFLs. In the non-residential sector, five
respondents reported 85 efficient lighting installations. Not encugh detail is known about the baseline
and post-installation fixtures to assign savings to these measures, nor to determine if these were CFLs or
commercial lamps and fixtures. In PY3, additional questions will be asked to better ascertain possible
savings from these measures.

Shown in Table B-4, participant spillover savings ranged from no spillover to 6% of program savings.
Survey respondents from the Renewable Energy Program, the Custom incentive Program, and non-
residential participants of the Efficient Equipment did not report installing any additional un-rebated
measures (i.e., they did not report spillover).

Free-ridership ranged from 15% for non-residential participants of the Efficient Equipment Incentive
Program who installed lighting measures, to 69% for Custom Incentive Program participants. Retroactive
measures were allowed for projects completed and reported in PY2. Separating out the retroactive
projects from the rest, the Custom Incentive Program reported 75% free-ridership among retroactive
projects, whereas 50% to 55% free-ridership was reported among respondents for the Renewable
Energy Program and the Efficient Equipment Incentive Program.
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Table B-4: PY2 NTG Results

I | Survey | Survey | §

: Yotal - i‘ ‘Total:Unigde | Sample | Samplé | 3

Survey, Spillover | ‘Spillover |; Program. | Participant |  Free- . | NG
Program Responses | Respondents | KwWh/yr | kWh/yr | Spilloveis | -ridership, NTG: ! PreciSion
_Appliance.Recycling Program : 276 11 9,955 289,536 3% 43% 61% 6%

_Home Assessment & Weatherization Program 68 3 579 35,868 2% 0% 102% 7%

. Renewable Energy Program 118 3 2,383 733,684 <1% 63% 37% 7%
Efficient Equipment fncentive Program {residential) 224 14 11,031 196,709 6% 52% 54% 7%
Efficient Equipment incentive Program (commercial,
non-ighting measures) 99 1 6,435 182,481 4% 47% 57% 6%
Efficient Equipment Incentive Program (commercial,
lighting measures) 42 0 0 7,530,436 0% 15% 85% 7%
Custom IncantiveProgram 19 0 0 NA 0% 69% 31% NA
CFL Campaign 282 NA NA NA NA NA 77% NA

NOTES:
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Appendix C: Compact Fluorescent Lighting Campaign NTG

Free-ridership , Spillover, and NTG Methodologies

The EM&YV CSP conducted a telephone survey with a random sample of residential PPL Electric
customers as the primary means of assessing the CFL Campaign’s PY2 free-ridership, spillover, and NTG
ratio. The survey began with a battery of questions to identify respondents who were aware of CFLs
prior to the survey. Responses from the 174 customers who had purchased one or maore CFLs in the past
three months were used in the NTG analysis (out of 282 total respondents who completed the

telephone survey).

Free-ridership was analyzed on a per-CFL basis rather than per customer. The 174 respondents had
collectively purchased 1,259 CFLs over the past three months.

Through their answers to the customer survey, the respondents were grouped into four categories:

1. Recent CFL purchasers who bought or received a CFL free-of-charge within the last three months
and were aware of PPL Electric’s CFL Campaign before they participated in the survey. Only
respondents who had recently purchased a CFL were included in the NTG analysis (respandents
who had recently received a free CFL but had not purchased any were excluded).

2. Recent CFL purchasers who were unaware of PPL Electric’s CFL Campaign.

3. Respondents who were aware of CFLs but had not recently purchased any.

4. Respondents who were unaware of CFLs priar ta answering the survey questions.

The NTG analysis incorporated respoendents from the first two categories above: that is, respondents
who had purchased one or more CFLs in the past three months, including those who were aware of the
CFL Campaign and those who were not. Respondents in categories 3 and 4 were not included in the NTG

analysis,

Free-Ridership, Spillover, and NTG Findings

PY2 survey respondents who were aware of the program reported purchasing a total of 649 CFLs in the
past three months. Based on their responses to a battery of free-ridership questions, the weighted
mean free-ridership rate for CFLs purchased by category 1 respondents (aware of the program) was
48%, with an upper bound of 59% and a lower bound of 37%.

Respondents in category 2 (unaware of the program) reported they had collectively purchased 610 CFLs
in the past three months. The EM&V CSP observed that some of these respondents were influenced by
the program even though they were not aware of it, while others were not. Category 2 respondents who
bought CFLs and were unknowingly influenced by the program are considered spillover. Category 2
respondents who bought CFLs but were not influenced by the program are free-riders. The EM&V CSP
reasoned that, at most, free-ridership among recent purchasers who were unaware of the program was
48% (the average of those who were aware of the program). At the low end, free-ridership for recent
purchasers who were unaware of the program was 37% (the same lower bound as for recent purchasers
who were aware of the program).
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The EM&V CSP computed the CFL Campaign NTG using the above values and tﬁe following equations.
The calculation is also shown graphically in Figure C-1. |

(1) Net FR = {{CFlaware * FRaware} + {CFLypaware ¥ Not-Influencedunauare) - {CFLYnawsre * INfluencedynaware))
/CFLTutaI !
(2) NTG =1~ NetFR

Where:

Net FR = Net free-ridership, defined as free-ridership mi;nus spillover.

CFLaware = Number of CFLs recently purchased by respondents who were aware of
the program. !

FRaware = Free-ridership rate for respondents who were aware of the program
(derived from the battery of free-ridership quest1ons on the customer
survey).

CFlymsware = Number of CFLs recently purchased by respondents who were not

aware of the program. |

Not-Influencedyaaware = Percent of CFLs purchased by respondents who were not aware
of the program and were not influenced by it (considered free-riders).

Influencednaware = 1 ~ Not-Influencedgynaware = Percent of CFLs ptfirchased by respondents
who were not aware of the program but were influenced by it
{considered spillover}.

CFlrotal = Total number of CFLs recently purchased by respondents

For the mid-range free-ridership case:

(1) Net FR = {(649 * 48%) + (610 * 48%) — (610 * 52%)) / 1,259 = 23%
(2) NTG = 1-23%=77% ,

For the high-range free-ridership case:

(1) NetFR = ({649 * 59%} + (610 * 48%) — (610 * 52%)) /1,259 = 29% |
(2) NTG=1-29% =71%

And for the low-range free-ridership case:

(1) Net FR = {(649 * 37%) + (610 * 37%) — (610 * 63%)) / 1,259 = 6% |
(2) NTG=1- 6% = 94% ‘

Since it is highly unlikely that all recent CFL purchasers who were unaware of the CFL Campaign before
they participated in the customer survey would have purchased the same quantlty of CFLs without the
program discount, the program’s actual NTG ratio is likely at the higher end ofthe 71% to 94% range.
The EM&V CSP therefore estimates NTG for the CFL Campaign as 85%.
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Figure C-1. CFL Campaign Net-to—Gréss Calculation
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Corporate-Level CFL Retailer Interviews
No corporate-level retailer interviews were conducted in PY2. The EM&V CSP conducted corporate-level
retailer interviews in PY1 and used results from those interviews to inform the PY2 NTG analysis.

In PY1, retailer respondents were asked if they thought their sales of ENERGY STAR CFLs in central and
eastern Pennsylvania during 2010 would be the same, higher, or lower—and by how much—if PPL
Electric’s upstream incentives had not been available. All of the respondents replied that their sales
would have been lower in the absence of the CFL. Campaign. Their estimates were that sales of standard
ENERGY STAR CFLs would have been 50% to 95% lower {sales of specialty CFLs, a small fraction of total
CFL sales, reportedly would have been 45% to 83% lower in absence of the program).

In PY1, the retailer respondents were also asked to estimate the percent of their total CFL sales in
central and eastern Pennsylvania they could attribute to PPL Electric’s CFL Campaign. While one
respondent was unable to provide an estimate, the other respondents gave answers ranging from 70%
to 95%.
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For each retailer, the EM&V CSP divided the respondent’s first estimate {the drop in CFL sales that the
retailer would expect in absence of the program} by their second estimate (the percent of total CFL sales
attributable to the program}. This ratio provided an approximation of the program’s NTG ratio, ranging

from 53% to 100%, with an average of 78%.

While the retailer sample size was not large enough to provide statistically vali(‘[i results, and the
individual retailers’ responses were based on rough estimates, the retailer survey nevertheless provides

an estimate of the CFL Campaign’s NTG ratio.

b
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Appendix D: Custom Incentive Program Project Veriﬂca}tion

Project Verification
This appendix provides a summary of each project and the savings verification ;?rocess for the Custom

incentive Program in PY2. There have been a total of 54 projects.

1

Q1 - Project 44 was a bulk purchase of CFLs. The baseline and installation rates were verified
through a site visit. It was confirmed that all lamps were installed, with Inone being reserved as
spares. The quantity and wattage of the installed fixtures were consistent with the invoices.

Q2 - Project 2 was a process reconfiguration at a wastewater treatment facifity. it included the
replacement of motors and the installation of VFDs. The project was included in the sample, and
verified savings were calculated based on a site visit and analysis of me’:tering data. The baseline
and post-installation motor performance was metered at the PPL Electric service meter using a
15-minute interval data, recording utility-grade meter.

Q2 - Project 33 involved replacing 45 Watt incandescent lamps with 7 Watt LED lamps in a
decorative outdoor application. Both pre-installation and a post-installation inspections were
conducted. The operating hours and calculations were also reviewed.

Q2 - Project 63 was a lighting project involving the replacement of metal halide fixtures with
induction fixtures in a manufacturing facility. The project was included |n the sample, and
verified savings were calculated based on a site visit and examination of invoices submitted with
the application. The verified savings were obtained from the TRM [ightifng audit tool. Final
savings are based on the TRM lighting tool with the prescribed deemedli EFLH, verified counts,
and custom wattage for the induction fixtures. Measure costs were verified from invoices
provided by the customer. '

Q3 - Project 14 was an EMS expansion at a secondary school. Upgradeslto the building EMS
software have allowed for greater precision in controlling the system set points throughout the
facility. The project is in the large sample. Verified savings were determlned in accordance with
the SSEMVP with 12 months of post-instaliation metering data.

Q3 - Project 28 involved replacing high-intensity discharge lamps in a cold storage warehouse
with LED fixtures that have integrated occupancy sensors. The project is in the custom program
because PPL Electric had no prescriptive incentive for high bay LED lighting. The project is in the
large sample. Verified savings were calculated based on pre- and post- i'nstallation site visits. The
savings was obtained using the TRM lighting audit tool and a custom !|ght|ng controls savings
factor (SVG) determined through logging. The SSEMVP is a site-specific appltcatlon of the SWE-
approved CMP for custom lighting controls.

Q3 - Project 32 was a large lighting retrofit project which converted an :array of fixtures to
induction fixtures in three parking garages. The project is in the custom program because PPL
Electric had no prescriptive incentive for induction lighting. The projectiis in the large sample.
Verified savings were calculated based on pre- and post-installation sité visits and an SSEMVP.
The final savings were based on the TRM lighting tool with the metered hours of operation,
verified counts, and deemed SVG of 50%. ‘

Q3 - Project 37 was a large T12 to T8 conversion in a large office building. The project is in the
custom program because PPL Electric had no prescriptive incentive for 1-lamp T8 fixtures. The
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10.

11.

12.

13.

14,

15.

16.

17.

project is in the large sample. Verified savings were calculated based on a site visit and EMS
trend data used to determine the EFLH. The savings were obtained using the TRM lighting audit
tool.

Q3 - Projects 42, 43, 45, 51, 94, and 115 involved installations of EMS systems in small retail
stores. The projects are in the large sample. Verified savings will be determined in accordance
with the SSEMVP once 12 months of post-installation metering data is available.

Q3 - Projects 81, 86-93, 123, 125, and 126 involved installations of EMS systems in medium-
sized retail stores. These 12 projects are in the large sample. Verified savings were determined
in accordance with the SSEMVP using 12 months of post-installation billing data. Two of the sites
could not be evaluated using billing analysis, so the realization rate from the other 10 projects
was applied to them.

Q3 - Project 50 was an EMS installation at an elementary school. The measure involved
converting pneumatic controls to direct digital controls, plus instaliing demand control
ventilation (DCV). The project is in the large sample. Verified savings were determined in
accordance with the SSEMVP using 12 months of pre-installation and 12 months of post-
installation metering data. A site visit was also performed.

Q3 - Project 65 was a compressed air project in an industrial facility. The customer purchased
and installed a new 250 HP VSD rotary screw air compressor to replace an existing 300 HP
constant speed compressor. The project is in the large sample. Verified savings were determined
in accordance with the SSEMVP using pre- and post-installation metering data. A site visit was
also performed.

Q3 - Project 80 was a custom lighting project involving the replacement of exterior fixtures in a
parking lot. The project was included in the sampie, and verified savings were calculated based
on a site visit and examination of invoices submitted with the application. The verified savings
were obtained from the TRM lighting audit tool.

Q3 - Project 122 was a compressed air project in an industrial facility. The project involved
upgrades to the compressed air system from a pair of single-stage air compressors using
modulating control to a single, double-staged compressor controlled by a VFD. The project is in
the large sample. Verified savings were determined in accordance with the SSEMVP using pre-
and post-installation metering data. A site visit was also performed.

Q4 - Project 1 was a retrofit compressed air project in an industrial facility. The project updated,
fixed, and installed five components of the compressed air system. The project is in the large
sample and has been verified. Verified savings were determined in accordance with the SSEMVP
using pre- and post-installation metering data.

Q4 - Project 11 was a compressed air project in an industrial facility. The existing constant speed
screw air compressor was replaced with a new 100 HP air compressor equipped with a VSD. The
project is in the large sample and has been verified. Verified savings were determined in
accordance with the SSEMVP using pre- and post-installation metering data.

Q4 - Project 38 was a custom retrofit project on a college campus that resulted from a
performance contract. The project consists of six measures, including lighting retrofits, vending
miser centrols, HVAC upgrades, and HVAC control improvements implemented for a total of 22
buildings. The project is in the large sample and a post-installation inspection was conducted.
Verified savings were determined in accordance with the SSEMVP. The lighting savings include
the use of metering data collected by the energy services company. Billing anaiysis is used for a
pertion of the project.
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18. Q4 - Project 48 was a process cooling project in an industrial facility. The project involved
abandoning one of the two process cooling water systems and upgrading the remaining one so
that the entire plant could be run off of a single system. VFDs were also added to the remaining
pumps and cooling tower fans. The project is in the large sample and has been verified. Verified
savings were determined in accordance with the SSEMVP using pre- and post-installation short-
term metering data. |

19. Q4 - Project 70 was a compressed air project in an industrial facility. The project involved adding
new high pressure dryers, a compressed air storage tank, and a flow control valve. The project is
in the large sample and has been verified. Verified savings for the storage tank and controls
were determined in accordance with the SSEMVP using pre- and post—iﬁstaﬂation metering data.
Verified savings for the dryers were based on verification only, as addressed in the SSEMVP.

20. Q4 - Project 72 was a large lighting project that took place in a refrigera;ted distribution center.
The project was a one-for-one replacement of 400 Watt HPS fixtures with 160 Watt LED fixtures
with integrated occupancy sensors. The project is in the large sample and has been verified.
Verified savings were determined from the TRM lighting tool and metefed hours of operation
(EFLH). A customer lighting controls SVG was determined from the metering.

21. Q4 - Project 75 was a compressed air project that took place in an induétrial facility. A
compressed air load was replaced with a system that used electricity but no compressed air.
Specifically, low pressure blowers were installed on three rinsers to repllace compressed air
nozzles. Two new rinse lines were also installed with the fow pressure blowers. The project is in
the large sample and has been verified. Verified savings were determined in accordance with
the SSEMVP using pre- and post-installation metering data, as well as using compressed air plant
efficiency data determined during an air audit. |

22. Q4 - Project 103 was a process cooling water project in an industrial plant. The project is a
complete replacement of the equipment serving two cooling water loops at the plant. Air cooled
chillers, condensers, pumps, and other cooling system components welf'e replaced. Frigel dry
coolers now serve much of the load that was previously served by air cooled chillers. The project
is in the large sample. Extensive data is collected by'the site’s supervisdry control and data
acquisition system, and this data has formed the basis of the verificatio;n. The verification
savings followed the outline provided in the SSEMVP. \

23, Q4 - Project 105 was a custom VFD project in an industrial facility. A VFD was installed on a
blower that pulls air from the plastic production process and filters it before being released into
the atmosphere. The VFD controls the blower speed to modulate the necessary suction pressure
without the use of a damper. The project is in the large sample. Verified savings were
determined in accordance with the SSEMVP using pre- and post-installation metering data.

24, Q4 - Project 107 was a retrofit custom VFD project in a manufacturing facility. A 400 HP direct

control drive was replaced with an air conditioning motor with VFD. The project is in the large

sample. Verified savings were determined in accordance with the SSEIVIVP using pre- and post-
installation metering data.

Q4 - Project 110 was a large retrofit lighting project in a refrigerated warehouse It was a one-

for-one replacement of 74 total 400 Watt metal halide fixtures with 160 Watt LED fixtures with

integrated occupancy sensors. The project is in the large sample. Veriﬁéd savings were
determined in accordance with the SSEMVP and the TRM lighting tool. Meterlng was used to
determine the EFLH and a custom controls SVG.

25
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26. Q4 - Project 136 was a compressed air project installed in an industrial facility. The existing air
compressor was replaced with a new compressor and equipped with a VFD. The project is in the
large sample. verified savings were determined in accordance with the SSEMVP using pre- and
post-installation metering data.

The remaining 12 projects that received incentive payment from PPL Electric in PY2 Q4 are in the small
strata. Of these, six were directly verified. The realization rate determined for the verified small projects
was applied to the reported savings for the unverified small projects. Table D-1 and Table D-2 list the
projects in the small savings strata that received incentive payment from PPL Electric in PY2 Q4. The
projects in the sample are:

1. Project 137 was a custom lighting retrofit project that replaced 87 metal halide fixtures with 87
induction fixtures, according to the lighting inventory form. The project is in the small strata and
was selected for the sample. It was verified in accordance with the SSEMVP. These replacements
are all in a single parking garage. The project is in the PPL Electric custom program because
there is no prescriptive incentive for induction lighting. A site visit was also conducted.

2. Project 180 was a lighting retrofit project which converted metal halide fixtures to 65 Watt CFLs,
and was completed in a single office space. The project was in the custom program because PPL
Electric had no prescriptive incentive for CFL’s of this wattage. A site visit was also conducted.

3. Project 188 involved the installation of vending miser controls on 24 cold beverage machines
throughout a school district. These devices reduce energy consumption due to lighting and
refrigeration during periods of consumer inactivity. A site visit was conducted to verify the
installation and the capacity of the vending machines. The TRM algorithm was used to
determine savings.

4. Project 201 was a smali lighting retrofit project which replaced 23 1-lamp 8-foot T12 fixtures
with 17 1-lamp T8 fixtures. The fixtures are all in one space. The measure is in the custom
program because PPL Electric has no prescriptive incentive for one lamp fixture replacements. A
site visit was conducted.

5. Project 202 involved installing a VSD on a 200 HP motor that drives a process material handling
and exhaust blower. Controllers slow the motor speed to save energy when the blower is not
required. Savings are based on the program implementer's metering of the post-retrofit motor
kW. A site visit was also conducted.

6. Project 219 was an exterior lighting retrofit project which replaced 332 high pressure sodium
fixtures with LED fixtures. Replaced fixtures were located on the street and a walkway. The
project was in the custom program because PPL Electric does not have a prescriptive incentive
for these LED fixtures. A site visit was conducted.
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Table D-1: Custom Incentive Projects Paid in PY2 Q4 and Included in the Sample Frame

Reported | Reportéd |
Project kWh{yr kKW - X ' Measure Measure Sub-
Number ‘Savings Savings | Measure Description | .catégory. Category
137 67,759 15 Data Center - Lighting Lighting Other
180 40,787 15 Data Center — Lighting Lighting Other
188 _ 34,368 - Industrial Process - Other Electric . Other Other
201 3,350 1 Data Center — Lighting \ Lighting Other
202 130,878 26 Custom Motors 1 Other Other
219 211,285 49 Data Center — Lighting ‘ Lighting Other
104 148,139 28 Permanent Operational Changes (Cooling DX) L Cocling Cooling
113 17,632 2 Permanent Operational Changes (Cooling DX) 1 Cooling Cooling
141 30,749 Data Center — Lighting \ Lighting Other
161 14,231 9 Custom Motors T Other Other
205, 168,278 33 Data Center — Lighting ‘ Lighting Other
313 10,081 4 Data Center - Lighting C | Lighting Other
NOTES:

Table D-2: Custom Incentive Projects Paid'in PY2 Q4 and Included in the Sample

- Reported . Reported | . o .
KWh/fyr kwr , Verified kWh/yr Realization:Rate Realization Rate

_ Projéct | Savings Savings. | Savings | Verified' kW Savings | KWh/yr'Savings kW Savings.

T L

137 67,759 15 72,081 106% 0%
180 40,787 15 37,079 13 91% 88%

. L

188 34,368 - 31,918 93% 100%

200 3,350 1 3,826 1 114% 137%
202 130,878 26 205,074 42 157% 160%
214, 211,285 49 211,285 100% 0%
_Total 488,427 106 561,263 56 115% 53%
_Average 111% 77%
" NOTES: ) Y o
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Appendix E: Fuel Switching

Fuel Switching Reporting and Results

On October 26, 2009, the PA PUC entered an opinion and order approving PPL Electric’s Act 129 plan. In
the order, the PA PUC required PPL Electric to track and report the frequency of customers switching to
electric appliances from gas appliances. In addition to reporting the frequency of these occurrences, PPL
Electric is required to report replacement appliance and system information. This appendix summarizes
information collected by PPL Electric through rebate forms and includes a summary of additional
research undertaken by the EM&Y CSP regarding fuel switching. The independent evaluation concludes
that while 0.35% of rebated appliances in the Efficient Equipment incentive Program involved fuel
switching, the actual incidence is less than 0.04%.

Efficient Equipment Incentive Program

Since the Efficient Equipment Incentive Program’s inception, PPL Electric has issued over 100,000
rebates to residential customers. Of those, only 391 (0.35%) have been reported by customers as
replacing gas equipment. Follow-up questions to these customers indicate that only a small proportion
of these projects are true instances of fuel switching, and there is no indication that the fuel switching is
motivated by the program rebates.

Table E-1 summarizes the rebated measures that, according to customer reports, replaced gas
equipment. The table summarizes the number of customer-indicated gas replacement measures, total
rebates issued for the measure, and the percentage of total rebates that were reported as gas
replacement. Of these rebated measures, most customers indicated that they replaced a gas device with
a CAC system, followed by customers who replaced a gas device with an ASHP. Because comparable gas
equipment does not exist for many of the rebated measures, some customer responses are clearly
incorrect. For example, refrigerators, dishwashers, and clothes washers do not have gas equivalent
measures.

Table E-1: Summary of Rebate Forms

' Rebate Forms lndicating
Measure Replaced Gas Total R‘ebates_ Issued
Measure Name Device {PY1 and PY2) Percent of-Total
CAC - SEER 16 168 2,377 7.07%
CAC-SEER 15 | 33 421 7.84%
CAC - SEER 14.5 . 13 160 8.13%
ASHP - SEER 16 80 3,666 2.18%
ASHP - SEER 15 36 2,910 1.24%
ASHP - SEER 14.5 3 100 3.00%
Heat Pump Hot Water Heater 41 1,552 2.64%
Clothes Washer [ 31,842 0.02%
Dishwasher 5 18,150 0.03%
ENERGY STAR Refrigerator 5 30,806 0.02%

PPL Electric | Page 169



11/15/2011 [Quarterly Report to the PA PUC

i “RebateForms Indicating' | 7 ]
Measute Replaced Gas |  TotalRebatesissued |
Measure:Name:_ _ Device {PY1 and PY2) . Percént of Total
Programmabie Thermostat 1 10,749 | 0.01%

NOTES:

f
At the close of PY2, the EM&Y CSP fielded a survey of residential Efficient Equipment Incentive Program
participants that included questions related to fuel switching. The fuel-switching questions were
designed to determine whether gas devices were actually replaced as indicated on rebate forms, and, if
so, if they were replaced with electric equipment. The survey also asked if parti:cipants had received
incentives from PPL Electric through the Efficient Equipment Incentive Program for those replacements.
Responses from customers were reviewed against issued rebates to determine} if the customer did
receive a rebate for the fuel-switching equipment. i
Of 72 surveyed households, 60 (80%) confirmed during folléw-up questioning t:hat they had replaced a
gas device. Ten said they had not replaced a gas device and two did not know if they had. Respondents
reported a total of 69 replaced devices, 56 of which were gas heating systems or gas water heaters.
Thirteen of the replaced devices were gas air conditioning systems, gas stoves, and oil furnaces
(Table E-2).

Table E-2: Summary of Replaced Gas Devices |

"Ga‘s;:Devi'ée‘ e _ Number Replaced |
Gas furnace or boiler 45 ‘
Gas water heater. 11 |
Gas.air conditioning system 4 !
Gas stove 3 j

" Qil furnice 3 ‘

_Other. o 3l

 NOTES:

' [a):0thetinciuded an air humidifier, a:propane furnace, and & gas dryeér. .

Of the 69 devices replaced, 50 {72%) were replaced because they were broken, did not work correctly,
or were old and in need of replacement. Twelve units were replaced because of the cost of operation or
efficiency. One customer replaced an oil furnace with a gas furnace to be more?compatible with the AC
system, Two customers installed gas stoves because they prefer to cook with gas.”* One customer
replaced a gas water heater that was not large enough with a HPWH, while another customer replaced a
gas boiler during a remodeling project due to placement issues (Table E-3).

2 pPL Electric does not offer a rebate for electric stoves. This is an example of customer confusion: the rebates
received by these customers were for a dehumidifier, a CAC, and two refrigerators. |
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Table E-3: Summary of Reasons for Replacing Gas Devices

Reason Count
Didn't work right.or oid and in need of

replacement o B 37
It was broken/failed 13

" To-reduce the cost of operation/mare efficient 12
Other 5
To get a.rebate 2
NOTES: ’ )

Figure E-1 and Figure E-2 show the response patterns for customers who replaced gas heating® and gas
water heating equipment, respectively. In Figure E-1, for gas heating equipment, the initial column of
responses {“Reason for Replacement”) shows the customer’s reason for replacing a gas furnace. Of the
39 units replaced, 31 were replaced because of equipment issues, while six customers indicated they
had concerns about the efficiency of the replaced unit or wanted to be more efficient. Only two of the
39 gas furnaces were replaced in order to get a rebate, but those two were replaced by another gas
furnace, not electric equipment.

The second column of responses (“Installed Replacement Equipment”) demonstrates that the majority
of gas furnaces (32 of 39} were replaced with gas furnaces, including the two units customers replaced
in order to receive a rebate. In none of these instances did a customer receive an incentive for a gas
furnace from PPL Electric.

The third column {“Rebate Received for Replaced Equipment”) shows that 14 customers indicated they
received a rebate for the replacement equipment. Equipment rebated to the respondents through the
Efficient Equipment Incentive Program is summarized in final column (“PPL Issued Rebates”). A
comparison of the installed replacement equipment with the rebates issued shows that in only four of
the 39 instances did customers replace gas equipment with electric equipment and receive a rebate for
that equipment (all ASHPs).* In none of those cases, however, did the customer indicate the equipment
was replaced in order to receive a rebate. Instead, customers were replacing broken, pooriy operating,
or inefficient furnaces.

® Gas heating equipment is classified as gas furnaces for simplicity.
* Four respondents indicated they had replaced their gas furnace with a heat pump hot water heater. The EM&V
CSP, accounting for customer confusion and issued rebates, recoded these responses as ASHPs.
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Figure E-1; Responses for Customers Replacing Gas Heating Equipment
i
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Figure E-2 presents responses for customers who replaced gas water heaters.
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Figure E-2: Responses for Customers Replacing Gas Water Heaters

INSTALLED REPLACEMENT REBATE RECIEVED FOR
REASON FOR REPLACEMENT EQUIPMENT REPLACED EQUIPMENT PPL ISSURD REBATES
" cac, retigerstor _]
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As with gas furnaces, the majority of respondents replaced their water heater because they were
broken, poorly operating, or inefficient. One customer indicated that the replaced water heater was
undersized. Of 11 gas water heaters, five were replaced with another gas water heater® and three were
replaced with a HPWH. The remaining three respondents indicated they replaced the gas furnace with
an electric water heater. A comparison of these responses with the issued rebates reveals that
customers installed and received PPL Electric rebates for a total of five HPWHs. In nane of those cases,
however, did customers indicate that receiving a rebate was the motivating factor for replacing gas

equipment.

While 0.35% of customers have reported fuel switching for equipment rebated through the Efficient
Equipment Incentive Program, survey data indicates that the actual incidence of fuel switching is much
lower than reported.

B This group of customers received rebates for CACs or refrigerators and indicated on their rebate applications
they had replaced gas equipment.
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Renewable Energy Program

im spring 2011, the EM&V CSP assessed fuel switching for the Renewable Energly Program through self-
report surveys with a sample of PY2 Q2 and Q3 participants. The fuel switching]portion of survey
questions were tailored to participants of the Renewable Energy Program. In PY2, 159 GSHP rebate
recipients reparted on their rebate application that they switched from a non-électric fuel to an electric
GSHP for space heating. Four of the 159 rebate recipients responded to the survey, and were asked to
confirm that they had switched space heating equipment from a non-electric fueled system (e.g., natural

gas or heating oil} to an electric system.

Two of the four survey reépondents confirmed fuel switching their space heating systems. One
respondent switched from a propane heating system to a GSHP. The propane heating system was
reported to be functioning, but old and in need of replacement. The other respondent switched from a
gas furnace to a GSHP. The gas furnace was functioning, and was not old or in need of replacement. This
respondent previously had CAC, and so the air conditioning capability of the GS}HP was not a factor in

their decision.
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:'
Appendix F: Method to Select Sampled Sites into C&I Liéht Logger Studies

introduction J
This appendix describes the methods the EM&YV CSP used to verify the C&I lighting projects in the
Efficient Equipment Incentive Program (prescriptive rebates) in PY2. The method was used to determine
whether a light logger study should be conducted at each site selected from the verification sampie. This
determination was based on cases where published EFLH appeared to be substantially different from
actual operating hours. !

|
This appendix also describes how annual operating hours were estimated for Cf&l lighting projects in the
Efficient Equipment Incentive Program after May 31, 2011. In PY3, EPS, PPL Electric’s CSP, will use this
approach when providing assistance to commercial customers enrolling in the program.

PY2 Verification |

Approach to Selecting Sites for Light Logger Studies
The 2010 PA TRM applies to all projects enrolled on or before May 31, 2011 (PY2). All projects installed

in 02 and Q3 will be reviewed, as well as projects administered by EPS during EY2 Q4, to determine if
logging is needed. For those projects included in the verification sample that reéquire a logger study, that
study will be performed as part of the EM&YV CSP’s annual evaluation, and will fverify reported savings.
Adjustments may be made to reported savings, determined by information found during the verification
process, |

Based on interviews with facility staff, it may be determined that the Appendix:C EFLH values are not
appropriate for a particular project. While the threshold for determining this non-appropriate
classification will vary with the value of a project’s savings and the individual suie characteristics, a light
logger study is generally indicated if the true operating hours appear to differ from EFLH values by 50%
or more. For example, some establishments may operate every day, 24 hours per day, while the
published TRM EFLH are for operation during 3,800 hours. If the TRM EFLH arejused to verify savings,
over half of the operating hours would not be included in the analysis, and legitimate savings would not
be counted. For these types of sites included in the verification sample, a logger study will be conducted.
Interval data will be requested from PPL Electric and will be analyzed in the verification study. It is
possible that savings will be verified in addition to those reported using the Appendix C EFLH.

|
As another example, during verification it may be found that a retrofitted build:ing is no longer in
business. In that case, the hours differ from the published EFLH values by 50% or more, and an
adjustment in operating hours may be needed. While a logger study may not be needed, interval data
will be requested from PPL Electric. The interval data wili document and support findings that the
building is abandoned or operating at severely reduced hours. Operating hours and savings will be
adjusted accordingly. |
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Logger Deployment

When EFLH are estimated from a light logger study, the loggers should be deployed for a minimum of
two weeks that represent the building’s typical operating schedule. Light loggers must be located on
fixtures that were selected by a sampling routine that ensures that the study results will be statistically
meaningful.

Process for Selecting Lighting Fixtures for a Logger Study

The process for randomly selecting representative samples of fixtures for logging at the site is described
in several standard M&YV and evaluation documents. The process assumes that a lighting inventaory is
available in a spreadsheet format. In general, the process involves the following steps:

1} Determine the sample size for the number of fixtures that will be verified at the site. Thisis a
function of the number of usage groups and the estimated savings and number of fixtures in
each group. Stratified sampling usually results in smaller sample sizes than simple sampling
approaches. The sample size is the sum of number of fixtures that will be Icgged26 in each usage
group. The minimum number of loggers per usage group is three. Sample sizes are normally
increased by 10% to compensate for potential logger failure. There are publically available
spreadsheet tools that can be used to determine sample sizes within the site.

2} In aspreadsheet, use a random number generator to assign unique numbers to each line in the
lighting inventory. Sort the inventory by usage group and random number. In each usage group,
select the line with the highest random number for logging. Repeat the process until the
number of selected lines equals the sample size for each usage group.

3} Deploy the required number of light loggers in any fixture in each line selected for sampling.
Leave loggers in place for a minimum of two weeks, longer if a building’s schedule is variable.

4} Retrieve loggers and analyze results. Annual hours are calculated for each usage group by
extrapolating from the percent “on” time during the logging period. All raw and processed data
should be preserved and available for review.

5) Calculate project savings by using logger-determined usage graup annual hours in the lighting
inventory spreadsheet. The inventory should reflect the as-built condition.

Projects Enrolled After May 31, 2011

Approach to Selecting Sites for Light Logeer Study

The approach, in accordance with the 2011 TRM, is to interview buiiding managers regarding operating
schedules and then select the appropriate building type/usage group and associated EFLH estimate(s)
that are stipulated in the 2011 PA TRM. Light loggers are used only if a project’s building type/usage
group is not listed in the 2011 PA TRM, or if the stipulated EFLH values are not appropriate for the
project building/usage group.

For projects enrolled after May 31, 2011, with an estimated change in connected load of 50 kW or more,
the 2011 PA TRM states:

* Strictly speaking, the sample size should be a function of the number of switches in a usage group, but since this
information is rarely collected in lighting inventories, fixture quantities are substituted,
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“EFLH values must be estimated for each group by facility interviews supplemented by either
logging or stipuloted values from Table 3-2. Facility interviews must firs;t identify the usage group
in which each fixture qualifies. Then either results from logging or Table 3-2 will determine the
appropriate EFLH for each usage group. Where participants disagree w.f‘th stipulated values or
the appropriate facility type and/or space type is not listed in Table 3-2, logging hours is
appropriate.”” \
TRM Table 3-2 stipulates EFLH values by usage groups for 16 building types. Following the instructions in
the TRM quoted above, EFLH for a project are estimated by usage groups based oh interviews with
energy managers or other staff familiar with the building. In most cases, if the building type/usage group
is listed in Table 3-2, the EFLH will be estimated using the Table 3-2 stipulated values. Otherwise, in the
following cases the EFLH estimate will be determined by a light logger study: '

e For buildings/usage groups not listed in Table 3-2 and for which there is no equivalent
building/usage group listed {e.g., a veterinarian is not listed but may have EFLH equivalent to a
hospital’s medical clinic; hence, logging would not be reguired). |

s When, based on interviews with facility staff, the implementer or evaldator determines that the
Table 3-2 EFLH values are not appropriate for a particular project, suchias for a grocery store
operating 24/7 or a sit-down restaurant open only for dinner or on weékends. While the
threshold for determining the non-appropriate classification will vary with the value of a
project’s savings, a light logger study is generally indicated if the true h:ours appear to differ
from 2011 TRM EFLH values by 50% or more. ,

» The TRM does not state the percent deviation (for example, 20% or 50%) between TRM tables
and the apparent actual hours of operation for use as the threshold to determine whether a
light logger study is needed. The threshold recommended here and the final decisions regarding
the threshold are internal policy and procedural decisions. f

|
Light loggers must be located on fixtures that are selected by a sampling routine that ensures that the
study results will be statistically meaningful. I

For projects enralled after May 31, 2011, with an estimated change in connected load less than 50 kW,
the 2011 PA TRM states that “..stipulated whole building hours of use must be used as shown in Table 3-
5.”%\f a building is not listed in Table 3-5, the 2011 PA TRM states that EFLH must be estimated by a
light logger study or an alternative method. An example of an alternative method is using the results
from two or three logger studies in small retail chain stores for other like-size stores in the chain that
keep the same schedule. Interviews alone are usually not sufficient for estimatjng the EFLH for these
smaller projects, unless there is.supporting evidence such as a time clock or EMS schedule, or posted
hours of operation as with a retail store. ‘

Logger Quantity and Duration

z Pennsylvania PUC. Technical Reference Manual. Page 128. June 2011, |
8, . .
Ibid. i
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When EFLH are estimated from a light logger study, the loggers should be deployed for a minimum of
two weeks that represent the building’s typical operating schedule. For projects with an estimated
change in connected load of 50 kW or more, a minimum of three loggers should be deployed per usage
group. Only those usage groups representing 80% of the kwWh/year estimated savings need be logged;
the remaining usage group{s) annual hours can be based on interviews only.

For projects with an estimated change in connected load less than 50 kW, EFLH by building type applies
and no usage groups are required. A minimum of three loggers deployed for a minirnum of three weeks
will suffice for these projects. The loggers should be installed in spaces representative of building
operating schedules (e.g., open offices, warehouse).

Documentation

If the 2011 PA TRM stipulated EFLH is not used, then a statement shall be placed in the project records
that describes the reason for the deviation. The statement should fully document the logger study.
Electronic copies of the raw and processed data logger files shall also be placed in the project record.
Likewise, i the 2011 PA TRM EFLH is not used, a logger study is not conducted {e.g., if the usage group is
a very small contributor to overall project savings), findings and the decision shall be fully documented
in the project record.

Evaluator Review

The EM&Y CSP will periodically review samples of lighting projects for accuracy and adherence to the
2011 PA TRM guidelines. Light loggers will be deployed only if, in the evaluator's judgment, the use of
stipulated hours is an inappropriate application of building types in Table 3-2 or Table 3-5.
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Appendix G: E-Power Wise Program and Behavior Savings Calculations

Program Savings

This appendix provides the inputs and calculations used to determine energy sa!wings for the E-Power
|

Wise Program.

Low-flow Faucet Aerator Energy Savings, Kitchen and Bath

The energy savings for the kitchen and bath aerators distributed in the partlcmant kits is calculated by
the installation rate determined from the participant kit surveys, and used in the “Low Flow Faucet

Aerator” algorithm provided in the TRM, as follows:

AkWh = ISR x [(FB— Fp) ><Tpe,so,,-pa,,XNpemnsX365><ATL><UHXUE><Eﬁ'?]/(F/home)
\

AkWpear = ISR xEnergy Impact x Fgp

|
The assumptions for variables used in these equations are provided in Table G-1.

|

1

Table G-1: Low-flow Faucet Aerator Calculation Assumptions

“Parameter. | Description . o Type Value _ Source
Fg | Average Baseline Flow Rate of Aerator (GPM) Fixed r 2.2 TRM
Fs | Average Post-measure Flow Rate of Sprayer (GPM) Fixed ! 1.5 TRM
ThersonDay Average Time of Hot Water Usage per Person per Day (minutes) Fixed | 4.9% TRM
MNper Average Number of Pegple per Household Fixed [ 2.48 TRM
AT Average Temperature Differential Between Hot and Cold Water {°F) Fixed ! 25 TRM
Uy Unit Conversion: 8.33 8TU/Gallons,"F Fixed || 833 TRM
Ue o Unit Conversion: 1 kwh/3,413 BTU Fixed 1 1/3413 TRM
Eff Efficiency of Electric Water Heater Fixed ‘ 0.90 TRM
|
Fep. Energy to Dernand Factor Fixed \ 0.00009172 TRM
_F/horme Average Number of Faucets per Household Fixed 3.5 TRM
- Participant
iSR! In-service Rate _ Variable Variable Kit Surveys
NOTES ” )
[a] Used interchangeably with installation rate.

Low-flow Showerhead Savings

The energy savings for the low-flow showerheads distributed through in the participant kits is calculated
by inputting the installation rate determined by the participant kit surveys lntO]the “Low Flow

Showerhead” algerithm provided in the TRM, as follows:

AKWA = ISR * (({GPMsass - GPMuw) / GPMaas,) * people * galsiday * days/year) / showers) * Ibs/gal *
(TEMP; - TEMP,,) / 1,000,000} / EF / 0.003412

!
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AfMWoear = ISR * AkWh * Energy ToDemandFactor

An ISR was included in the first calculation above in order to account for the fact that survey data
indicated less than a 100% installation rate for this measure. The assumptions for variables used in these
equations are provided in Table G-2.

Table G-2: Low-flow Showerhead Calculation Assumptions

Parameter _Description . _ . Type Value, _ Source
GPMpase Baseline Showerhead GPM : Fixed 2.5 TRM
. Participant Kit
GPM o Low-flow Showerhead GPM Variable 2 Surveys
people- Average Number of People per Household Fixed 2.48 TRM
gals/day Average Gallons of Hot Water Used by Shower per Day Fixed 11.6 TRM
days/year Number of Days per Year Fixed 365 TRM
showers Average Number of Showers in Household Fixed 1.6 TRM
Ibs/gal Pounds per Gallon Fixed 8.3 TRM
Tempy Assumed Temperature of Water Used by Faucet Fixed 120 TRM
Tempin Assumed Temperature of Water Entering House Fixed 55 TRM
EF Recovery Efficiency of Electric Hot Water Heater Fixed 0.9 TRM
Participant Kit
conversion Constant to Converts MMBtu to kWh Fixed 0.003412 Surveys
EnergytoDem
andFactor Summer Peak Coincidence Factor for Measure Fixed 0.00009172 TRM
Participant Kit
151 In-service Rate Variable Variable Surveys
NQTES: ’ i ' ) )
[a].Used interchangeably. with installation rate.

CFL Savings

The energy savings for the 15 Watt CFL and 20 Watt CFL distributed in the participant kits are calculated
by inputting the installation rates determined by the participant kit surveys into the “ENERGY STAR CFL
Bulbs {screw-in)” algorithm provided in the TRM, as follows:

KW = ((CFLouats X (CFLpours X 365))/1000) X ISRer
Ak Weak = (CFLumts)/1000 X CF X ISRer,

The assumptions for variables used in these equations are provided in Table G-3.

Table G-3: CFL Savings Calculation Assumptions

Parameter Description . _Type Value Source
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Parameter | Bescription.. T . . Type: | . Value- Source
CELhours Average Hours-of-use per Day per CFL Fixed 29 TRM
CF . Demand Coincidence Factor Fixed 5% | TRM
ISRefl In-service Rate per CFL Fixed 84%! TRM

i TRM and Participant
CFiwatts Delta | Average Delta Watts per Purchased ENERGY STARCFL | Variable | Calculated Kit Surveys

- 1

SR In-service Rate Variable Variable Participant Kit Surveys
‘NOTES! i T T i i
{a)iUsed intérchangeably,with installation.rate:

Electroluminescent Nightlight Savings }

The energy savings for the electroluminescent nightlight distributed in the participant kits is calculated
by inputting the installation rate determined by the participant kit surveys intofthe “Electroluminescent
Nightlight” algorithm provided in the TRM, as follows:

|
AWH = ((Wipe * Bing) — (WNL * finy)) * 365/ 1000 * ISRNL
l

Ak Woear = 0 {a8sumed) ;

The assumptions for variables used in this equation are provided in Table G-4.

Table G-4: Electraluminescent Nightlight Savings Calculation Assumptions

_Paraméter, | Desciiption L . | Type Value Source
W Watts per Electroluminescent Nightlight Fixed | 0.03 TRM
= |
Winc _ | Watts per incandescent Nightlight Fixed . 7 TRM
g i T
L\ Average Hours-of-use per Day per Electroluminescent Nightlight Fixed | 24 TRM
" Nine Average Hours-of-use per Day per Incandescent Nightlight Fixed | 12 TRM
- In-service Rate per Electroluminescent Nightlight, to be Revised ! Participant
ISRt Through Surveys Variablei Variable Kit Surveys
) NOTES: . o s : o , o

f
Behavior Savings ;
Electric impacts associated with behavior changes made as a result of participation in the program are
estimated based on calculations developed for the program’s CMP. The CMP was designed to utilize a
combination of engineering estimates and surveys for the purpose of assigning savings resulting from
activities, based on the actual steps taken by the program participants. |

\

The engineering algorithms for each of the behaviors for which the program is lclaiming electric energy
savings are provided below. The results of the surveys are used to determine the ISR—the rate at which
the energy efficient behaviors are implemented-—for behaviors that utilize corr&plete deemed savings
values. The surveys are also used to determine baseline conditions for behaviors that require
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established baselines from which to calculate savings; these are generally behaviors for which deemed
savings estimates require certain baseline conditions.

The following behavior savings were calculated based on behaviors reported by the participants:

* Water Heater Energy Savings: Savings achieved by customers who reduced the temperature set
point of their water heater and/or increased the number of clothes washer loads using cold
water.

e Refrigerator and Freezer Plug Load Savings: Savings achieved by customers who unplugged
their refrigerator or freezer for a portion of the year.

» Home Temperature Settings Savings: Savings achieved by customers who lowered their heating
temperature set point and/or raised their cooling temperature set point.

The engineering algorithms for each of the behaviors for which the program is claiming electric'energy
savings are provided below, along with a description of the interactions that take place between some
of the behaviors.

Water Heater Energy Savings

Water heater energy savings is potentially two-fold for participants who may elect to reduce the
temperature of their water heater as well as reduce the temperature of their clothes washing machine.
The overall calculation of water heater energy savings is represented as:

Electricity Impact (kwh) = kWh,, + kWh,,

Where:
kWhy: = Energy savings of water heater
kWhsm = Energy savings of washing machine

The first component of this equation (kWh) is the energy savings achieved as a result of a reduction in
the temperature setting of the hot water heater. This is a deemed value calculated for aerator
equipment if the participant indicates that a reduction has been made, as well as for clothes washing
equipment if the participant also indicates the presence of on-site clothes washing equipment.
Showerhead savings are not claimed through this energy-efficient action, because it is expected that
participants will use more of the hottes{ water setting to arrive at the same temperature they had been
accustomed to using prior to making the water heater adjustment,

The energy savings for the reduction in the temperature setting of the electric hot water heater
component of the hot water heater energy savings is calculated by inputting the ISR determined by the
participant kit surveys into the "Water Heater Setting Savings” algorithm provided in the CMP, as
follows:

Water Heater Setting Savings (AkWhen) = (kWhy + (kWhg X CW)) X ISRy X 1SR e

The assumptions for variables used in this equation are provided in Table G-5.
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Table G-5: Water Heater Setting Savings (kWh,,,) Calculation Assumptions |

_Parameter | Desérifition: ) _|. Type _ Value Source
Energy Impact of Water Heater Tem peratu re Reduction gnFaucet Hot !
kWhy Water Use Fiked 119 CMP
.| Energy Impact of Water Heater Temperature Reduction oniClothes Washer i
KWhi, Use , Fixed 84 cMP
| Phone
CW. Verified Clothes Washing Equipment On-site Variable | Variable | Surveys
I Phone
1SR in-service Rate per Water Heater Temperature Reduction Variable | Variable Surveys
) | Phone
- 15Rewn In-service Rate per Electric Water Heater Versus Other Fue! Water Heater Variable Variable | Surveys
NOTES:,

The secand compaonent of the water heater energy savings is washing machine|savings. These savings
are achieved when participants choose to adjust the temperature settings of their washing machine by
washing théir clothing in cold water. However, washing machine energy savingg. contain the potential for
interactive effects, which must be accounted for in the calculation. This is accomplished by applying.one
of two calculations, depending on whether the participant had previously mdlclated making a reduction
to the water heating equipment temperature. ‘

e [f the participant had not reduced the temperature of their water heat{ar, no interaction
between the behaviors exists, and the resulting calculation applies a deemed savings value that
assumes a higher water heater temperature. This value is then appliedito the increased percent
of loads washed in cold water.

s Ifthe participant indicates having reduced the temperature of their water heater, the deemed
energy impact of washing in cold water is reduced, and the energy |mpact of the water heater
temperature reduction on clothes washer use is removed from the caleulation.

The energy savings for the washing machine setting component of the hot water heater energy savings
is calculated by inputting the ISR determined by the participant kit surveys into;one of two “Water

Heater Setting Savings” algorithms provided in the CMP, as follows:
: \

|
Washing Machine Setting Savings, Without Water Heater Temperature Aoy'ustr;nent {(AkWhym} = ISRym X
{(CW%% o5t - CW%pre) X kW) X ISReun ,
|
Washing Machine Setting Savings, With Water Heater Temperature Adjustment (AkWhan) = ISRum X
({CW% post - CW% ) X kWhyn) — kWhgw) X 1SRewn

The assumptions for variables used in this equation are provided in Table G-6.

Tabie G-6: Washing Machine Setting Calculation Assumptions {(kWh,,.)

Parameter | Description o _ © Type | Vilue, | Source
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Parameéter | Description L i, Type | Value Soufce’

ISR . In-service Rate per Water Heater Temperature Reduction Variable | Variable Phone Surveys
Percent of Clothes Washing Loads Washed in Cold Water

CW%gom Post-participation Variable | Variable Phaone Surveys
Percent of Clothes Washing Loads Washed in Cold Water

CW e Pre-participation Variable Variable Phane Surveys
Energy Impact of Laundering in Cold Water Without

kWhga Reducing Water Heater Setting Variable | Variable Phone Surveys
Energy Impact of Laundering in Cold Water After Reducing

KWH, o Water Heater Setting Fixed 393 CMP
Energy Impact of Water Heater Temperature Reduction on

kWhe,, Clothes Washer Use Fixed 478 CMP
Iin-service Rate per Electric Water Heater Versus Other Fuel

1SR swh Water Heater Variable | Variable Phone Surveys

NOTES: ) i

The resulting savings will be applied to the population as a whole, accounting for saturation of electric
water heaters.

Unplugged Refrigerator and Freezer

Participants are encouraged to unplug their cefrigerators and freezers if they are not necessary. Surveys
determine how many months this equipment was unplugged prior to participating in the program, as
well as how many months this equipment was unplugged after participating in program; deemed values
will then be applied to the difference. The energy savings for the reduction in use of the refrigerator or
freezer is calculated by inputting the number of months the equipment was turned off, as determined
by the participant kit surveys, into the “Unplug Refrigerator and Freezer Savings” algorithm provided in
the CMP, as follows:

Refrigerator and Freezer Plug Load Savings (kWhrr) = Ruwn X (Reost— Rere) + Fiwn X (Frost = Frrs)

The assumptions for variabies used in this equation are provided in Table G-7.

Table G-7: Unplugged Refrigerator and Freezer Savings (kWhg) Calculation Assumptions

Parameter | Description Type Value Source
Riwh kWh of Refrigerator Fixed 144 CMP
Sum of Months per Year Refrigerator(s) was/were Turned Off Post-
Rpast participation Variable | Variable | Phone Surveys
Sum-of Months per Year Refrigerator(s) was/were Turned Off Pre- ‘
Rere participation Variable | variable | Phone Surveys
Fiown kWh of Freezer Fixed 144 CMPp
Sum of Months per Year Freezer(s) wasfwere Turned Off Post-
Frast participation Variable | Varigble | Phone Surveys
Sum of Months per Year Freezer(s) was/were Turned Off Pre-
Fore participation : Variable | Variable | Phone Surveys
NOTES:
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Adjust Home Temperature Settings
Participants are encouraged to reduce the heating temperature and increase t}'ie cooling temperature in
their homes. Surveys are used to determine whether or not these changes were made based on a
yes/no response, which accounts for the likelihood that participants will be unatbie to report the degree
of change accurately. ‘,
Energy savings achieved as a result of participants reducing their heating temperature settings and
raising their air-conditioning temperature settings are calculated using the following algorithm:

Home Temperature Selpoint Savings (kWhiemp) = H T X ISRyr + ACkup X ISRac
|

The assumptions for variables used in this equation are provided in Table G-8. !
i

Table G-8: Adjust Home Temperature Settings Savings (kWh,,,) Calculation Assumptions
|

. Parameter- | Desciiption ) o o type | rvalse Source
HTiwn, _7 | kwWh of Heating Temperature Reduced Fixed 16 CMP

r 1SRt In-service Rate per Heating Temperature Reduction Variable Variable Fhone Surveys
‘ACkwn kwh of Cooling Temperature Increased Fixed 16 CMP
ISRA(-; In-service Rate per Cooling Temperature Increased Variable Variable Phone Surveys
NOTES:

Behavior Savings |
This section provides the inputs and calculations used to determine energy savings for the behavior

change component of the E-Power Wise Program, !

Water Heater Energy Savings

As described in the methodology, water heater energy savings are potentially ti.vo-fold for participants
who may elect to reduce the temperature of their water heater as well reduce ;the temperature used by
their washing machine. In order to calculate savings associated with water heater setting changes and
washing machine setting changes, participants were asked guestions to:

) Verify the type of water heater: electric or other

. Verify whether clothes washing equipment is located on-site

. Determine if each participant lowered the temperature setting.on their water heater
. Verify whether clothes are laundered in cold water

. Determine the percent increase in clothes laundered in cold water

|
Table G-9 presents data that was collected to complete theicalculations designed to estimate energy
savings for this behavior change. Note that while 143 total participants were su: rveyed, the percentages
are based on the total number of participants who responded to each question, as shown in the table.

|
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Tahle G-9: Water Heater Energy Savings Variables from Survey

o Number of Installation Rate |* Assigned Variable
. Baseline or Behavior Verified Respondents {ISR). in CMP
Electric Water Heater. on.Site 137 48% ISR ayh
‘Washing Machinein Home/Unit 143 84% oW
Lowerad Water Heater Temperature ) 129 40% 1SR b
Confirmed Increase in Laundry Loads Washed'in Cold Water 143 23% 1SRym
Incréased Percentage of Laundry‘Lo'ads;Wéshéd in Cold'Water 33 40% CW%,05-CW e

NOTES:

Water Heater Setting Savings Calculation Results ]

The energy savings for the reduction in the temperature setting of the electric hot water heater
component of the water heater energy savings was calculated using the fixed variables and variables
determined by the participant kit surveys into the “Water Heater Setting Savings” algorithm provided in
the CMP, as follows:

CMP (AkWhn) = (kWhe + (kWhg X CW)) X ISR X ISReun
Verified (AkWh) = (119+ (84 X 84%)) X 40% X 48%
Total Water Heater Sefting Savings (kWhw) = 37 kWh

Total Water Heater Setting Savings (kW) = .003 kW

Demand for this savings was calculated by applying the kW/kWh ratio of water heater savings observed
in the faucet aerator calculation to the kWh savings for this behavior change.

Washing Machine Setting $avings Calculation Results
The energy savings for the washing machine settings component of the water heater energy savings was

calculated by inputting the fixed variables and variables determined by the participant kit surveys into
the “Washing Machine Setting Savings” algorithm provided in the CMP, as follows:

CMP (AkWhHam)
Without Water Heater Temperature Adjustment = ISRy, X ((CW%pest - CW%p) X kWhewal) X ISRewn

With Water Heater Temperature Adjustment = ISRum X ((CW%post - CW%pe) X kWhpew) — kWhew) X 1SRewn

Verified !Akthml
Without Water Heater Temperature Adjustment = 23% X ((40%) X 478)) X 48%

With Water Heater Temperature Adjustment = 23% X ((40%) X 393)— 84} X 48%

Washing Machine Setting Savings {kWhem}
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Without Water Heater Temperature Adjustment = 21 |

With Water Heater Temperature Adjustment = 8

i
|
|

Total Washing Machine Setting Savings (kWhym) = 29

There was no demand savings associated with this behavior change.

The total water heater energy savings for this program is presented below.

Electricity Impact (kWh) = kWh,, + KWhm

66 kWh =37kWh + 29kWh

Unplugged Refrigerator and Freezer !
The data collected for this behavior change indicates that few people engaged in this behavior. Those
who unplug their refrigerator or freezer were not able to provide enough inforr;nation to calculated

savings for this behavior change.

Adjust Home Temperature Setti

ngs

|

As described in the methodology, surveys were used to determine whether program participants

reduced the heating temperature and increased the cooling temperature in their homes. In order to

calculate savings associated with adjustments to home temperature settings, participants were asked
\

to:

. Verify whether they lowered their heating temperature
. Verify whether they raised their cooling temperature

Participants were also asked to indicate the daytime and nighttime settings for‘;this equipment, both
before and after participating in the program. This data was reviewed for potential inclusion in the
|

savings calculation; however, it had an inconsistent quality.

'

Table G-10 presents data that was collected to complete the calculations for estimating energy savings
for this behavicr change. Note that while 143 total participants were surveyed,the percentages are
based on the total numher of participants who responded to each question, asishown in the table.

Table G-10: Adjust Home Temperature Energy Savings Variables from Survey

t

Assigned:Vatiable in

Baséline of Béhavior Verified. Number.of Respondents _ Instailation Raté (ISR) chp:
Turned.Down Heating Thermostat 141 71% : ISRur
Air. Conditioner in Home/Unit 130 68% f ISReac
Turned Up Goo[vi‘n_g Thermostat: 93 v19% : - I5Rac

“NOTES:
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Energy savings achieved as a result of participants reducing their heating temperature settings and
raising their air conditioning temperature settings were calculated using the algorithm presented in the
CMP. However, a modification was made to account for the saturation of air conditioners among survey
respondents. This variable is included as 1SRgac in the CMP algorithm, as follows:

CMP (kWhtsmp) = HTwwn X (SRyr + ACuwn X ISRac X ISReac
Verified (kWheme) = 16 X 71% + 16 X 19% X 68%
Total Home Temperature Savings (kWhiemg) = 13 kWh

Total Home Temperature Savings (kWem) = .07 kW

Demand for this savings was calculated by applying the kW/kWh ratio of energy savings observed in the
TRM calculation for high-efficiency CAC replacement to the air conditioning component of the kwh
savings for this behavior change.
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|
|

Appendix H: HVAC Tune-Up Program Savings Calculations

Table H-1 lists all the HVAC units tested by the EM&V CSP. Of the 32 systems te!sted, 13 units were
serviced in PY2. Three additional units were serviced in PY2. The initial test wasjsent to FDSI; however,
these systems did not receive an incentive because the contractor did not complete the service. Three
units were serviced in PY3. The remaining 13 units were not serviced, The EM&V CSP attempted to
complete the minimum sampling requirement of 20 systems by verifying additional units in September
2011. The details of sites visited and units verified are provided in Table H-1.

Table H-1: Sites and Units Selected for Verification

' Business _ * UnitName || Model ) . Vérified Serviced? | . Service Type
15 yfd151calcaa May . PY2 Testin
. 4 \ i
Cinermark 14 yed120cdmeac May J PY2 Test in
28 yfd061cdhfbf May PY2 Tast in
29 yed037cahfbe May . PY2 Test in
pherimp tch181e400ba May ' PYZ Test in, Economy
| Test in, Reference,
) 16223 S50pgcl2abDd May | PY2 Economy
Weiler Corp Exec Office TCD-036C400A May " N
whi tcd151b400db September | | py2 Test-in, Economy
r
L vhé tcd151b400db September PY2 Test in, Economy
Bank of Amerlca:- 1952 j
MaCarthur Road PRT-1 580FPV1212248AGA May | PY3 Test in
Bank of America- 2126 1 D3CGO72N07925EBE May . No
K. H 1
MaCarthur Road 2 D3CG072NO7925EBE May L No
Bank of Amerita - 7150 2 GCS16-653-125-1Y May | No
Hamilton:Bivd 1 GCS16-653-125-2Y May | No
i T
RTU 11 1252IN24S4AZZ100018 May . No
RTU 6 J25ZIN24S4AZZ100018B May | No
Tyco Bldg 38 1 1252IN2454A72100018 September | . PY2 Test in
g J25ZIN2454A2Z7100018B September |, PY2 Testin
10 125ZIN2454A7710001B September [ . PY2 Testin
- -AMGL 7 N
Fyco Bldg. 106 ACB 200809 4555 May | [+]
. . ACL RM-010-8-0-BA02-234 May . No
RTU-1 YSCOS2E4RHACNFOC1A100000A2 May ;  No
Bon Ton Dist Center none S500P020 600 May T No
A-48 #4 48TIFO08--601AA May No
7 A8TIFODB--601AA May No
- Bon Toi Stroudsbun ted600a4dt 1b4nc1a0e0000h0000 '
- & 4 000 | September | . PY3 Economy
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' Business ) | ‘UnitName |. Model verified | Serviced? Service Type

Reference,

38ae044600 September PY3 Economy
6 48HGDL24AA-61AAB September PY2 Test in, Economy
10 S50HGDL24AA-61ABA September PY2 Test in, Economy
Lowes 1867 17 S50HG-L24AA-61ABH September PY2 Test in, Economy
Test in, Reference,

19 48HGDL16A-61AAK September PY2 Economy
20 48HGDL16A-61AAL September PY2 Test in, Economy

NOTES: N : - )

FDSI Calculation Review ~ Compressor Capacity and EER

One of the documents provided by FDSI is entitled Estimating Efficiency and Capacity for Vapor
Compression Cycle Equipment Calculation Algorithms. This document clarifies the methods used to
estimate compressor capacity and COP described in U.S, Patent No. 6,701,725, FDSI| uses a proprietary
model to develop expected values for a properly tuned system. Expected values of the performance
indices {evaporating temperature, super heat, condenser over ambient temperature, and sub-cooling)
are determined from using the system characteristics (system type, expansion device, and rated cooling
efficiency) and independent operating parameters (return air temperature, return air wet-bulb, and
outdoor temperature). Ultimately, a cooling capacity and compressor power are estimated as expected
performance values.

FDSI also estimates measured (actual} performance from compressor maps using actual contractor
measurements of the system. Obtaining these measured performance values requires only the fellowing
common and easily obtainable contractor measurements:

« Liquid or discharge pressure

« Suction pressure

s Liquid line temperature

= Suction line temperature

» Condenser air entering temperature

The expected performance and measured performance values are used to develop the efficiency index
{El} and capacity index (Cl). The developed efficiency and capacity indices are used to estimate energy
and demand savings with FDSI’s Savings Estimator software.

Generic compressor map coefficients are used to estimate both refrigerant mass flow through the
compressor and the compressor power. The EM&YV CSP reviewed the calculation methodology and
found the algorithms and logic to be sound and very rigorous. In addition to the review, analysis of a
unit with known compressor maps was selected for detailed analysis.

The Savings Estimator software simultaneously caiculates energy use and savings for all measures
performed on one system. An averview of the inputs and standard data is illustrated in Figure H-1. This
calculation methodology accounts for interactive effects when multiple measures are implemented. For
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example, if efficiency is improved due to a refrigerant charge adjustment, but the system runs less
R . . . { .
because the economizer is repaired, savings for each measure are reduced accordingly.

Figure H-1: FDSI Savings Estimator Process Diagram

FIELD DATA

i

|

\

i EScii ‘
;R (EERCT i
|

Independent Calculations
Compressor capacity was calculated using the actual compressor map coefficients from the compressor
manufacturer. The EM&V CSP measured the actual compressor power, evaporator fan power, and
condenser fan power to develop a spot EER measurement. This spot measurement was then normalized
using manufacturer’s capacity charts. These charts, found in the Microsoft Excel‘” file “HVAC TuneUp
Calcs.xlsx” were used to develop a capacity normalization factor to estimate capacuty with 95°
Fahrenheit condenser entering temperature and a 67° Fahrenheit wet bulb. The intent is to compare
measured EER to nameplate-rated EER? to independently develop an El, a main input to FDSI’s Savings
Estimator software. A Cl was developed in a similar manner. Calculations stepsiare as follows:
s Use compressor-specific coefficients to estimate mass flow through the compressor.
« Determine enthalpy of liquid and suction line.
« Calculate compressor capacity by multiplying enthalpy change by mass!flow.
e Normalize capacity with reported manufacturer data (see Figure H-2).
» Develop a Cl for comparison to FDSI's CI.*°
¢ (Calculate measured system EER by dividing compressor capacity by system power. System
power must include evaporator and condenser fans. If the system has multlple COMpressors,
adjust fan power accordingly {i.e., if the system has two circuits, use 50% of evaporator fan
power).
« Normalize measured EER to nameplate-rated EER (if detailed manufacturers data is unavailable).
» Develop an El for comparison to FDSI's reported Ei. ;
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Specific manufacturer data was used to generate Figure H-2. Multiple regression lines were developed
for variable return air wet bulb temperature and also for variable condenser entering temperature.
These values came directly from the manufacturer of the HVAC system. Details are shown in the “HVAC
TuneUp Cales.xlsx” file. The normalization is set such that nameplate-rated EER condition has a
normalization factor of 1.** The two graphs in Figure H-2 were combined to result in the surface graph
displayed as Figure H-3.

Figure H-2: Compressor Capacity Normalization Curves
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Figure H-3: Normalization Factor Profile for Unit-Specific Compressor Capacity
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* Nameplate-rated EER is the ratio of total system cooling capacity to input power at 95°Fahrenheit condenser
entering temperature and 67° Fahrenheit return air wet bulb temperature.
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EER, or capacity vs. temperature data, is not always readily available from manufacturers. Nameplate-
rated EER is almost always available. Nameplate-rated EER gives an expected pgrformance with
standard conditions. This is compared to the field-verified performance, which is normalized to the
same standard conditions. |

The purpose of independently estimating El was two-fold:

1. System performance characteristics vary based on operating conditions (indoor and outdoor
air temperatures) at the time of measurement. El should generally remain consistent. That
is to say, if a system is operating differently from expected performance, one would expect
similar deviance from expected performance with a different set of conditions. If the FOSI-
estimated El is similar to the EM&V CSP-estimated El, it is verified as being accurate.®

2. The relationship between EER and ambient conditions is readily av?ilable. Little is published
explaining the variation of El over a broad range of operating conditions. If the EM&V C5P
confirms that Et is similar for varying outdoor air temperatures and with varying return air
wet bulb temperatures, system SEER and El from a spot measurement may be used with
confidence to estimate energy savings. Additionally, El may be used to provide an accurate
estimate of savings from meter data in future studies. '

Cinemark unit #15 was selected for a detailed analysis and comparison. The ro(Ithop package unit {model
#yfd151cdlcaa) is a 12.5-ton 13 SEER, 11.3 EER two-circuit system. The compressor mapping coefficients
result in very different mass flow and estimated power measurements. The desired results of Cl and EI,
however, are similar. Table H-2 shows a summary of the detailed analysis com;‘;aring EM&V CSP to FDSI
algorithms.

Table H-2 shows that the EM&V CSP values for mass flow and compressor power are quite different
from FDS! values. If generic compressor maps are used, one would not necessarily expect the values for
mass flow and power to accurately represent the actual values. The ratios {El and Cl) are the metrics of
interest, and these are what are reported for comparison. The EM&V CSP usedlthe coefficients unique
to the actual compressor installed {Copeland Model #ZR68KC-TF5) to calculate{expected capacity based
on the measured suction and discharge dew point temperatures. Capacity was]normalized as described
above. The FDSI estimates of El and Cl, critical inputs for savings estimates, arelalso shown in the table.

*2 El is only verified for one set of conditions, because only a spot measurement is taken. The EM&V CSP
investigated El and Cl at various conditions to determine the relationship of the indices at variable temperatures of
return air wet bulb and entering condenser {outdoor).
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Table H-2; Calculation of El and Cl for Comparison

M from |
Enthalpy | Enthalpy | Comp Comp | Measured
Liquid Suction Map Comp Capacity Comp Measured | Normalized | ‘Rated
Circuit Line Line {lbs/hr) | Capacity | Normalized | C. ‘Power EER ‘EER: EER' El
EM&Y | 1 97 175 965 75,449 73,935 0.97 4,312 12,64 11.82 113 1.04
S 97 175 966 75,577 71,054 | 089 | 4,250 12.80 11.96 113 | 1.07
FDSI 1 520 1.07 2,355 11.3 1.12
2 522 0.99 2,310 11.3 1.04
NOTES: —1
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Refrigeration Cycle Savings }
Refrigerant line temperatures and pressures cannot simply be checked and compared, because these
measurements are variable with ambient conditions. The EM&YVY CSP checked system charge to calculate
and compare super heat and/or subcooling. The purpose was to identify systems that might require
charge adjustment. In most cases, the systems selected for verification matcheld the super heat and
subcooling values repoited by the contractor. For the two systems that showed significant differences,
there was no energy savings reported {(only a diagnostic test-in}. ’

|
A detailed review of El and Cl was conducted, because changes in these values significantly affect energy
savings. Distinctly, the EM&YV CSP used specific compressormap coefficients and actual power
measurements to estimate El and CI. The Service Assistant™ diagnostic tool anﬁ Savings Estimator
software use generic compressor maps to estimate compressor capacity and power; and the EM&V CSP
independently confirmed that El and Cl are consistent with the values reported by contractors using this
tool and software. ;

|
Estimation of efficiency alone does not provide savings. For comparison, the EM&YV CSP used the PUC
TRM algorithms to estimate savings. The intent was not to develop new saving:ls estimates, but rather to
compare and identify discrepancies. The following algorithms are from the PU(% TRM:

|
"S'E'E'l‘ )
Ak e = EFEHKB; ¥ x 255 paze Tl
o mb)
BRI ez .
BRW = CF x ——x ————2ase e
Ar 1966 i ,
Where:
EFLK = Equivalent full load hours
BTU/hr = Cooling capacity
CF = Coincidence factor (67% per PA PUC TRM)

Example Inputs:
605 full load hours {office: general/retail in'Scranton, PA; hour$ from PUC TRM)
10 SEER, 12.5 ton system
Pre E1 =83.1%
Post £1=90.5%
TRM savings = 893 kWh !
Savings reported to PPL Electric = 578 kwh i

Using the El to adjust nameplate-rated SEER, the TRM aigorithms generally estimate higher energy and
demand savings. This type of check was completed for all verified systems reporting energy savings from
refrigerant adjustment. Note that the run time hours estimated by the Service Assistant™ diagnostic

\
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tool are actual hours the compressor runs (with variable capacity and power), and the hours in the

algorithm above are EFLH.

In addition to refrigeration cycle analysis, the EM&V CSP collected information to confirm all other
inputs used to estimate energy savings. For every unit verified, the information reported to PPL Electric
that might affect savings estimates was either verified, confirmed reasonable, or noted if different. All
inputs collected by contractors and the findings verified in the field by the EM&V CSP are summarized in

Table H-3.

Table H-3: Verified Inputs

Measure

Réported Elements

EMB&V CSP Verification Comments

Building information

Contractor chose building type

Verified building type and verified operation strategy
{were reasonable hours used?).

Egquipment type [make,
model, serial- number}

Contractor input unit information
including site-specific unit number

All information confirmed accurate.

High side port [ocation

Contractor input location (liquid er
discharge)

One incorrect location recorded, negligible effect on
Savings.

Expansion device type

Contractor recorded expansion
device type from visual inspection

All expansion device types accurately recorded.

Refrigerant type

Contractor recorded refrigerant

type

All refrigerant types recorded correctly.

Refrigerant -pressure and
temperatures

Contractor recorded
measurements after 15 minute run
time

Took measurements to compare super heat and/or sub-
cooling values. Some variation occurred, as expected.
Measurements also feed into advanced algorithms
which were reviewed in detail. No verified change in
savings found.

Return air wet-bulb
temperature

Contractor recorded
measurements

Reviewed contractor measurements for
reasonableness. Recorded wet-bulb temperature for
use in independent savings estimate.

Fan configuration and mode

Contractor recorded configuration
and mode {auto or on}

Configuration recorded correctly. Mode information
accurate or N/A because an EMS controlled thermostat
is used.

Capacity

Contractor input capacity from
nameplate model number

All inputs correct.

SEER and EER

Contracter input, if known

Many fields missing, but there was no change to
verified savings.

Economizer details (control
type, settings, and strategy)

Contractor input specific details of
economizer

verified correct sensor type, positian, configuration,
etc.

Zone occupancy

Contractor input zone type

Records missing, set to default.

Thermostat type and details
{Programming and:set points)

Contractor input temperature set
points and HOU

No set points were confirmed from verification for
thermostat measure. Four systems were confirmed
from diagnostic test of recorded set points.

Ventilation control strategy

Contractor recorded contro! of
outside air intake

Twa systems listed as DCV; unable to confirm.

NOTES:
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|
Economizer Savings
Verification of proper economizer function is not possible from a single site visit. Where an economizer
was present, the EM&V CSP recorded the economizer details and tested its functionality. Verification of

contractor-reported inputs was achieved using the following methods: ,
|
|

* Test economizer functionality by cycling through the system test modeijto verify operation of
damper motors and linkages. :

* Where possible, cool the outdoor air temperature sensor with a wet sock or ice pack to test
control and temperature sensor functionality. :

Of the systems verified, eight had economizers; all of which received an economizer functionality test.
The contractors recorded correct economizer type for all eight systems. To verify economizer savings,
the EM&YV C5P reviewed all savings estimates. The savings reported an average’of approximately 3% of
total energy use.

Two systems reported economizer savings of 10.8% and 19.4%, one of which héppened to be verified in
the random sample. A detailed analysis was conducted to verify savings of this system: a 15 ton, 13 SEER
rooftop package unit at a manufacturing facility. The EM&V'CSP verified that an economizer was present
but not functional. The EM&V CSP estimated economizer energy savings using Honeywell's Savings
Estimator program version 4.2. Building and zone information and operating st;rategy settings were
inputs to the Honeywell program. The economizer strategies used in Honeywell’s Savings Estimator
software assume continuous ventilation based on the design peak occupancy alnd ASHRAE Standard
62.1-2007 for minimum outdoor air settings. This program estimates that the e{nergy savings with the
use of a differential enthalpy sensor is nearly 10%. Similarly: FDSI estimates energy savings at 10.8% for
this system. '

Very conservative estimates were used to predict economizer savings for this unit. The EM&V CSP
confirmed the following: |
1. Reasonable assumptions were input for this system. |
2. Default values used are reascnable for this system.
3. FDSI's Savings Estimator estimated reasonable energy savings for economizer savings.
|
\
Thermostat Savings
The thermostat type, set points, and schedule were collected by the EM&V CSP. The purpose of
collecting this information was to compare data reported by contractors. Contr!actors did not report
thermostat measure savings for any of the systems verified in the field. Set points and thermostat type
were, however, collected and used as inputs to the Savings Estimator software! The Savings Estimator
calculated runtime based on thermostat hours. If no thermostat hours were entered, default thermostat
settings were based on building type. For example, office building hours are set from 8:00 a.m. to 5:00
p.m. The compressor runtime hours used were reviewed for each system verified. The hours were
confirmed as reasonable given the building type. |

I PPL Electric | Page 198



11/15/2011 |Quarterly Report to the PA PUC

Appendix I: Additional Home Assessment & Weatherization Program
Impact Analysis

The EM&Y CSP conducted a QA/QC records review of the Home Assessment & Weatherization
Program’s PY2 records. The purpose of the records review was to verify the accuracy of data entry, the
measures installed, and the measure quantity recorded. The Home Assessment & Weatherization
Program claims savings for each direct instailation measure installed.

An review of the PYZ participant data revealed that 13 records contained vaiues in the “Quantity” field
that were outside the number of direct installation measures allowed by the program; six of these
records occurred in Q2 and two occurred in Q3. The eight records from the Q2 and 3 data were
automatically selected for the records review. The rest of the sample points for each stratum were
selected via simple random sampling.

The EM&Y CSP reviewed the implementation CSP’s (EIC's) program tracking database and copies of the
survey/audit form filled out for each participant by the surveyor or auditor. Because savings for survey
and audit participants are deemed per measure for each of the direct install measures available, the
EM&V CSP focused its review on whether the measures and measure guantities recorded on the
survey/audit form were recorded accurately in EEMIS and in EIC’s program tracking database.

Additionally, because inaccurate recording of recommended measures in EEMIS will result in rejections
of customer bonus rebate applications, the EM&Y CSP also reviewed the measures recommended on
the survey/audit form to determine if that information had been transferred accurately to EIC's program
tracking database and to EEMIS.

Finally, the EM&V CSP reviewed customer contact information for data transfer accuracy.

The EM&V CSP found the following discrepancies and reviewed them with PPL Electric. Some
discrepancies may be data entry errors. PPL Electric reviewed the QA/QC report and recommendations.

e In 15 of 25 records, the measure quantities in EEMIS and EIC’s program tracking database did
not match the quantity recorded on the survey/audit form.

e Inthree of the 25 records, the measure quantities recorded on the survey/audit form match the
information recorded in EEMIS but did not match the information recorded in EIC's program
tracking database,

s In 12 of 25 records, the measure recommendation on the form match EIC’s database but does
not match the value recorded in EEMIS.

* Inseven of 25 records, the measure recommendation on the form matches the value recorded
in EEMIS, but the recommendation recorded in the EIC database is different.

s Inthree of 25 records, the customer name or street address on the survey/audit form does not
match what is recorded in EIC’s program tracking database or EEMIS.
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As stated in the Residential Energy Assessment & Weatherization (previcus program name) section of
the Annual Report, the EM&YV CSP noted measure guantities for CFLs and smart power strips outside the
limits of the program design. The EM&V CSP then reviewed the measure quantities for the entire
population of participants to determine the total number of units installed outside the program
limitations. Four accounts recorded the installation of eight CFLs; one of these tT)ccurred in the PY3 data,
and the EM&V CSP verified that the measure quantity of eight is correct duringthe records review and
the phone survey.

Nine accounts recorded installation of more than one smart power strip. Two accounts recorded
installation of two smart power strips; one of these accounts was included in the records review and the
EM&Y CSP verified the measure quantity of twe is correct. The remaining seven accounts (recording
installation of more than one smart power strip) recorded values of four, six, 10, and 12 smart power
strips. All but one of these seven accounts occurred in the Q2 and Q3 data, and?were audited in the
records review. The EM&V CSP found the smart power strip measure quantities for these six accounts to
be in error. {The recorded value represented the installed feet of pipe msulatlon and was recorded in
the wrong field.) In all cases, the verified quantity was one.

Because values of eight CFLs and two smart power strips were verified in the records review and phone
survey, measure quantities for these records were not adjusted. Measure quan:tities for accounts
recording installation of smart power strips greater than two were adjusted to reflect the verified
quantity of one. The EM&YV CSP also made adjustments for verified measure quantities where the value
recorded in EEMIS was found to be in error.

Finally, the EM&V CSP noted six account numbers with multiple record sets in the PY2 data. Three of the
six accounts contained information for different addresses and surveys/audits. The EM&V CSP made no
adjustment to the measure counts for these three accounts, as they represented separate events. Two
accounts had both a survey and an audit. Because PPL Electric can only claim savings for one survey or
audit per home, the EM&V CSP adjusted the measure counts for these two accounts to reflect only
those installed during the audit. Finally, one record contained duplicate information for a
comprehensive audit at the same home. The EM&V CSP adjusted the audit and measure counts to
remove this duplicate information.
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Appendix J: Additional Energy Efficient Behavior & Education Program
Impact Analysis

Data Development

A requirement for eligibility in the Energy Efficient Behavior & Education Program was a complete billing
history, and the monthly hilling data provided by OPOWER were relatively clean. However, the EM&V
CSP performed some additional data cleaning for the billing analysis. First, we dropped customers
whose accounts became inactive or who did not have a complete pre-treatment or treatment period
billing history. This resulted in a balanced panel of 44,650 treatment group customers and 44,741
control group customers in the estimation sample. We performed a probit analysis of inclusion in the
estimation sample and found that inclusion was not significantly correlated with any observable
customer characteristics, including annual consumption, report frequency, and metropolitan area. This
suggests that customers excluded from the estimation sample were similar to those in the estimation
sample.

The EM&Y CSP calculated the heating degree days and cooling degree days (base of 65 degrees) for each
customer bill and merged them onto the billing data. In the billing analysis, the first bill in each year was
issued in January, the second bilf was issued in February, etc. Unless the billing cycle exactly coincided
with a calendar month, a bill included consumption from some days in the preceding month. This
means, for example, that consumption for an April bill had the highest probability of occurring around
April 1 of that month. If billing cycles are uniformly distributed over days of the month, April 1 is
included in the largest number of bills, March 31 and April 2 are included in the second largest number
of bills, and March 30 and April 3 are included in the third largest number of bills, and so on.

Model Specification
The EM&V CSP employed a non-parametric, difference-in-differences regression model of monthiy
energy consumption with customer home fixed effects to estimate the energy savings program impacts.
The average daily electricity (kWh) consumption (ADC) of home ‘i’ in month “t’ is given by:

ADG, = ot + By POSTy+ B, PROGRAM,, x POSTyy + iy + £ (Equation 11)

where:

o = Home intercept correspanding to non-weather sensitive average daily
consumption.

POST = Indicator variable for whether the period is pre- or post-treatment (this
variable is defined with a one month lag to allow time for the home to
implement energy savings measures. A lag that was not accounted for
would depress the coefficient on ;).

PROGRAM = An indicator variable for program participation (= 1 if in treatment

group; = 0 otherwise).
Heny = Month-by-year fixed effects intended to capture weather and other
effects on consumption specific to the month {this specification
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assumes that all control and treatment group customers were sampled
from the same area and experienced the samejweather. If this
assumption does not hold, the model would substitute location-specific
monthly weather variables for the month—by—yéar fixed effects).

En Error term for customer ‘i’ in month ‘t. T

B1 Coefficient representing the impact of factors affecting the
consumption of all customers between the prei-treatment and
treatment periods,

B, - Coefficient representing the conditional average treatment effect of the
program (the kWh savings impact}, controlling for changes in participant
usage unrelated to the program. ,

The assumptions necessary to identify the program impacts are: {1) membership in the treatment and
control groups is unrelated to energy use, conditional on month-by-year (weather) and customer fixed
effects; and (2) conditional participant and non-participant consumption follows parallel trends over the
estimation period. The experimental design of the program with measurements on consumption before
and after the program should ensure that both assumptions are satisfied. |

In this framework, it is possible to measure heterogeneous treatment effects by including interaction
terms between POST x PROGRAM and observable customer characteristics. For; example, the following
specification would be used to estimate how savings evolve in the post-treatment period and the
persistence of savings in homes in the second year of the program: |
|
ADC; = &; + Bg PROGRAM; + By POSTi+ Epmp”Bap POST x POSTMONTH + B2 PROGRAM, x POST,;, #
Zo2 B2p PROGRAM;, x POSTx x POSTMONTH ¢ + Moy + Eipt (Equgtion 12)

Where:
p = Indexesthe menth number in the post-period for a building, (p=1, 2, ...).
|
In this framework, the average savings of the initiative on homes in month ‘p’ in the post period equals:
Average monthly savings in post-period month 1= f;

Average monthly savings in post-period month p = 8, + B3, , forlp =2 to P.

Treatment Effects by Metropolitan Area |
In PY2, the Energy Efficient Behavior & Education Program targeted residential customers in four
metropolitan areas: Allentown, Harrisburg, Scranton, and Williamsport. Table i:1 shows the conditional
average treatment effect of the program in each metro area for two different model specifications: one
including month-by-year fixed effects and the other using polyncmials in cooling degree days and
heating degree days. i

|
The program effects were estimated by interacting metro area indicator varia b;les with the POST x
PROGRAM interaction variable in Equation J1. The largest demand reductions were achieved in
Allentown and Williamsport. The effect of the program in Allentown was to reduce average daily

consumption by 0.79 kWh, or 1.5%. The effect in Williamsport was to reduce average daily consumption
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by -0.89 kWh, or 1.7%. However, because the metro program impacts are estimated somewhat
imprecisely, none of the differences between metro areas is statistically significant at the 5% level.

Table J-1: Conditional Average Program Treatment Effects by Metro Area {(kWh}

Specification Allentown Harrisburg Scranton Williamsport
-0.791 -0.618 -0.655 -(.888
Customer fixed effects, month-by-year fixed effects {0.108) {0.076} (0.299) (0.238)
] -0.789 -0.619 -0.668 -0.890
Customer fixed effects, weather polynomial {0.108) {0.076) (0.299} (0.238)
N 815,907 1,453,303 157,918 161,099
NOTES:

The dependent variable'is average daily consumption. Standard errors areshown in parentheses, Models estimated by OLS and standard'errors
adjusted for clustering at the customer level. _

Treatment Effects by Decile

Figure J-1 shows how the program treatment effects varied by annual consumption in the pre-treatment
period. Each program home was assigned to a consumption decile based on its total consumption in the
year before the program. In Equation J1 with custamer fixed effects and degree days, the POST x
PROGRAM variable was interacted with indicators for the consumption decile. It was expected that high
consumption homes would have more opportunity to reduce their consumption, and would therefore
experience larger kWh reductions in response to the treatment. Furthermore, researchers have
hypothesized that some low consumption homes may view information about their consumption as a
license to increase their consumption, also known as the boomerang effect.*

Figure J-1: Conditional Average Treatment Effects by Pre-treatment Consumption Decile

0 1 2 3 Gpnsumptiop Decl)le 8 9 10
000 .l_ ; T [] T T T 13 T 1
‘0‘270-0.30. - T -
-0.50 = 098 047053
- _ ® 066 -0.52 @ 0.74
-1.00 = _0_991
-1.50
® -169
-2.00
® Treatment effect —UB35%CI — LB 35%CI
-2.50

* Allcott, Hunt. Social Norms and Energy Conservation. Journal of Public Economics, forthcoming.
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As hypothesized, Figure J-1 shows an increasing relationship between pre-treatment consumption and
program savings impacts. The savings impacts trend upward with consumption, from 0.27 kWh {0.9% of
average daily consumption} in the first decile to 1.7 kWh (1.8%} in the top decile, though the point
estimates of the treatment effects do not increase manotonically. Also, there isjno evidence of a
boomerang effect. Households in the lowest consumption decites not only did not increase their
consumption in response to the Home Energy Reports, they reduced their consumption by a small
amount. The absence of a boomerang effect in PPL Electric’s service territory is consistent with a similar
finding for six other utility service territories.

Treatment Effects by Report Frequency |
In PY2, participants received Home Energy Reports on one of three schedules: bi-monthly, seasonal 1,
and seasonal 2. Bi-monthly customers received a report every two months for a total of six during PYZ2;
seasonal 1 customers received reports during the summer cooling and winter heating months plus one
in the first month of the program for-a total of seven; and seasonal 2 customers received reports during
the summer cooling and winter heating months and one in each of the shoulder months (April and
October) for a total of eight. It was hypothesized that savings would increase with the total number of
reports and the frequency of reports during peak cooling and heating months. Thus, seasonal 2 is
expected to generate the greatest savings.

|
Table J-2 shows the conditional average treatment effects by report frequency. All of the report
frequencies generated statistically significant savings. As hypothesized, seasonal 2 resulted in the largest
average savings of 0.75 kWh per home per day. The bi-monthly schedule had the next largest savings
with 0.72 kWh. Homes on the seasonal 1 schedule had average daily savings of!
0.1 kWh {or annual savings of 35 kWh)} less than homes on the bi-monthly or seasonal 2 schedules. None
of the reported frequency savings estimates are statistically different from onejanother.

Table J-2: Conditional Average Program Treatment Effects by Report Frequency

Report Frequency ' Treatment Effect
-0.716
Bi-manthly !
(0.086) ‘
-0.603
Seasgnal 1
{0.084)
I
-0.750
Seasonal 2
{0.083)
NOTES: ' '
The dependent variable'is the average daily, consumpticn. The model
included customer fixed effects, post-program and program variables,
and a polynomial in heating and cooling degree days. Standard errors
arein parentheses. The models were estimated by OLS, and standard
errors were adjusted for by clustering at the customer level: -

* |bid, Allcott.
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Appendix K: Energy Efficiency Behavior & Education Program Savings
Counted in Other PPL Electric Energy Efficiency Programs

The Energy Efficiency Behavior & Education Program savings reflect both behavioral changes, such as
turning off lights in unoccupied rooms and adjusting thermostat settings, as well as investments in
energy savings equipment, such as in high-efficiency furnaces and CFLs. Savings from measures that
were rebated through PPL Electric’s energy efficiency programs will be counted in the Energy Efficiency
Behavior & Education Program and in the rebate programs: thus being double counted. In this section,
we estimate the amount of Energy Efficiency Behavior & Education Program savings that were counted
in other PPL Electric rebate programs.

The amount of savings overlap is relatively straightforward to calculate because of the experimental
design of the Energy Efficiency Behavior & Education Program. To iflustrate, suppose that there are an
equal number of customers in the treatment and control groups and that information exists about the
installation of Measure A, which is promoted by the utility, for both groups. Customers in the treatment
and controi groups are assumed to receive the same treatment from the utility for the program
promoting Measure A (i.e., they face the same marketing and incentives). Because customers were
randomly assigned to the treatment and control groups, any difference between the groups in the
installation of Measure A can be attributed to the behavioral program. If the difference is Anaand the
per-unit deemed savings are s,, then the amount of savings counted by the Energy Efficiency Behavior &
Education Program and the other utility program would be Ang* s,.

Downstream Rebate Programs

For measures promoted by utility programs and tracked at the customer levei, the amount of savings
overlap was estimated by matching Energy Efficiency Behavior & Education Program treatment and
control group customers in the estimation sample (described above) to the PY2 energy efficiency
program participation data in EEMIS. Next, the difference between treatment and control group
customers in PY2 rebated savings were calculated and the difference was divided by the number of
treatment group customers in the estimation sample. The result was an estimate of average Energy
Efficiency Behavior & Education Program participant savings that were counted in other PPL Electric
programs. Finally, the participant savings were multiplied by the number of PY2 Energy Efficiency
Behavior & Education Program participants {50,000) to estimate Energy Efficiency Behavior & Education
Program savings counted in PPL Electric downstream rebate programs.

Table K-1 shows the Energy Efficiency Behavior & Education Program savings counted in each PPL
Electric rebate program and the total for all rebate programs. Treatment and control group customers
participated in seven downstream rebate programs in PY2. The Appliance Recycling and Home
Assessment & Weatherization programs accounted for most of the savings. For example, the Energy
Efficiency Behavior & Education Program resulted in approximately 6 kWh of annual savings per home
from measures rebated through the Appliance Recycling Program. The Renewable Energy and Low-
Income WRAP programs offset these impacts. Controf group customers experienced higher savings in
these programs than treatment group customers.
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Table K-1: Behavioral and Education Program Savings Counted in Downstream Rebate Progran}s

BPL Electric customers who received:Home Energy Reports in PY2..

) . PY2
* Différence Savings
Treatinént Groip Control:Grolip: | {Treatment—Cuntrol) ) Ovetap
T ee | | pa | Per Per
] " Home Ex ) Home Ex quge_ Ex Home
Expost | post Ex post post, -Ex post post Net Net. Net
. . Savings Savings Savings Sa_Viqgsi - Savings Saving§. ~Savin_g_s Savings Savings,
 Program (MWh/vr) (kWh/yr]-|; (MWh/ye) | (KWh/yr) | (MWh/y?) | (KWhyr} | (MWE/Yr) | (kWhiyi] | (MWh/yr)
Appliance Recycling: 1,286.3 29 1,026.6 23 259.8 l6 157.8 3.6 159.0

' Home Assessment & !

Weatherization 407.5 9.1 148.7 3.3 258.9 5.8 157.2 3.5 157.4
E-Power Wise . 19.7 0.4 30.8 0.7 (11.2) (6.2) {11.2) {0.2) {11.1)

" Efficient Equipment ) '

Incentive 1,509.2 33.8 1,506.3 33.7 30 0.1 1.8 0.1 3.7
Efficient Equipment ‘ '
incéntive (C&I lighting) | - - 11.1 .2 {11.1) (0.2) (6.8} (0.2} (6.8)

. Rehéwable Energy 109.1 2.4 184.6 4.1 {75.5) (1.7) (45.9) (1.0) (45.7)
Low-Income WRAP | 1s3.0 3.4 187.6 42 {34.6) (0.8) (34.5) {0.8) (34.2)
Total 3,485 78.0 3,096 69.2 389 8.9 218 5.0 222.4

NOTES: —— - e — ; —_

Ex post savings are £YZ verified gross savings from £EMIS and pertain.to treatment and control group customers in:the estimation sample. Net-savings are ex.
post savings, multiplied by program NTG. PY2 net savings overlap was obtained by multiplying the differefce in per-home net kwh savings by the number of

|

The total amount of Energy Efficiency Behavior & Education Program savings counted in other PPL
Electric downstream rebate programs was 222 MWh/yr. This represents 1.7% of PY2 Energy Efficiency
Behavior & Education Program savings.

Upstream Rebate Programs (CFLs) |

The CFL Campaign does not track participation at the customer level, so it was not possible to estimate
the overlap of Energy Efficiency Behavior & Education Program savings and the!CFL Campaign savings by
matching treatment and control group customers to lighting measures in EEMIS. The EM&V CSP
attempted to survey Energy Efficiency Behavior & Education Program participants and non-participants
about their CFL purchases to estimate the amount of Energy Efficiency Behavior & Education Program
savings that were counted in the CFL Campaign. However, the EM&V CSP was ynable to estimate the
CFL savings overlap using this approach because the Energy Efficiency Behavior, & Education Program
and the CFL Campaign customer surveys vielded contradictory results and could not be used together.
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Appendix L: Sampling

Introduction

In November 2010, the SWE provided the EM&V CSP with Sampling Resolutions, a set of guidelines that
established revised and refined sampling protocols for Act 129 programs. Guidelines were refined by the
SWE in February 2011, The sampling plans were revised that were initially discussed in the individual
program evaluation plans submitted te, and approved by, the SWE. This appendix reviews the updated
sampling plans and verification activities for PPL Electric’s Act 129 programs. The revisions bring PPL
Electric sampling plans into alignment with the SWE directives, and still exceed the SWE sampling
guidelines.

SWE’s sampling guidelines direct revisions to the existing sampling plans according to five primary
instructions. These are;

90/10 for Residential Portfolio

90/10 for Nonresidential Portfolio

85/15 for each program within each portfolic

GNI sector populations should be treated as independent program populations (and sampled at
85/15]) if their contribution to the respective sector level portfolios is >20%

5. All confidence and precision levels are minimum. £DC evaluators are encouraged to exceed
minimum requirements

oW e

PPL Electric Programs

There are 14 programs in PPL Electric’s portfolio that were approved in the EE&C Plan. Each of the
programs is in various stages of development and implementation. Of these, 10 programs claimed
savings in PYZ. The portfolio includes a number of programs that serve multiple sectors. Other programs
will launch and claim savings in fater quarters, including two programs expressly targeting demand
reduction that will claim savings in 2012 (PY3). Two of the approved programs will not be launched.

Evaluation activities and measure verification included records review, participant surveys, site visits,
and metering. The records reviews also played a primary role in QA/QC. Where metering was
conducted, the sample was nested within site visits. Site visits, by their nature, included records review.
Table L-1 shows the evaluation activities for each of the programs that claimed savings in PY2.
Nonparticipant surveys were conducted for fwo programs to collect information for the net savings
adjustments,

Table L-1: PY2 Evaluation Activities

‘Records | Participant | Non-participant | Site .
I - - ! N - -
Program Sector Review Surveys | Surveys | Visits' |, Metering_
Primarily
Appliance Recycling Residential X X X
CFL Campaign Residential X X X
Energy Efficient Behavior & Education Residential
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; Records | Participant | Nén-Barticipant | ‘Site
Program o . i Séctor. . Review Surveys | Surveys | Visits' | Metering
Residential X X ‘w
Efficient Eqliipment lacentive 7 Commercial X X | X lighting
Home Assessment & Weatherization Residential X X I
' Residential, '
Renewable Energy . GNI X X . X
Low-Ificome;WRAP Residential X !
E-Power Wise Residential X !
- - - ° ° :'
HVAC Tune-Up Commercial ) ‘
~Custom Incentive Commercial X
“NOTES! ' i o o

Sample Size Specifications !
For purposes of defining sample sizes according to the SWE's Sampling Resolutions, each sector was
considered first, and each program within the sector considered second. Samp{e sizes by program meet
or exceed rigor levels designed for 85% confidence and 15% precision (85/15). Generally, sample sizes
meeting 85/15 are maximized at 20-25 sample points (using 0.5 coefficient of variation). Samples in the
following tables either met or were rounded up to meet or exceed this target. |

|
Verification samples meet ar exceed required rigor levels of 80/10 far each sector, including residential,
low-income, nonresidential, and GNI. Generally, sample sizes meeting 90/10 are maximized at 68-70
sample points {using 0.5 coefficient of variation). '

[
Initial sample sizes were derived using PY2 Q1 and Q2 participation. Samples were updated each quarter
to adjust the measure mix or to pro-rate by measure or sector, as appropriate for the program and
sector. Final verification samples were revised in Q4 considering participation ip all measure groups.
Target Sample by Program |
Sampling was determined during the PY1 evaluation planning process. The original sample targets were
designed to meet 90% confidence and 10% precision. In several programs, verificatign activities were
designed to meet these targets each quarter. However, sampling was restructured during PY2, in
accordance to the SWE Guidance Memo issued in November 2010 and revised in February 2011. At that
time, verification for two quarters was complete or near complete. To sample participants across all
guarters, addition verification activities were conducted. For nearly all progra rrfas, sampling targets and
the final samples exceeded the SWE requirements. Table L-2 outlines the sampling strategy by program.
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Table 1-3: PY2 Participant Definition by Program

=

. Program;

| Participant Définition

Cantherebe-
more than one

Job:Number? |

Sample Defined By

Appliance Recyciing

CSP Job Number {unigue rebates).

Yes

CSP Job Number

Number of CFLs discounted by the program.divided by the
average number of bulbs purchased determined through

NA; upstfeam

E-Power Wise:

CFL Campaign surveys. discount Survey responses
Energy.Efficiency |
Béhavior & Education. | Household (unique account number). No| Account number
Efficient Equipment | CSP Job Number,
Incentive: - - €SP Job Number {unique rebate application). Yes| account number
' ! Project determined by
Efficierit Elj'uipment Project {unique account number; multiple measures per | CSP Joh Number and
Incentive (lighting) project submitted on the same rebate form/Appendix C}. Yes| account number
CSP Job Number (unigue rebate application) by type of ‘
energy assessment (survey, audit all electric, audit CAC ‘
Home'Assessment & | only). Multiple measures can be recommended per f CSP Job Number,
Weatherization assessment. Yes! account number
Renewable Energy __ | CSP Job Number {one location per number) Yesli CSP Job Number
Household {unigque account number): 1 CSP Job Number. :
Savings were deemed by job type regardless of the ‘ Account number, CSP
Low-Income WRAP number of measures installed. NoJ Job Number
’ Househeld (unigue account number); 1 per CSP Job :
Number. The Home Energy Kit includes multiple measures, | Account number, CSP
but there is one kit per household. Nol Job Number

Individual rooftop units that received some type of
incentive. In seme cases this includes only diagnostic test-

1

No, but multiple

Custom Incentive

Project.

in (determined using account number, site ID, unit ID}. CSP Jclab Account number, Site
Mutltiple rooftop-units per account number/address. Not Numbers per D, Unit ID, CSP Job
HVAC Tune-Up. all units received the same services/measures. rooftopiunit Number
Yes Project Job number

- NOTES:

£
i
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Table L-4: PY2 Participation and EM&V Activity Summary

Participation Participant Nonparticipant Site
Program Sectors Population Records Review ‘Surveys ‘Surveys Visits Metering
Appliance Recycling Residential 13,083 Census 142 134
CFL Campaign Residential All custamers Census - 282
Energy Efficiency Behavior & Education Residential 50,000 Census 320
Efficient Equipment incentive Residential 113,747 222 224 3
Home Assessment & Weatherization Residential 1,288 25 68
Renewahle Energy Residential 1,248 131 111 93

Census for duplicates
Low-Income WRAP Residential 4,415 45in-depth
Census database 143 phone

E-Power Wise Residential 3,995 140 enrollment forms 851 mail-in
Renewable Energy GNI 84 71 7 20
Efficiant Equipment Incentive {non-lighting) | Nonresidential 2,917 549 99 72

1,996 (unique 42 process, NTG
Efficient Equipment Incentive {lighting) Nenresidential | job numbers) i79 74 verification 100 20

32 (spot
HVAC Tune-Up Commercial 300 13 10 contractors 10 metering)
Commercial & 42 large projects 42 large

Custom Incentive Industrial 54 6 small projects 20 6 small 35

NOTES:
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The sampling strategy for each program is discussed below. ;

Anpliance Recycling |

The records review included a census of participants in the EEMIS database. Altogether, records were
verified for 13,083 unique CSP Job Numbers (i.e., unique rebates). The CSP Job Number is tied to the
rebate applications; a rebate can include more than one appliance. Participant surveys were fielded
twice, each targeting a sample of 70 respondents and meeting 90/10 criteria foj’ confidence and
precision. Nonparticipant surveys were used to determine the net savings and part-use factor. Note that
the sample sizes exceeded the SWE's requirements for sampling to meet 85/15!by program.

CFL Campaign

The telephone survey sample frame was developed from PPL Electric’s customer database. To ensure
that the telephone survey would provide useful results for both participants and nonparticipants while
staying within a reasonable budget, the survey was conducted using the maximum and minimum target
numbers for completed interviews. The EM&YV CSP completed surveys with 284 customer respondents
in PY2 (106 respondents in PY2 Q1 and 178 respondents in PY2 Q3) out of the 1.2 million total PPL
Electric residential customers. The PY2 survey efforts achieved 90/S levels of confidence/precision.

Energy Efficiency Behavior & Education |

A survey of 320 customers receiving Home Energy Reports during the program year was conducted via
telephone in February 2011 and will be conducted annually. The sample was stratified by metropolitan
area. The sample strata were sufficiently large to achieve and exceed the requir;ed levels of statistical
confidence and precision. The sample exceeded 90% confidence with 5% precision.

In this program, savings were determined using a billing analysis, including all 50,000 participants and a
comparison group of 50,000 non-participant households. The difference-in—diff‘:c:rences approach met
the 95% confidence interval. I

Home Assessment & Weatherization

The EM&V CSP drew a random sample to meet specifications of the SWE's revised sampling
requirements in Guidance Memo 0003. The EM&V CSP conducted telephone sdrveys of 68 randomly
selected customers participating in PY2. The sample was pro-rated by partu:lpatlon in the walk-through
surveys (80%} and the comprehensive audit {20%). :

A sample of 25 records (meeting 85/15 sampling criteria) were selected and ve}ified through a records
review of the documentation. Records were stratified by audit type: walk-through survey (EEMIS
measure code PEU), comprehensive audit of all electric items {(measure code PEY1), and comprehensive
audit of CAC only (measure code PEY2). The EM&YV CSP selected half of the samiple points from records
that had walk-through surveys. Six comprehensive audits were verified, includipg three all-electric and
three CAC only.

Low-income WRAP
In PY2, 45 records were reviewed. Records were stratified by job type {baseload, low-cost, and fuli-cost)
and sorted by the number of measures installed within each stratum. The sample points per quarter
were distributed evenly across the three strata, with the extra sample point assigned to the full-cost

I

|
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stratum. For each case type, the record with the greatest number of measures was selected and the
remaining sample points were selected via a simple random sample for verification through a desk
review. The final sample size of 45 meets the sampling specification in the SWE Guidance Memo 0003
(i.e., 90/10 in the low-income sector).

E-Power Wise

The EM&V CSP reviewed all of the program’s enrollment records to ensure that records were traceable
from the implementation contractor’s database to the PPL Electric EEMIS database, and to verify that
the program was counting only one kit per househoid. This review captured duplications across program
quarters.

The EM&V CSP conducted a QA/QC review of a random sample of 140 participant enrollment forms (70
in PY2 Q1 and 70 in PY2 Q3}. The sample size met 90% confidence and 10% precision each quarter.
Together with the Low-income WRAP Program, the sampling exceeded requirements for 90/10 in the
iow-income sector.

To verify measure installation and behavior changes associated with the program, the EM&V C5P
conducted telephone surveys with a stratified random sample of 73 participants who returned the
written survey distributed with the kits and 70 participanis who did not return the written survey.
Additionally, the census of participant kit surveys {851 total} that were returned by participants were
included in the analysis. However, once duplicate and bad records were removed, the total number of
surveys included in the analysis was 842.

Efficient Equipment Incentive

The Efficient Equipment Incentive Program was open to all sectors. For sampling, two sectors were
identified: residential and nonresidential. The GNI participants did not meet 20% of the program’s total
program savings. Therefore, they were not considered as an independent sector in this program but
were included in the nonresidential sector.

There were over 400 measures rebated and installed through the Efficient Equipment Incentive
Program. Because of the large variation in ex ante savings across measures, measure groups were
defined and stratified by large, medium, and small ex ante savings.

Nonresidential Sector

The final measure groups for the Efficient Equipment Incentive Program’s nonresidential participants are
shown in Table L-5. Lighting measures clearly comprised the largest measure group and were treated as
the large stratum. The medium stratum included the motors and refrigeration measure groups. The
small stratum included HVAC measures, residential appliances, office equipment, and miscellaneous
measures.

Table L-5:PY2 Efficient Equipment Incentive Program Nonresidential Strata

Percent of Ex ante
Stratum Stratum Definition Savings Measure Groups-Included

Large Top measure 87% Lighting
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|
i
1
|
i

|
I
I
|
=
i

. . ‘Percenit of Ex oiite -
- Stratum _Stratum Définition | Savings: .. Measure Groups included
Medium: Next 10% 10% Refrigeration and motors
“Small Last 10% 10% Al others: HVAC, appliances, office equip, other
| NOTES? i K ’ ’

Since lighting measures were included in the large stratum and exhibited a Iarg:e variability in the range
of ex ante savings reported, this stratum was again separated into large, mediu;m, and small stratum.
The sample was re-examined each quarter, and the samples were re-drawn according to the strategy
shown in Table L-6. That is, the large stratum consisted of the projects with the'top 50% of reported ex
ante savings, the medium stratum included projects with the next 30% of savings, and the small stratum
included projects with the last 20% of savings. Therefore, the range of kWh savings in each stratum
could change each quarter, depending on the projects that were processed ancli recorded in EEMIS each

quarter.

In Q1, 37 site visits were conducted, along with telephone interviews for 29 projects primarily meant for
developing the data needed for ex ante and ex post adjustments. In Q1, a totallof 56 projects were
reviewed out of the population of 104 completed projects. :

Verification activity for the nonresidential lighting participants is shown in Table L-6. Site visits, by their
nature, included records review and verification. In Q1, there were a number of startup issues
associated with rebate forms, Appendix C, and EEMIS, so that traditional sampling was not employed.

Table L-6.PY2 Efficient Equipment Incentive Program Nonresidential Stratum

|
|

Number of Sample Points by Verification Activity tn PY2:
o " Numberof | . Percent of ﬁrqje'&s"'
Stratum | PercentoféxanteSavings |  Projects Sarmple- Réviewed
al All projects 104 56 54%
large Top 50% 96 30 31%
Medium. Next 30% 269 18 7%
Small Last 20% 1,443 12 1%
Total 1,912 116 6%
NOTES: T T -

Non-lighting stratum were organized by measure group, as:shown in Table L-7} along with the sample
for the verification activities.

f

Table L-7: PY2 Efficient Equipment Incentive Program Non-residential Medium and Small Strat:um

CStratum

| Measure Groups Included

Number:of-Sampie Points by Verification Activity:in. PY2

Records Review |

-

Sufveys. |

Site Visits:

"Mieasiirés Verified in
Site Visits

Medium

Refrigeration and motors

a5

17

7
21!

116
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Number of Sample Points by Verification Activity in PY2

MeasuresVerifiedin
Stratum. Measura Groups Induded Records:Review Surveys Site Visits Site Visits
HVAC, appliances, office
Small equipment, other 504 32 56 a0
NOTES: o - ) : T ) -

Residential Sector

The same approach was used to define strata in the residential sector as that used for the large lighting
strata. That is, the measure group with the top 50% of ex ante reported savings was included in the large
stratum. Measure groups that made up close to the next 30% were included in the medium stratum, The
remaining measures were included in the small stratum. Table L-8 shows the measures included in each
stratum.

Table L-8: PY2 Efficient EQuipment Incentive Program Residential Strata

Stratum Percent of Ex
Stratum Definition ante Savings. Measure. Groups Included
Large. Top 50% S7% HvAC measures
Medium Next 30% 37% Appliances, HPWH
Small Last 20% 6% RTS, refrigeration, office equipment, other
"NOTES: i

Most verification for residential measures occurred through records reviews and surveys. By design, site
visits were not used to verify measure installation with the exception of ASHPs. Residential sector
verification activity is shown in Table L-9.

Table L-9: PY2 Efficient Equipment Incentive Program Residential Medium and Small Strata

Number of Sample Points by Verification Activityin P¥Y2
Stratum Measure Groups Included Records Review Surveys Measures Verified
Large HVAC measures 104 57 153
Medium Appliances, HPWH 55 51 106
Small __ RTS, refrigeration, office equipment, other 63 44 108
NOTES:

Efficient Equipment Incentive Program Non-Lighting Site Visit Verification Samptes (Nonresidential
Sector)

The sample sizes for non-lighting measures verification were determined by site, not by the number of
measures, Table L-10 summarizes the number of site visits conducted for each measure, and the total
number of measures verified at these sites. In total, 194 measures were verified at 77 sites. Some sites
included more than one measure.
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Table L-10: Efficient Equipment Site Visit Summary

: ] 7 . TotaiMeasures
' Category |  Techriology __ Total Site Visits | Verified'On-site
' ASHP' 11 29
_cag 7 g
HVAE ‘ ijrcagrammable Thermostat- 5 | 10
Room.AC {1st'unit) 2 ' 10
DX, . 3 1 6
Chilter 1 | 1
| Clathes Washer {Tier 2’ MEE) 2 f 3
Dishwasher 3 | 11
Applianes ENERGY STAR-Dthmidiﬁer 1 2
ENERGY,STAR Refrigetitor 3 ‘ 11
ENERGY STAR Gompiiters 2 ; 25
ENERGY STAR Mohitors 1 T 16
Display-Case Fans / Walk-in Evaporator Fans 2 '
Refrigeration b EN-Eficiency Compressor ) 1 '
Floating Héad Pressure Control (Cdmpressor) i . 2
Compressor VSD Retrofit 1 r 1
Motors ASD/_’vsu _ 13 43
HVYAC.-Métors - PremiumEfficiency 16 31
Total e ' - 75 214
NOTES: - T
Table L-11 shows the number of site visits conducted by sector. :
|
Table L-11: Site Visits by Sector .
: ~ T . Total'Site | 5
- Category ‘Technology : . Visits - Small C&l | Large C&L GNI Residential
ASHP 1 6 0 ‘3 2
_GAC 7 5 0 12 0
HvAC _Programmable Thermosat 5 3 ) r 1 1
Room AC (1st unit) 2 0 0 2 Q
DX 3 0 1 2 0
Chilter 1 0 1 0 0
Appliances | Clothes Washer (Tier 2 MEF) 2 0 0 '2 0
Dishwashei 3 0 0 '3 0
ENERGY,STAR:Dehumidifier 1 0 0 1 0
 ENERGY.STAR Refrigerator. 3 0 0 3 0
 ENERGY-STAR Compiuters 2 0 1 1 0
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Total Site ]
Category Technology Visits Small C&1 | Large C&I GNI Residential
ENERGY STAR Monitors 1 0 1 0 0
Display Case Fans / Walk-in
Evaporator Fans 2 2
i . High-Efficiency Compressor 1 1 0
f
Refrigeration Floating Head Pressure Control
{Compressor) 1 0
Compressor V5D Retrofit 1 0 0
ASD/VSD 13 3
Motors HVAC Motors — Premium
Efficiency 16 6 3 7 0
Total 75 29 11 32 3
NOTES:
The total number of measures verified by sector is shown in Table L-12.
Table L-12: Total Number of Measures Verified by Sector
Total Measures )
Category Technology Verified On-site | Small C&I | Large C&l GNI ‘Residential
ASHP 29 25 9] 3 1
CAC 7 5 0 2 0
HVAC Programmable Thermostat 10 7 0 3 0
Roam AC {1st unit} 14 4 & 0 4
DX 6 4 4 2 0
Chiller 1 0 1 0 0
Clothes Washer {Tier 2 MEF} 3 0 2 1 0
Dishwasher 11 0 9 2 0
. ENERGY STAR Dehumidifier 2 0 0 2 0
Appliances
ENERGY STAR Refrigerator 11 0 9 2 0
ENERGY STAR Computers 25 0 23 2 0
ENERGY STAR Monitors 16 0 16 0 0
Display Case Fans / Walk-in
Evaporator Fans 4 4 0 0
R R High-Efficiency Compressor 2 2 0
Ref
elrigeration Floating Head Pressure Control
{Compressor) 2 2 0 0 0
Compressor V5D Retrofit 1 0 0 0
ASD/VSD 4 11 28
Motors Al 3 3 9
HVAC Motors - Premium Efficiency 31 8 19 4 0
Total 214 68 118 27 1
NOTES:
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Renewable Energy [

The Renewable Energy Program offered two technologies during PY2, PV systems and GSHPs. The
program was open to both the residential and GNI sectors. In both sectors, installations were verified
through records reviews, site visits, and engineering analyses. Table L-13 lists the site visits, and Table L-
14 breaks down the site visits by sector.

Table L-13: Renewable Energy Program Site Visits

Category Technology Total Site Visits Total Measures Verified
GSHP GSHP 46 141

Solar Photovoltaics® 62 | 56

Total 108 .. 197

NOTES:

fa) PV sites were considered verifisd when cumulative generation data were collected during the site visit, Generation data could not be
cotlected at all sites, and some sites bad generation data that was deemed invalid..

Tahle L-14: Renewahle Energy Program Site Visits by Sector

Category Technology Total Site Visits Small c&1™ Large C&I™ GNI Residential
GSHP GSHP 46 2 0 12 32
Solar Photovoltaics 62 1 6 54
Total 108 3 1 L 18 86
NOTES:

[a] Only residential and GN1 sectors were eligible for the program. The small and large C&| projects were rectassified as residential or GNI

during verification. Only one site was confirmed to be small C&l.

These tables show the sector counts by reported sector. Some sectors were misclassified as reported,
and were re-coded upon further research. The number of measures shown in Table L-15 represents the
number of measures verified at the site; these do not represent the CSP Job Numbers.

Table L-15: Renewable Energy Program Number of Measures Verified from Site Visits and Record Review by Sector

Total Verified
Category Technology Measures. small c8I1 Large cal™ ‘GNI Residential
GSHP GSHP 497 15 0 402 80
Solar. Photovoltaics ™ 56 1 1 5 49
Total 553 16 2 407 129
NOTES:

[a]'Only residential and GNI.sectors were eligible for-the program. The small 2nd large C&t projects were reclassified as residential or GNI during
verification. Only one site was confirmed to be small C&lI.
[b] PV sites were considered verified when cumulative generation data were collected during the site visit. Generation data could not be

collected at all sites, and some sites had generation data that was deemed invalid.

In Table L-16, the total number of sites was determined using unique account numbers. The tabie shows
the reported sector. Some were misclassified and corrected during the verlflcatlon process. The counts
for records review includes the reviews for site visits.
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Table L-16: PY2 Renewable Energy Sampie Strata

T B Number of Sanmiple Points(Sitas) by Verification
Tatal Number of Number of ’ - fl;tnnty
Technology  Sector Sites [Projécts) Unitsinstalled | RecordsReview Surveys Site Visits |
al 54
BY Residential 128 128 73 44
GSHP 1,050 1,127 58 65 32
1 1
v Small C&I 1 1 1
GSHP 4 17 2 1 2
1
’ PV Large C&_Im 1 1 1
GESHP. QO bl 0 o] 0
1 6
PV GNI 6 6
GSHP 22 413 17 5 12
Total 1,212 1,683 158 118 108
NOTES: -

[a] Only residential and-GNI sectors were eligible for the program. The small and large C&1 projects were reclassified as residential or GNliduring
verification. Qnly one site was confirmed to be smail C&I.

HVAC Tune-Up
Sampling procedures follow the HVAC Tune-Up CMP approved by the SWE. The sample was based on
individual serviced units, and not individual projects that could include multiple units. Servicing can

include multiple measures, depending on the outcome of the diagnostic test results.

The unit sample size was based on the SWE’s sampling guidelines, requiring sample sizes to meet 85%

confidence with 15% precision. At the end of PY2, 300 units received a diagnostic test or services

through the program. Of these, 48 units received only the diagnostic test. The remaining units had

either a refrigerant charge adjustment, an economizer test (and possible repair), or a thermostat

measure. Some units received more than one measure. In total, 377 measures were rebated. (The

unique “UnitlD” reported for each system was used to determine the total number of measures.)

The program’s implementation CSP provided databases identifying all the units contractors planned to
service. Of the units selected to receive pre-servicing verification, only six units were diagnosed by

contractors in PY2. Energy savings were reported to PPL Electric for only one of those six units. In total,
32 units were tested by the EM&V CSP.

13 units were serviced through the program in PY2
Three units were serviced in PY2 but did not receive an incentive since contractors did not

submit a rebate

Three units were not serviced through the program until PY3
13 units were never serviced by contractors

Table L-17 shows the number of HVAC Tune-Up Program participants in PY2, and Table L-18 shows the
PY2 HVAC Tune-Up Program sample sizes.
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Table L-17: PY2 HVAC Tune-Up Participants

il Numberof | Number, of
Contractors Number-of Units ‘ Number of
. - | Providing Locations Receiving Nufnber of Units, Measures.
Technélogy Sactor services | (businesses) Test-in Serviced™ Rébated’
HVAL Tune-Ug " Nonresidential 16 47 300 252 377
"NOTES: — ' ' i
[a]) This is the number, of units fhat received mofe than a disgrostic testiin:

Table L-18: PY2 HVAC Tune-Up Sample |

L

l _ . Number of Sample Points {Units) by Verification Activity.
: Surveys with: Records ’ Engineering
Technology | ‘Sector. Coritractors ‘Review. _ Site Visits; . Analysis
HVAC Tune-Up Nonresidential 10 13 10 13

"NOTES:

|

J
Custom Incentive Program w
Each custom project in the Custom Incentive Program was defined as being large or small for verification
purposes. Large projects were identified in real time and all' were included in the impact evaluation
sample. These projects generally have a large amount of savings (currently defined as reserved (ex ante)
savings greater than 500,000 kWh/yr). However, projects with savings below tﬁis threshold could also
be included in the large stratum. ‘
A sample of small projects was selected from all projects completed and rebatéd during PY2. Savings for
this sample were verified and a realization rate determined based on this samp;le. The realization rate
was applied to the population of the projects in the small project stratumn. !
Incentives were paid for 54 projects in the Custom Incentive Program in PY2, Of these, 42 were
determined as large stratum (though a significant number of these had savingsfless than 500,000 and
would be placed into the small strata under the current sampling scheme). The' remaining projects were
defined as small projects. There were a total of 12 smail projects in PY2, from which a sample of six were
selected for review and verification.
Telephone Survey Sampling Procedures |
The EM&V CSP conducted telephone surveys at various intervals, following a batch-wise sampling
approach. Table L-19 shows the months each survey was fielded. The sample wfas selected from
participants in all previous quarters. Surveys served more than one purpose: thtey were used to verify
measure installation, assess customer satisfaction, and collect data to compute the NTG ratio.

Table L-19: PY2 Telephone Survey Schedule

PY3

 Télephion€ Surveys: at
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PY2 .
Telephone Surveys. , o1 _az Q3 Qs PY3:

Efficient Equipment Ingentive Program
{commercial} X X

, Efficient Equipment Incentive Program
{residential) X X

Appliance Recycling Program X X b

Renewable Energy Program

Home Assessment & Weatherization
. Program

. E-Power Wise Program-

. CFL Campaign ] ’ X X

Energy Efficient Behavior &Education
Program X

HVAC Tune-Up Program X

Custom Incentive Program X

NOTES:

The EM&V C5P developed two types of telephone survey sampling procedures for PPL Electric Act 129
prograrns. This section discusses each of these survey sampling procedures in detail.

The first process, and most complex, was used for programs that use PPL Electric’s EEMIS tracking
system. The second process was developed for programs that do not utilize EEMIS and for
nonparticipant surveys. These programs include the population surveyed for the upstream CFL
Campaign and for the Appliance Recycling Program nonparticipant sample.

For participant surveys, a program participant is defined as a unique billing account number that
installed an energy efficiency measure under that program. Accounts that install multiple measures are
counted only once. For example, if a single billing account installs both a CAC and a dishwasher under
the Efficient Equipment Incentive Program, that account was treated as a single participant.

EEMIS-Sourced Sampling
Participant surveys were conducted quarteriy. Survey results informed various process evaluation

metrics, along with the NTG analysis. During PY2, this methodology was used to select samples for
telephone surveys for five PPL Electric programs:

* Appliance Recycling

o Efficient Equipment Incentive (residential and nonresidential)
= Renewable Energy

* Home Assessment & Weatherization

e E-Power Wise
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The sample for these surveys was selected following a 10 step process: )
|

1

w

10,

Non-EEMIS Sourced Sampling ‘

[
Determine targeted number of completed surveys per program, suffICIent to meet confidence
and precision requirements. |
Aggregate EEMIS participant records across selected programs. |
Summarize EEMIS data by billing account and measure code.
For each billing account, stratify according to the measure code with the largest deemed kWh
savings value,
Remove any account contacted for a phone survey within the past 12 months either by the
EM&Y CSP or by Bellomy Research (PPL Electric’s survey vendor). }
Remove any accounts with an invalid phone number {e.g., less than 10 digits, invalid area code).
Apply any additional exclusion to the pool of stratified accounts; this mfay include items like site
visits or other phone verification activities. \ ‘
Randomly select a set of accounts of sufficient size within each stratum, such that calling all
names in that set will yield enough completed surveys to meet the designated sample size
requirements. Typically, the sample is six times the sample size ta rgets;I
For all selected names, append contact information and any program partncnpatlon data needed
to inform the read-ins for all survey questions.
Deliver the selected names to subcontractor conducting telephone surveys along with any
special calling instructions.

Nonparticipant and other participant surveys are conducted each year. During the 2011 program year,

this methodology was used to develop calling samples for three surveys:

CFL Campaign [
Appliance Recycling Program {nenparticipants) :
Energy Efficiency Behavior & Education Program participants (programllmplemented by
OPower) |

The sample for these surveys was drawn from PPL Electrics’ customer informatijon database or from the
OPower participant database, as appropriate. A five-step process was used, as follows:

1. Select a large sample of accounts {typically 5,000 to 10,000} from PPL Electrlc s-customer
database or an alternative data source.

2. Remove any accounts that were contacted for a phone survey within the past 12 months, either
by the EM&VY CSP or by Bellomy Research.

3. Remove any accounts with an invalid phone number {e.g., less than 10{d|g1ts invalid area code}.

4. For all selected names, append contact information and any addltlonal'data needed to inform
the read-ins for all survey questions.

5. Deliver the selected names to subcontractor conducting telephone surireys, along with any
special calling instructions. .

PY2 Surveys Conducted 1

Shown in Table L-20, 1,572 surveys were conducted in PY2.
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Table L-20: Program Population, Program Targets, Surveys Completed by Program

Program Program Survey Survey
Program Population Target Completes
Appliance Recycling 8,328 135 142
Efficient Equipment Incentive {residential) 68,332 239 224
Efficient Equipment Incentive [commercial) 2,917 165 141
Renewable Energy - 1,145 123 118
E-Power Wise 3,212 140 143
Home Assessment & Weatherization 651 68 68
Appliance Recycling (nonparticipant) 140 134
CFL Campaign 300 282
Energy Efficiency Behavior & Education (OPower) 50,000 340 320
Total 1,671 1,572
NOTES:

Survey Disposition

As indicated in the survey sample selection processes above, the EM&V CSP sends a set of accounts to
the subcontractor conducting telephone surveys (Opinion Dynamics Corporation; ODC) for each survey
that is administered. ODC tags any account that they call with a disposition code that, in general, reflects
the status of the last phone call to that account. ODC receives some accounts that are not calied
because sample size quotas have already been met by the time that account enters the dialing system.
The summary of final telephone survey dispositions for each survey administered in PY2 is shown in

Table L-21.

Table L-21: Detailed Survey Disposition Codes

Disposition Detailed Category

Duplicate Phone Number

Fax/Data Line

Ifl/Away/Deceased

Not Eligible Invalid Number

Language Barrier

Not In Service

Wrong Number

Unknown Eligibility Non- Answering Machine
Interview
Busy
Call Blocking
Callback
No Answer
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Disposition Detailed Category

Not In Service

NOTES:

Survey Attrition :

The final survey attrition listed in Table L-22 shows the number of times a survey was fielded for each
program, along with the population, sample frame, number provided to the survey subcontractor, and
the sample attrition, The table shows the targeted number of completes along \:Nith the total completed.
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Table L-22: PY2 Survey Sample Attrition

Home _ .
Efficient Efficient Assessment | -Appliance Energy. |
Equipment Equipment & Recycling: ‘Efficiency |
Appilance Incentive | Incentive {non- . Renewable E-Power Weatherizat | {nonpartici Behavior & :
Survey Recycling [residential} residentiai) Energy Wise ‘ion pant) CEL Campaign Education |
Fielding 1 2 1 2 1 2 1 2 1 1 1 1 2 1
Population 2,534 | 5794 | 19,402 | 48,930 [ 334 | 2,583 | 411 734 3,212 651 50,000
Sample Frame 2,522 5,782 18,800 | 7,865 233 2,035 411 734 3,156 628 “
Serubbed 74 | 226 | am7 | a;2 | s1 | 207 | 15 | se1 71 25 e
Provided to ODC 420 390 482 902 182 623 396 143 1,227 447 9,663 4,921 4,876 4,258
Partial
Complete 11 13 8 31 3 17 4 3 30 7 151 15 S5 105
Refusal 27 57 17 - 62 7 45 12 6 99 33 2,266 244 421 576
Not Eligible 20 25 14 20 18 27 10 3 239 12 1,555 117 330 336
Unknown
Eligibility Non-
interview 217 158 255 295 80 237 169 41 274 120 2,297 2,524 576 918
Other 12 9 2 12 0 9 0 1 31 11 1,753 20 0 15
Quota Full 133 128 186 482 74 288 201 89 554 2564 1,641 2,001 3,494 2,308
Complete 76 66 95 129 40 101 101 17 143 68 134 104 178 320
Target Completes 70 65 100 139 40 125 101 22 140 68 140 100 221 340

' NOTES:
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Appendix M: Incremental Measure Costs3S

, Ir;_cremer:\f'a_i ) v
iiProgram _ . : ¢ Measure ‘Cost ¢ - Incremental'Cost Source.,

CEL Campaign ] CFL $3.59 Engineering Calculation

Custom Incentive-Program Average Project Cost $130,626 Calculated from program tracking data

Efficient Equipment Incentive Frogram. Anti-Sweat Heater Controls $467.50 Utility Program 2004 Focus on Energy

Efficierit Equipment incentive:Program LED Traffic Signals (8" Red) $382.30 Retailers: Dialight, Atlanta Light Bulbs, and Duro Test

’ EERE:
http://wwwl.eere.energy.govfindustry/bestpractices/market_assessme
i Efficient.Equipmentincentive Program nt glimpse.html and
HVAC Motors - Premium http://wwwi.eere.energy.pov/industry/bestpractices/pdfs/mc-2463.pdf,
Efficiency $313.91 A.0. Smith Motors and Baldor Motors

Efficient.Equipment Incentive Program Chiller Pipe Insulation $28,718.40 RSMeans 2007

Efficient:Equipment.Incentive Program ASD/VSD $8,212.88 Engineering Calculation

Efficient:Equipment Incentive Program LED Traffic Signals{12" Red) $749.44 Retailers: Dialight, Atlanta Light Bulbs, and Duro Test

Efficient Equipment.incentive.Program LED Traffic Signals {8" Green) $668.73 Retailers: Diatight, Atlanta Light Bulbs, and Duro Test
- Efficient Equipment Incentive Program LED Traffic Signals12" Green $1,078.23 Retailers: Dialight, Atlanta Light Bulbs, and Duro Test
 Efficient.Equipment Incentive Program LED Traffic Signals (8" Yellow) $861.00 Retailers: Dialight, Atlanta Light Bulbs, and Duro Test
l Efﬁr‘:ient'rEr Qi ment Incentive Program LED Traffic Signals Pedestrian
T auip g (8" or12") $1,632.00 Retailers: Dialight, Atlanta Light Bulbs, and Duro Test
g . . LED Traffic Signals Yellow

Efficient Equipment Incentive Program Arrow $205.89 Retailers: Dialight, Atlanta Light Bulbs, and Dura Test
I e LED Traffic Signals (Green
) Efﬁcsgnt Equipment Incentive Program Arrow) $284.50 Retailers: Dialight, Atlanta Light Bulbs, and Duro Test
_|_Efficient Equipment Incentive Program LED Traffic Signals {12" Yellow) $1,158.09 Retailers: Dialight, Atlanta Light Bulbs, and Duro Test

Efficient Equipment.Incentive Program ENERGY STAR Dehumidifier $24.00 ENERGY STAR

Efficient Equipment Incentive Program Room AC $30.00 ENERGY STAR

Efficient Equipment Incentive Program Dishwasher $30.00 ENERGY STAR

Efficient Equipment Incentive Program ENERGY STAR Clothes Washer $300.00 ENERGY STAR

% As no reliable data on participant costs were available, PPL implementation costs were used as a proxy for incremental measure costs for the Appliance

Recycling and HVAC Tune-Up Programs.
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Incremental )
Program Measure Cost Incremental Cost Source
e ) . Indoar ENERGY STAR Light
Eff tE ment Incentive Pr
clent Equiprent I ogram Fixtures $20.00 ENERGY STAR
Efficient Equipment Incentive Program CAC - SEER 14.5 $247.50 DEER and Engineering Calculations
Efficient Equipment Incentive Program CAC-SEER 16 $765.00 DEER and Engineering Calculations
. Efficient Equipment Incentive Program ASHP - SEER 14.5 $315.00 DEER and Engineering Calculations
Efficient Equipment Incentive Program ASHP - SEER 15 $630.00 DEER and Engineering Calculations
Efficient Equipment Incentive Program ASHP - SEER 16 $945.00 DEER and Engineering Calculations
Efficient Equipment Incentive Program Heat Pump Hot Water Heater $1,079.04 RTF and Research
Efficient Equipment Incentive Program ENERGY STAR Ice Maker $358.00 CEE
' , . . Commercial Reach-In
Efficient E ment Incentive P
‘clent Equip Hve Frogram Refrigerator $180.00 ENERGY STAR, FTSC 2004
Efficient Equipment Incentive Program ENERGY STAR Copier $156.76 2005 DEER Database
Efficient Equipment Incentive Program ENERGY STAR All-In-One $1.00 ENERGY STAR
- , . Compressor VSD Retrofit
Efficient E ment incentive Program
aulp 8 Rebate $72,548.68 Nexant Project Experience and LBNL
Efficient Equipment Incentive Program High-Efficiency Case Fans $8,360.79 DEER 2005 and SCE
.. . ) (DX) Packaged Air Conditioner
Efficient E ment lncentive P
clent tqulp neve Frogram System 11.0 EER $7,335.20 | DEER 2008, CEC, and ACEEE
- R Lo Heat Pump - Air Source
Eff ent Incentiv
icient Equipm entive Program EER=11.0, COP=3.5 $5,627.99 | DEER 2005
] . . Heat Pump - Air Source DEER 2005, Engineering Calculations, and Appliance Standards
Efficient E ment incentive.Program
cient =quip 8 EER=11.8, COP=3.8 $12,050.51 | Awareness Project
Efficient Equipment Incentive Program High-Efficiency Compressor $6,644.17 DEER 2005 / 1995 DOE
Efficient Equipment Incentive Program Air-Cooled Chiller $11,270.03 DEER
Efficlent Equipment Incentive Program Computer $1.00 ENERGY STAR
Efficient-Equipment Incentive Program CAC - SEER 15 $495.00 DEER and Engineering Calculations
Efficient Equipment.incentive Program ENERGY STAR Printers $25.00 Retailer: Best Buy
- . . . (DX) Packaged Air Conditioner
EfficientE ment Incentive Program
relent e ik & System 11.5 EER $11,369.56 | DEER 2005 and, CEC, and ACEEE
‘Efficient Equipment Incentive Program Display Cases $1,188.24 DEER 2005 scaled with DOE data
R ) , . High-Efficiency Evaporator
Efficient E mentIncentive Progr; ..
SHticlent Fquip e Trosram Fans - Walk-Ins $18,219.64 | DEER 2005 and SCE
Efficient Equipment incentive Program Faucet Aerators $161.59 Engineering Calculations
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e

. , | fncremental
‘Prograon . T . \ Measure . Cost IncrementaliCost:Source ;
Efficient Equipment.ncentive Program ENERGY STAR Fax $1.00 2005 DEER Database
lEfﬁcAient Equipmentiincentive Rrogram High-Efficiency Gas Furnace
quipmentincentive Erog (RTS fuel switching) $4,000.00 Engineering Calculations
Efficient Equipment.Incentive Program ENERGY STAR Monitor $10.00 ENERGY S$TAR
! Efficient'Equipment Incentive Program Floating Head Pressure Control $2,409.99 DEER 2005 / CALMAC Report - September 2000 / GSD
Efficient Equipment:incentive Program ENERGY STAR Refrigerator $30.00 ENERGY STAR
. Programmable Thermostat -
Efficient Equipment Incehtive Program Non-residential $172.36 DEER, RSMeans
_ ) . Programmable Thermostat —
Efficient Equipment Incentive Program Residential $25.56 DEER
Efficient Equipment Incentive Program ENERGY STAR Scanner $1.00 ENERGY STAR
-Ef'ﬁéi ' t E L tI slve. Progr (DX} Packaged Air Conditioner
ent tquipmentincentive.Frogram System 12.0 EER $13,779.69 | DEER 2005 and , CEC, and ACEEE
- Efficient Equipment Incentive Rrogram ENERGY STAR Water Cooler $1.00 ENERGY STAR
) http://www.amazon.com/Smart-Strip-SCG3-Autoswitching-
‘Efficient Equipment Incentive-Program’ SmartStrip $30.00 Technology/dp/BO0OP1QIXQ/ref=pd bbs sr 2?ie=UTF8&s=hi&qid=1237
924269&sr=8-2
"Effi i ive P c&l
Ug;:::?nngt}Eqmpment Incentive Program {C& Average Project Cost 543,808 Calculated from program tracking data
. Renéwible Enérgy Program 7 PV — Residential $47,031.00 http://www.californiasolarstatistics.ca.gov/reports/cost vs system size/
' Renewable Energy Program PV — Non-residential 51,543,440.00 | http.//www californiasolarstatistics:ca.gov/reports/cost vs system size/
Renewable Energy Program GSHP — Residential $11,328.21 Various Vendors and Studies
Renewable Energy-Program GSHP — Non-residential $295,099.96 | Various Vendors and Studies
- Home Assessment & Weatherization Program: CFL $3.59 Engineering Calculations
Home Assessment & Weatherization Pragram Faucet Aerator - Bath $0.50 Engineering Calculations
~Home Assessment & Weatherization Program Faucet Aerator - kitchen | $050 | Engineering Calculations -
Home Assessment & Weatherization.Program. Hot Water Pipe Insulation $16.94 DMME, RSMeans
" NOTES; ’
. :

f
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Appendix N: Glossary of Terms
This Glossary of Terms was provided by the SWE.

—_ A —_

Administration Costs: As defined by the TRC Technical Working Group.

Avoided Cost: In the context of energy efficiency, these are the costs that are avoided by the
implementation of an energy efficiency measure, program, or practice. Such costs are used in
benefit-cost analyses of energy efficiency measures and programs as defined by the
Pennsylvania PUC in the TRC Test Order.* Any additions to this definition will be discussed by the
TRC Technical Working Group.

—_ B —

Baseline: Conditions that would have occurred without implementation of the subject measure or
project. Baseline conditions are sometimes referred to as ‘business-as-usual’ conditions and are
used to calculate program related efficiency or emissions savings. Baselines can be defined as
either project specific baselines or performance standard baselines (e.g., building codes). For the
purposes of Act 129, baselines are defined in the Pennsylvania TRM, in approved custom
protocols, and in TRM interim approved protocols.

Baseline Data: The information representing the systems being upgraded before the energy efficiency
activity takes place.

Benefit-Cost Ratio: The mathematical relationship between the benefits and costs associated with the
implementation of energy efficiency measures, programs, or practices. The benefits and costs
are typically expressed in dollars. This is the ratio of the discounted total benefits of the program
to the discounted total costs over the expected useful life of the energy efficiency measure. The
explicit formula for use in Pennsylvania is set forth in the Appendix to the TRC Order.” Also see
Benefit-Cost Test.

Benefit-Cost Test: Also called Cost-Effectiveness Test, defined as the methedology used to compare the
benefits of an investment to the costs. For programs evaluated under Act 129, the TRC Test is
the required benefit-cost test as issued in the TRC Order.®

Bias: The extent to which a measurement, sampling, or analytic method systematically underestimates
or overestimates a value. Some examples of types of bias include engineering model bias; meter
bias; sensor bias; an inadequate or inappropriate estimate of what would have happened absent
a program or measure installation; a sample that is unrepresentative of a population; and
selection of other variables in an analysis that are too correlated with the savings variable (or
each other) in explaining the dependent variable (such as consumption).

-C-

Coefficient of Variation: The mean {average) of a sample divided by its standard error.

Coincident Demand: The demand of a device, circuit, or building that occurs at the same time as the
peak demand of a utility’s system load or at the same time as some other peak of interest, such

% pennsylvania Public Utility Commission. Implementation of Act 129 of 2009 — Total Resource Cost Test (TRC)
Order. Docket No. M-2009-2108601. Issued June 18, 2009.

*7 Ibid.

* Ibid.
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as a building or facility peak demand. The peak or interest should be specified (e.g., ‘demand
coincident with the utility system peak’).

Caincidence Factor: The ratio, expressed as a numerical value or as a percent%ge of connected load, of
the coincident demand of an electrical appliance or facility type with the utility system peak.

Confidence: An indication of the probability that an estimate is within a specified range of the true value
of the quantity in question. Confidence is the likelihood that the evaluation has captured the
true value of a variable within a certain estimated range. Also see Precision.

Correlation: For a set of observations, such as for participants in an energy eﬁiéiency program, the
extent to which values for one variable are associated with values of another variable for the
same participant. For example, facility size and energy consumption usually have a high positive
correlation. ;

Cost-Benefit and Cost-Effectiveness Analysis: See Benefit-Cost Test. |

Cost-Effectiveness: An indicator of the relative performance or economic attractiveness of an
investment or practice. In the energy efficiency field, the present valueof the estimated benefits
produced by an energy efficiency program is compared to the éstimated total costs to
determine if the proposed investment or measure is desirable from a variety of perspectives
(e.g., whether the estimated benefits exceed the estimated costs frorm a societal perspective).
See Benefit-Cost Test. |

Cost-Effectiveness Test: See Benefit-Cost Test.

Cumulative Energy Savings: The summation of energy savings associated with multiple projects or
programs over a specified period of time. |

Cumulative-to-Date: Beginning June 1, 2009 through the end of the current quarterly reporting period
(February 28/29, May 31, August 31, or Navember 30).

Cumulative Portfolio/Program Inception-to-Date: Beginning June 1, 2009 through the end of the
current quarterly reporting period (February 28/29, May 31, August 31, or November 30).
Custom Program: An energy efficiency program intended to provide efficiency solutions to unique
situations not amenable to common or prescriptive solutions addressed by the PA TRM. Each
custom project is examined for its individual characteristics, savings| opportunities, efficiency
solutions, and often, customer incentives. Under Act 129, these programs fall outside of the
jurisdiction of the Pennsylvania TRM, and thus the M&YV protocols for each should be approved

by the SWE. '
-D- !

Deemed Savings: An estimate of energy or demand savings for a single uriit of an installed energy
efficiency measure that: (1) has been developed from data sources and analytical methods that
are widely considered acceptable for the measure and purpose, and (2) is applicable to the
situation being evaluated. Individual parameters or calculation methods can also be deemed.
Deemed savings for measures implemented under Act 129 are stipuialted in the PA TRM, which
undergoes an annual review and update process, as well as in the Interim TRM Measures, which
are subject to interim approval by the SWE. w

Defensibility: The ability of evaluation results to stand up to scientific scrutiny{. Defensibility is based on
assessments by experts of the evaluation’s validity, reliability, and accUracy Under Act 129, it is
the role of the SWE to determine the defensibility of the verified sa\nngs estimates reported by
each of the EDCs.

Delta Watts: The difference in the connected load (wattage) between emstmg or baseline equipment
and the energy efficient replacement equipment, expressed in Watts or kilowatts.

Demand: The rate of energy flow. Demand usually refers to the amount of electric energy used by a
customer or piece of equipment over a defined time interval (e.g., 15 rlninutes), expressed in kW
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{equals kWh/h). Demand can also refer to natural gas usage over a defined time interval, usually
as Btu/hr, kBtu/hr, therms/day, or ccf/day.

Demand Reduction: See Demand Savings.

Demand Response: The reduction of customer energy usage at times of peak usage in order to help
system reliability, to reflect market conditions and pricing, or to support infrastructure
optimization or deferral of additional infrastructure. Demand response programs may include
contractually obligated or voluntary curtailment, direct load control, and pricing strategies.

Demand Savings: The reduction in electric demand from the demand associated with a baseline system
to the demand associated with the higher-efficiency equipment or installation. For the purposes
of Act 129, demand savings resulting from demand response programs must occur during the
100 peak hours as defined in Act 129. Demand savings associated with energy efficiency
measures implemented under Act 129 are calculated according to the approved calculation
methods stipulated in the TRM or subsequently approved through alternative methods (e.g.,
interim measures, customn protocols).

Demand-side Management: Strategies used to manage energy demand including energy efficiency, load
management, fuel substitution, and load building.

-_ E -

Energy Efficiency and Conservation (EE&C) Plan: Plan as filed by the EDC and approved by the PUC.

EE&C Plan Estimate for Program Year: An estimate of the energy savings or demand reduction for the
current program year as filed in the EDC EE&C plans.

Effective useful life: An estimate of the median number of years that efficiency measures installed
under a program are still in place and operable. For measures implemented under Act 129, it is
required that the effective useful life or 15 years, whichever is less, be used to determine
measure assessments.

Electric Distribution Company {(EDC): In reference to Act 129, there are seven EDCs with at least 100,000
customers that are required to adopt a plan to reduce energy and demand consumption within
their service territory in accordance with 66 Pa. C.5. § 2608. The seven EDCs include: Allegheny
Power, Duquesne Light, Metropolitan Edison Company, Pennsylvania Electric Company,
Pennsylvania Power Company, PECO Energy Company, and PPL Electric Utilities.

Electric Distribution Company (EDC) Evaluation Costs: Expenses incurred by the EDC pertaining to
EM&Y activities. This includes expenses for contractors, metering equipment, evaluation
software, etc.

Electric Distribution Company (EDC) Implementation Costs: Expenses incurred by the EDC pertaining to
the implementation of Act 129 programs approved in their respective EE&C Plans. This includes
expenses for payments to conservation service providers, marketing expenses, rebates, etc.

Electric Distribution Company (EDC) Incentive Costs: Payments by the EDC to a customer participating
in an EE&C program approved by the Commission. This may include rebates for the purchase of
energy efficiency qualifying equipment, cash payments for participation in programs, etc.

End Use: An appliance that uses energy.

Energy Conservation: Using less of a service in order to save energy. The term is often unintentionally
used instead of energy efficiency.

Energy Efficiency: The use of less energy to provide the same or an improved level of service to the
energy consumer; or the use of less energy to perform the same function.

Energy Efficiency Measure: An installed piece of equipment or a system, modification of equipment
systems, or modified operations in customer facilities that reduce the total amount of electrical
or gas energy and the capacity that would otherwise have been needed to deliver an equivalent
or improved level of comfort or energy service.

Energy Savings: A reduction in electricity use {kwh) or in fossil fuel use in thermal unit(s}.
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Evaluation: The conduct of any of a wide range of assessment studies and other activities aimed at
documenting an enhanced understanding of a program or portfolio, i;ncluding determining the
effects of a program, understanding or documenting program performance, program or
program-related markets and market operations, pregram-induced changes in energy efficiency
markets, levels of potential demand or energy savings, and/or program cost-effectiveness.
Market assessments, monitoring and evaluation, and M&V are aspects of evaluation.

Ex ante Savings Estimate: Forecasted savings used for program and portfolio pl;anning purposes.

Ex post Savings Estimate: Savings estimate reported by an evaluator after the energy impact evaluation
has been completed.

—F- :

Free Driver: A program nonparticipant who adopted a particular efficiency measure or practice as a
result of the evaluated program. Also see Spillover.

Free-rider: A program participant who would have implemented the program measure or practice in the
absence of the program. Free-riders can be: 1) total, in which the participant’s activity would
have completely replicated the program measure; 2) partial, in which the participant’s activity
would have partially replicated the program measure; or 3} deferred, in which the participant’s
activity would have completely replicated the program measure, but after the program's
timeframe. ’

Free-ridership Rate: The percent of savings attributable to free-riders.

-G -

Gross Impact: See Gross Savings.

Gross Savings: The change in energy consumption and/or demand that results directly from program-
related actions taken by participants in an efficiency program, regardless of why they
participated.

Gross kW: Expected demand reduction based on a comparison of standard or|replaced equipment with
equipment installed through an energy efficiency program. |

Gross kWh: Expected kWh reduction based on a comparison of standard or replaced equipment with
equipment installed through an energy efficiency program.

—-H-~-
-] -

Impact Evaluation: An evaluation of the program-specific, directly induced guantitative changes (kwh,
kw, and therms) attributable to an energy efficiency program.

Incremental Cost: The difference between the cost of an existing or baseline equipment or service and
the cost of an alternative energy efficient equipment or service. :

Incremental Energy Savings: The difference between the amount of energy savings associated with a
project or a program in one period and the amount of energy savfngs associated with that
project or program in a prior period. ‘

Incremental Quarter: The time period of one reporting quarter; typically used to reference the
additional results accrued during the reporting quarter.

Incremental Quarterly Participants: The difference between the cumulative number of program
participants acquired in 8 program in one period and the cumuiativ;e number of participants
acquired by that program in a prior period.

Incremental Quarterly Reported Gross Impact: The difference between the amount of reported gross
impacts of a program in one period and the amount of reported gross impacts of that program
in a prior period. |

__] —_
—_ K -
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Kilowatt (kW)}: A measure of the rate of power used during a pre-set time period (e.g., minutes, hours,
days, months) equal to 1,000 Watts.

Kilowatt-Hour (kWh}: A common unit of electric energy; one kilowatt-hour is numerically equal to 1,000
Watts used for one hour.

—-L-

Lifetime kW: The expected demand savings over the lifetime of an installed measure, equal to the
annual peak kW reduction associated with a measure multiplied by the expected lifetime of that
measure, It is expressed in units of kW-years.

Lifetime MWh: The expected electrical energy savings over the lifetime of an installed measure,
calculated by multiplying the annual MWh reduction associated with a measure by the expected
lifetime of that measure.

Lifetime Supply Costs: The net present value of avoided supply costs associated with savings, net of
changes in energy use that would have happened in the absence of the program over the life of
the energy efficiency measure, factoring in persistence of savings. See Avoided Cost. >

Load Factor: A percentage indicating the ratic of electricity or natural gas used during a given timeframe
to the amount that would have been used if the usage had stayed at the highest demand the
whale time. The term is also used to indicate the percentage of capacity of an energy facility,
such as a pawer plant or gas pipeline that is utilized for a given period of time.

Load Management: Steps taken to reduce power demand at peak load times or to shift some of it to off-
peak times. Load management may coincide with peak hours, peak days, or peak seasons. Load
management may be pursued by persuading consumers to modify behavior or by using
equipment that regulates some electric consumption. This may lead to complete elimination of
electric use during the period of interest (load shedding) and/or to an increase in electric
demand in the off-peak hours as a result of shifting electric usage to that period (load shifting).

- M-

Management Costs: To be defined by the TRC Technical Working Group.

Market Assessment: An analysis that provides an assessment of how and how well a specific market or
market segment is functioning with respect to the definition of well-functioning markets or with
respect to other specific policy abjectives. Generally includes a characterization or description of
the specific market or market segments, including a description of the types and number of
buyers and sellers in the market, the key actors that influence the market, the type and number
of transactions that occur on an annual basis, and the extent to which market participants
consider energy efficiency as an important part of these transactions. This analysis may also
include an assessment of whether a market has been sufficiently transformed to justify a
reduction or elimination of specific program interventions. Market assessments can be blended
with strategic planning analysis to produce recommended program designs or budgets. One
particular kind of market assessment effort is a baseline study, or the characterization of a
market before the commencement of a specific intervention in the market, for the purpose of
guiding the intervention and/or assessing its effectiveness later.

Measurement and Verification (M&V): A subset of program impact evaluations that are associated with
the documentation of energy savings at individual sites or projects using one or more methods
that can involve measurements, engineering calculations, statistical analyses, and/or computer
simulation modeling.

*# |bid.
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!

Measurement Error: In the evaluation context, a reflection of the extent 1o which the observations
conducted in the study deviate from the true value of the variable beinlg observed, The error can
be random (equal around the mean) or systematic (indicating bias).

Megawatt (MW): A unit for measuring electricity equal to 1,000 kilowatts or one million Watts.

Megawatt-Hour (MWh): A unit of electric energy numerically equal to 1,000,000 Watts used for one
hour. |

Metered Data: Data collected over time through a meter for a specific end use, energy-using system
(e.g., lighting, HVAC), or location (e.g., floors of a building, a whole premise). Metered data may
be collected over a variety of time intervals. Usuaily refers to electricity or gas data.

Metering: The collection of energy consumption data over time through the use of meters. These
meters may collect information about an end-use, a circuit, a piece of equipment, or a whole
building (or facility). Short-term metering generally refers to data collection for no more than a
few weeks. End-use metering refers specifically to separate data colledtion for one or more end-
uses in a facility, such as lighting, air conditioning, or refrigeration. Spot metering is an
instantanecus measurement {rather than over time) to determine equipment size or power
draw. .

Monitoring: The collection of relevant measurement data over time at a facility, including but not
limited to energy consumption or emissions data {e.g., energy and water consumption,
temperature, humidity, volume of emissions, hours of operation) for the purpose of conducting
a savings analysis or to evaluate equipment or system performance.

-N-~- |

Net Impact: See Net Savings. |

Net Present Value: The discounted value of the net benéfits or costs over a specified period of time
(e.g., the expected useful life of the energy efficiency measure}.*

Net Savings: The total change in load that is attributable to an energy efficiency program. This change in
load may include, implicitly or explicitly, the effects of free drivers, free-riders, energy efficiency
standards, changes in the level of energy service, and other causes of changes in energy
consumption or demand. Net savings are calculated by multiplying verified savings by a NTG
ratio. ,

Net-to-Gross (NTG) Ratio: A factor representing net program savings divided |by gross program savings
that is applied to gross program impacts to convert them into net program load impacts.
Nonparticipant: Any consumer who was eligible but did not participate in the su bject efficiency program

in a given program year.
-0-

Off-peak Energy kWh Savings: The kWh reduction that occurs during a SpEC|erd period of off-peak
hours for energy savings {see the PA TRM Table 1-1).

On-peak Energy kWh Savings: The kwh reduction that occurs during a spec1f|ed period of on-peak hours
for energy savings (see the PATRM Table 1-1}).

-pP -

Participant: A utility customer partaking in an energy efficiency program, defi:ned as one transaction or
one rebate payment in a program. For example, a customer receiving ane payment for two
measures within one program counts as one participant. A customer receiving two payments in
two programs counts as two participants. A customer partaking in one program at two different
times receiving two separate payments counts as two participants.

|
|
0 |big. |
|
1
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Participant Costs: Costs incurred by a customer participating in an energy efficiency program. Typically,
these costs are represented as incremental costs (i.e., the costs incurred for the purchase,
installation, and maintenance of energy efficiency equipment over standard or existing
equipment).

Peak Demand: The maximum level of metered demand during a specified period, such as a billing
month or a peak demand period. For Act 129, peak period is defined by the TRC Order as the
peak 100 hours.

Peak Load: The highest electrical demand within a particular period of time. Daily electric peaks on
weekdays typically occur in the late afternoon and early evening. Annual peaks typically occur
on hot summer days.

Percent of Estimate Committed: The program year-to-date total committed savings as a percent of the
savings targets established in each EDC EE&C Plan, calculated by dividing the PYTD total
committed by the EE&C Plan program year estimate.

Portfolio: Can be defined as: (1) a collection of programs addressing the same market (e.g., a portfolio of
residential programs), technology {e.g., mator efficiency programs), or mechanisms (e.g., loan
programs); or (2) the set of all programs conducted by one or more organizations, such as a
utility or program administrator, and which could include programs that cover multiple markets,
technologies, etc.

Precision: An indication of the closeness of agreement among repeated measurements of the same
physical quantity. It is also used to represent the degree to which an estimated result in social
science (e.g., energy savings) would be replicated with repeated studies.

Preliminary Program Year-to-Date (PYTD) Net Impact; Net impacts reported in quarterly reports. These
net impacts are preliminary in that they are based on preliminary realization rates.

Preliminary Program Year-to-Date (PYTD) Verified Impact: Verified impacts reported in quarterly
reports. These verified impacts are preliminary in that they are based on preliminary realization
rates.

Preliminary Realization Rate: Realization rates reported in quarterly reports based on the results of
M&V activities conducted on the sample to date. These results are preliminary because the
sample-to-date is likely to have not met the required levels of confidence and precision.

Prescriptive Program: An energy efficiency program focused on measures that are one-for-one
replacements of the existing equipment and for which fixed customer incentives can be
developed based on the anticipated similar savings that will accrue from their installation.

Process Evaluation: A systematic assessment of an energy efficiency program for the purposes of
documenting program operations at the time of the examination and identifying and
recommending improvements to increase the program’s efficiency or effectiveness for acquiring
energy resources, while maintaining high ievels of participant satisfaction.

Program Administrator; Those entities that oversee the implementation of energy efficiency programs.
This generally includes regulated utilities, other organizations chosen to implement such
programs, and state energy offices.

Program Year Energy Savings Target: Energy target established for the given program year as approved
in each EDC EE&C Plan.

Program Year Sample Participant Target: Estimated sample size for evaluation activities in the given
program year.

Program Incentive: An incentive, generally monetary, that is offered to a customer through an energy
efficiency program to encourage their participation. The incentive is intended to overcome one
or more barriers that keep the customer from taking the energy efficiency action on their own.

Program Participant: A consumer that received a service offered through an efficiency program in a
given program year, The term “service” can be one or more of a wide variety of services,
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including financial rebates, technical assistance, product installations, tramlng, energy efficiency
informatian, or other services, items, or conditions.

Program Year-to-Date (PYTD): Beginning June 1 of the current program year through the end of the
current quarter {February 28/29, May 31, August 31, or November 30).

Program Year-to-Date (PYTD) Net Impact: The total change in load that is attributable to an energy
efficiency program from June 1 of the current program year througEr the end of the current
quarter (February 28/29, May 31, August 31, or November 30).

Program Year-to-Date {PYTD) Participants: The number of utility customers partaking in an energy
efficiency program beginning June 1 of the current program year through the end of the current
quarter {February 28/29, May 31, August 31, or November 30). |

Program Year-to-Date (PYTD) Reported Gross Impact: The change in energy consumption and/or
demand that results directly from program-related actions taken by paIrticipants in an efficiency
program, regardless of why they participated, beginning June 1 of the current program year
through the end of the current quarter {February 28/29, May 31, August 31, or November 30).
This value is unverified by an independent third-party evaluator.

Program Year-to-Date (PYTD) Sample Participants: Total participant sample;beginning June 1 of the
current program year through the end of the current guarter (February 28/29, May 31, August
31, or November 30).

Program Year-to-Date (PYTD) Total Committed: The estimated gross |mpacts including reported
impacts and in-progress impacts, beginning June 1 of the current program year through the end
of the current quarter (February 28/29, May 31, August 31, or November 30), calculated by
adding PYTD reported gross impacts for projects in progress. |

Project: An activity or course of action involving one or multiple energy efﬁmency measures at a single
facility or site.

Projects in Progress: Energy efficiency and demand response projects currehtly being processed and
tracked by the EDC, but that are not yet complete at the time of the réport. A complete project
is defined as a project in which the energy conservation measure has been installed and is
commercially operable, and for which a rebate check has been issued. !

-Qq- i
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Realization Rate: The term is used in several contexts in the development of r?eported program savings.
The primary applications include the ratio of project tracking system savings data (e.g., initial
estimates of project savings) to savings that: 1) are adjusted for data errors and 2} incorporate
the evaluated or verified results of the tracked savings.

Rebate Program: An energy efficiency program in which the program admmlstrator offers a financial
incentive for the installation of energy efficient equipment.

Rebound Effect: Also called ‘snap back,’ defined as a change in energy- usmg behavior that yields an
increased level of service that is accompanied by an increase in energyiuse and occurs as a result
of taking an energy efficiency action. The result of this effect is that the savings associated with
the direct energy efficiency action is reduced by the resulting behaworel change.

Regression Analysis: Analysis of the relationship between a dependent variable {response variable) to
specified independent variables (explanatory variables). The math,ematical mode! of their
relationship is the regression equation.

Regression Model: A mathematical model based on statistical analysis where the dependent variable is
quantified based on its relationship to the independent variables which are believed to
determine its vaiue. In so doing, the relationship between the variables is estimated statistically

from the data used. |
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Reliability: The quality of a measurement process that would produce similar results on: (1) repeated
observations of the same condition or event, or {2) multiple observations of the same condition
or event by different observers.

Renewable Energy: Energy derived from resources that are naturally replenishing but flow-limited. They
are virtually inexhaustible in duration but limited in the amount of energy that is available per
unit of time. Renewable energy resources include biomass, hydro, geothermal, solar, wind,
ocean thermal, wave action, and tidal action.

Reported Gross Impact: The change in energy consumption and/or demand that results directly from
program-related actions taken by participants in an efficiency program, regardless of why they
participated. This value is unverified by an independent third-party evaluator.

Reporting Period: The time following implementation of an energy efficiency activity during which
results are to be determined. .

Representative Sample: A sample that has approximately the same distribution of characteristics as the
population from which it was drawn.

Rigor: The level of effart expendéd to minimize uncertainty due to factors such as sampling error and
bias. The higher the level of rigor, the more confidence there is that the results of the evaluation
are accurate and precise.

_ s -

Sample: In program evaluation, a portion of the population selected to represent the whole. Differing
evaluation approaches rely on simple or stratified samples (based on some characteristic of the
population}.

Sample Design: The approach used to select the sample units.

Sampling Error; The error in estimating a parameter caused by the fact that all of the disturbances in the
sample are not zero.

Savings Factor (SVG): The percent of time the lights are off due to lighting controls relative to the
baseline controls system (typically a manual switch). Also referred to as the lighting controls
savings factor.

Simple Random Sample: A method for drawing a sample from a population such that all samples of a
given size have an equal probability of being drawn.

Snap Back: See Rebound Effect.

Simulation Model: An assembly of algorithms that calculate energy use based on engineering equations
and vser-defined parameters.

Spillover: Reductions in energy consumption and/or demand caused by the presence of an energy
efficiency program, beyond the program-refated gross savings of the participants and without
financial or technical assistance from the program. There can be participant and/or
nonparticipant spillover. Participant spillover is the additional energy savings that occur when a
program participant independently installs energy efficiency measures or applies energy saving
practices after having participated in the efficiency program as a result of the program’s
influence. Nonparticipant spillover refers to energy savings that occur when a program
nonparticipant installs energy efficiency measures or applies energy savings practices as a result
of a program’s influence.

Spillover Rate: An estimate of energy savings attributable to spillover effects expressed as a percent of
savings installed by participants through an energy efficiency program.

Standard Error: A measure of the variability in & data sample indicating how far a typical data point is
from the mean of a sample. In a large sample, approximately two-thirds of observations lie
within one standard error of the mean, and 95% of observations lie within two standard errors.

Statistically Adjusted Engineering Models: A category of statistical analysis models that incorporate the
engineering estimate of savings as a dependent variable. The regression coefficient in these
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models is the percentage of the engineering estimate of savings obset:'ved in changes in energy
usage. For example, if the coefficient on the statistically adjusted engineering term is 0.8, the
customers are, on average, realizing 80% of the savings from their engiheering estimates.

Stipulated Values: See Deemed Savings.

Stratified Random Sampling: The population is divided into subpopulations, cailed strata, that are non-
overlapping and together comprise the entire population. A simplejrandom sample of each
stratum is taken to create a sample based on stratified random sampling.

Stratified Ratio Estimation: A sampling method that combines a stratified sa{mp[e design with a ratio
estimator to reduce the coefficient of variation by using the correlatrorlt of a known measyre for
the unit (e.g., expected energy savings) to stratify the population and afllocate a sample from the
strata for optimal sampling. }
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Takeback Effect: See Rebound Effect. ,‘

Total Resource Cost (TRC) Test: A cost-effectiveness test that measures the net direct economic impact
to the utility service territory, state, or region. The TRC Order*! !details the method and
assumptions to be used when calculating the TRC test for EE&C portfolios implemented under
Act 129. The results of the TRC test are to be expressed as both a,net present value and a
benefit-cost ratio. |

Total Resource Cost (TRC) Test Benefits: Benefits calculated in the TRC testithat include the avoided
supply costs, such as the reduction in transmission, distribution, generation, and capacity costs,
valued at a marginal cost for the periods when there is a consumptic?n reduction. The PA TRC
benefits will consider avoided supply costs, such as the reduction in forecasted zonal wholesale
electric generation prices, ancillary services, losses, generation capacity, transmission capacity,
and distribution capacity. The aveided supply costs will be calculated using net program savings,
defined as the savings net of changes in energy use that would have ha'ppened in the absence of
the program. The persistence of savings over time will also be consndered in the net savings.”

Total Resource Cost (TRC) Test Costs: The costs calculated in the TRC test wnII include the costs of the
various programs paid for by an EDC (or by a default service prowqer) and the participating
customers, and costs that reflect any net change in supply costs for the periods in which
consumption is increased in the event of load shifting. Note that the TRC test should utilize the
incremental costs of services and equipment. Thus, for example, thls would include costs for
equipment, installation, operation and maintenance, removal (Igss salvage value), and
administrative tasks, regardless of who pays for them.® :

-J— '

Uncertainty: The range or interval of doubt surrounding a measured or calculated value within which
the true value is expected to fall with some degree of confidence. \

Upstream Program: A program that provides information and/or financial asmstance to entities in the
delivery chain of high-efficiency products at the retail, wholesale, or manufacturmg level. Such a
program is intended to yield lower retail prices for the products.

-\ -

Verification: An mdependent assessment of the reliability (considering completeness and accuracy) of
claimed energy savings or an emissions saurce inventory. :

Verified Gross Impact: Calculated by applying the realization rate to reported %ross impacts.

\
! pid. \
* Ihid. ‘
3 1bid.
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Watt: A unit of measure of electric power at a point in time as capacity or demand. One Watt of power
maintained over time is equal to one Joule per second. The Watt is named after Scottish
inventor james Watt, and is shortened to W and used with other abbreviations, as in kwh
{kilowatt-hours).

Watt-Hour: One Watt of power expended for one hour. One-thousandth of a kilowatt-hour.

Whole-building Calibrated Simulation Approach: A savings measurement approach (defined in the
International Performance Measurement and Verification Protocol Option D and in the
American Society of Heating, Refrigerating and Air-Conditioning Engineers Guideline 14} that
involves the use of an approved computer simulation program to develop a physical model of
the building in order to determine energy and demand savings. The simulation program is used
to model the energy used by the facility before and after the retrofit. The pre- or post-retrofit
models are developed by calibration with measured energy use, demand data, and weather
data.

Whole-building Metered Approach: A savings measurement approach {defined in the International
Performance Measurement and Verification Protocol Option C and in the American Society of
Heating, Refrigerating and Air-Conditioning Engineers Guideline 14) that determines energy and
demand savings through the use of whole-facility energy {end use) data, which may be
measured by utility meters or data loggers. This approach may involve the use of monthly utility
billing data or data gathered more frequently from a main meter.

- -
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