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1. Portfolio Overview

1.1. Introduction

This report presents and discusses the results from PGW’s implementation of its Demand
Stde Management (DSM) portfolio of energy-efficiency programs in Fiscal Year 2015 (“FY
2015M).

PGW's DSM portfolio was approved by the Pennsylvania Public Utility Commission ("PUC")
by arder entered on July 29, 2010. PGW committed to filing its annual report four months
after the end of the program year to report on program outcomes to date. This report is the
fifth such Annual Fiscal Year Report.

This report provides quantitative tables of portfolio operations and outcomes for all six
DSM programs:

» Enhanced-Low Income Retrofit Program (“ELIRP"};

+ Residential Heating Efficiency Rebate Program ("RHER");

» Commercial and Industrial Retrofit Program, now Efficient Building Grants;

¢ Commercial and Industrial Equipment Rebates Program (“CIER");

+ High Efficiency Construction Incentives Program, now Efficient Construction Grants;
and

s« Comprehensive Residential Retrofit Incéntives program (“CRRI"}, now "Home
Rebates”.

1.2. Summary of Results

In FY 2015, all six DSM programs authorized by the July 29, 2010 PUC order were
implemented and PGW'’s management was focused on growing participation. PGW spent
$10.6 million on DSM programming, approximately 83 percent of the FY 2015 budget filed
by PGW in its FY 2015 Iinplementation Plan. PGW achieved estimated first year gas savings
of nearly 105 Billion Btu {“BBtu”) and 2,161 BBtu over the lifetime of the measures
installed. From portfolio inception in January, 2011 through the end of FY 2015, overall
DSM activities have resulted in projected $7.9 million in net resource benefits and a benefit-
cost-ratio {"BCR"™) of 1. 21 under the Total Resource Cost (“TRC") cost-effectiveness test.

! September 1, 2012 through August 31, 2013

PGW EnergySense
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TABLE 1. DSM Co0STS AND BUDGETS BY PROGRAM (NOMINAL)?

Program FY 2015

. ' Actual Goal
Enhanced Low Income Retrofit $7,505,428 $7,600,000 99%
Residential Heating Equipment Rebates $774,391 $1,145,520 68%
Home Rebates $409,735 $1,400,000 29%
Efficient Construction Grants (Residential) $177,227 $297,791 609%
Residential Total $8,866,781 $10,443,311 85%
Efficient Building Grants $215,811 $536,558 40%
Commercial and Industrial Equipment Rebates $358,448 $337,792 106%

Efficient Construction Grants (Nonresidential) $- $-

Non-residential Total $574,260 $874,351 64%
Portfolio-wide Costs $1,120,342 $1,390,000 B81%
UTILITY TOTAL | $10,561,382 $12,707,662 83%
Participant Costs $1,732,941 $3,768,659 46%
Total $12,294,323 $16,476,321 75%

TABLE 2. DSM CosTS AND BUDGETS BY CATEGORY (NOMINAL)

Category

FY 2015
Goal

Customer [ncentives $7,231,326 $8,890,090 81%
Administration and Management $687,948 $940,000 73%
Marketing and Business Development $432,394 $480,000 90%
Contractor Costs $1,985,803 $1,911,978 104%
Inspection and Verification $66,784 $175,593 38%
On-site Technical Assessment $- $-
Lvaluation $157,127 $310,000 51%
UTILITY TOTAL | $10,561,382 $12,707,662 83%
Participant Costs $1,732,941 $3,768,659 46%
Total $12,294,323 $16,476,321 75%

2 All PGW Efficiency Cost Recovery Surcharge collections are shown in Appendix A. FY 2014 over-collections

were refunded to the appropriate customer classes in FY 2015.
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TABLE 3. PORTFOLIO-WIDE INCREMENTAL FIRST YEAR GAS SAVINGS (MMB1U)

. FY 2015
Program Actual. Goal

Iinhanced lL.ow Income Retrofit 64,307.7 55,315.7 116%
Residential Heating Equipment Rebates 13,0314 20,125.3 65%
Home Rebates 2,581.2 17,665.1 15%
Efficient Construction Grants (Residential) 5,745.7 3,729.4 154%
Residential Total 85,665.9 96,835.5 88%
Efficient Building Grants 4,783.9 8,169.2 59%
Commercial and Industrial Equipment Rebates 14,461.1 10,055.6 144%

Efficient Construction Grants (Nonresidential) - -
Non-residential Total 19,245.1 18,224.8 106%

Portfolio-wide Costs - -
PORTFOLIO TOTAL 104,911 115,060.4 91%

TABLE 4. PORTFOLIO-WIDE INCREMENTAL LIFETIME GAS SAVINGS (MMBTU)

FY 2015
Program ! Actual Goal ] Y%
Enhanced Low ncome Retrofit ©1,321,965.8 1,106,313.8 119%
Residential Heating Equipment Rebates 278,317.4 431,725.9 64%
Home Rebates 75,774.6 453,687 4 17%
Efficient Construction Grants (Residential) 92,845.2 68,456.6 136%
Residential Total 1,768,903.1 2,060,183.6 86%
Efficient Buiiding Grants 111,445.1 150,985.6 74%
Commercial and Industrial Equipment Rebates 281,112.3 156,424.3 1809%
Efficient Construction Grants {(Nonresidential) - -
Non-residential Total 392,557.4 307,409.9 128%
Portfolio-wide Costs - -
PORTFOLIO TOTAL 2,161,460.5 2,367,593.5 91%

TABLE 5. NON-GAS BENEFITS

' Program

O P

Actual

FY 2015

PGW LncrgySense

First Year Energy Savings Installed (kWh) 921,266.7 1,148,243.8 | 80%
Lifetime Energy Savings Installed (kWh) 16,635,601.8 24,642,881.3 ] 80%
Summer Peak Demand Savings Installed (kW) 211 211 | 100%
First Year Water Savings Installed (million gallons) 7.4
Lifetime Water Savings Installed (million gallons) 74.0

3
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TABLE 6. TOTAL RESOURCE COST TEST RESULTS FROM INCEPTION THROUGH THE END OF FY 2015 (2009$%)

Inception through FY 2015

Program Launch ] ) -

' Year PV of Benefits PV of Costs PV of Net Benefits BCR
Enhanced Low Income Retrofit FY 2011 $34,110,010 $26,318,553 $7,791,457 1.30
Residential Heating Equipment Rebates FY 2011 $6,745,039 $4,331,175 $2,413,864 1.56
Home Rebates FY 2014 $1,235,658 $1,708,724 $(473,066) 0.72
Efficient Construction Grants [Residential) FY 2012 $632,194 $313,707 $318,487 2.02
Residential Total $42,722,902 $32,672,161 $10,050,741 1.31
Efficient Building Grants FY 2012 $1,316,198 $947,247- $368,951 1.39
Commercial and Industrial Equipment Rebates FY 2013 $1,771,242 $643,039 $1,128,203 2.75

Efficient Construction Grants (Nonresidential) FY 2013 $- $- $-
Non-residential Total $3,087,440 $1,590,286 $1,497,154 1.94
Portfolio-wide Costs $- $3,659,322 $(3,659,322) -
PORTFOLIO TOTAL $45,810,342 $37,921,768 $7,888,574 1.21
4
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2. Enhanced Low-Income Retrofit Program

The Enhanced Low-Income Retrofit Program seeks to obtain cost-effective energy savings
for low-income customers who participate in PGW'’s Customer Responsibility Program
(“"CRP"). A secondary goal of the program is to reduce the overall long-term cost of CRP as
paid by all firm customers. The program seeks to achieve these goals and make customers’
homes more energy efficient and comfortable by:

Repairing or replacing older and less efficient heating systems.

Providing comprehensive weatherization services.

Educating customers on ways to reduce their energy use along with basic
health and safety information.

Raising awareness of energy conservation and encouraging the incorporation
of energy saving behavior.

Targeting high-use customers to maximize impact and increase cost-
effectiveness.

Streamlining the delivery mechanism through the use of implementation
contractors.

TaBLE 7. ELIRP RESULTS FORFY 2015

FY 2015
Actual Goal %
PARTICIPATION
Closed Cases 2,601 1,795 1449
Comprehensively Closed 1,300
Closed, Limited Measures 1,301
COSTS (Nominal)
Non-Incentive Spending $1,662,440 $1,672,600 99%
Administration and Management $- $30,000
Marketing and Business
Development $-
Contractor Costs? $1,567,219 $1,482,000
Inspection and Verification $55,962 $75,000
On-site Technical Assessment 5-
Livaluation $39,259 $85,000
Measure Installation $5,842,988 $5,928,000 999,
Total Program Spending $7,505,428 $7,600,000 99%
Participant Costs $- $-
Total Cost $7,505,428 $7.600,000 99%

3 Includes annual administrative expenses (costs not directly related to the provision of program services, such
as office overhead) and also includes non-administrative costs (for variable program support expenses that are
directly related to the provision of program services) but does not include PGW's own overhead.

PGW LinergySense
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"SAVINGS*
First Year BBtu 64.3 55.3 116%
Lifetime BBtu 1,322 1,106 119%
First Year kWh 583,243
Lifetime kWh 12,785,662

TABLE 8. TRC COST-EFFECTIVENESS RESULTS FOR ELIRP FROM INCEPTION THROUGH
FY 2015

PRESENT VALUE (20095%) Actual
Benefits $34,110,010
Costs $26,318,553
Net Benefits $7,791,457
BCR 1.30

2.1. Notable Program Activities in FY 2015

ELIRP has continued to show year over year improvement in FY 2015. The program
reached its highest level of spending and resultant energy savings during FY 2015, as it
achieved $7.8 million present value of benefits (2009%) since inception. The program's cost
effectiveness continued to trend upwards from 1.26 BCR at the end of FY 2014 and reached
a cumulative BCR of 1.30 hy the end of FY 2015,

Closed Limited Cases5

In FY 2015, ELIRP experienced a rise in closed limited cases, growing from 43 percent in FY
2014 to 50 percent in FY 2015. This high proportion of closed limited cases is responsible
for the greater number of total projects closed than originally projected, as closed limited
cases cost less on average than comprehensively closed cases. PGW attributes the rise to an
increased focus by Conservation Service Providers (“CSP”) to seek greater cost-
effectiveness by installing only core measures when the price of comprehensive
weatherization was cost ineffective. There were two main causes for the increase of cost
ineffective projects.

First, health, safety or structural issues required costly pre-treatments in many homes
before weatherization could occur, thereby driving up the project cost. Although many of
the issues are comman to the Philadelphia housing stock, in FY 2015 CSPs continued their
commitment to using cost effectiveness as a deciding factor when planning projects. The
second - related - reason is that many of the highest usage cases have already been treated

5 The Closed Limited status is a designation lor cases that receive only core measures (thermostat,
low-flow devices, pipe wrap] at the time of the audit, as comprehensive measures can not be
performed due to health and safety issues, and/or work is not cost-effective, though some savings
are still possible through the identified low-cost measures.

PGW EnergySense



Annual Repore: FY 2015

in ELIRP. The average pre-heat usage for cases treated in 2015 was 138 MMBtu, compared
to 160 MMBtu in 2011. While there are still many savings opportunities available, some
measures, particularly heater installations, are not as cost-effective on lower-usage homes.

These CSP decisions have been guided by PGW’s bi-annual evaluations which allocate
funding based on CSP performance on various metrics including cost-effectiveness. Overall,
this practice has improved CSP performance and produced a greater return on investment
for ratepayer funds.

Quality Assurance

PGW had 149 cases inspected by a third-party inspector in FY 2015. Two different
inspection companies performed this work in 2015, as PGW issued a Request for Proposals
(“RFP"} mid-year and selected a new firm. The scope of work for the current inspection firm
includes several items that PGW feels are important in ensuring work quality, which are
influenced by the 3 party program evaluation. These include:

¢ Shadowing of energy audits to ensure testing is done correctly and CSPs are
communicating effectively with customers. Nine audits were shadowed.

¢ Enhanced QA activities performed on a sample of all inspections, including blower
daor test and zonal pressure diagnostics, and infrared scans to evaluate insulation.
11 of the 140 inspections were enhanced QA.

» In-field and classroom mentoring and training

In 2015, cases were targeted for inspection randomly based on certain criteria:

e high and low percentage savings;
s small and large air sealing blower door reductions; and
» specific measure combinations.

PGW has updated its inspection protocols to be more stringent and deduct more points for
infractions, encouraging CSPs to capture all cost-effective savings opportunities, reduce
health and safety issues, and improve work quality. The average inspection score was 91
percent. This is a decrease from last year’s average of 97 percent, due in part to the newer
more stringent standards. The inspection score average since program inception is 94
percent.

The new inspection process reflects a shift in using inspections as a tool for improving CSP
performance. In past years, inspections had been more concerned about "what” went
wrong. There is now more focus on the “how” and "why,” as well as steps to improve in
future. There is more discussion among all stakeholders about inspection findings, and
these trends inform trainings and program updates.

Table 9 details the types of inspections performed by fiscal year, As mentioned above, PGW
refined its inspection strategy to conduct two new types of quality assurance practices,
enhanced inspections, and shadowed audits and jobs. In previous years, the inspector
counted mentoring as the amount of time that he or she instructed a CSP during the in-
home inspection. Since this instruction is woven more comprehensively into shadowed and

PGW LnergySense
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enhanced inspections, as well as follow-up from inspections, PGW discontinued its practice
of tracking mentoring hours as a standalone metric as was previously done.

TABLE 9. ELIRP ANNUAL AUDITS AND ON-SITE MENTORING

Shadowed

‘ Fiscal Year - Standz?rd Enham‘:ed J— Hours .of
Inspections || Inspections Mentoring
Jobs

2011 44 N/A N/A 22.5
2012 140 N/A N/A 28.5
2013 131 N/A N/A 23
2014 268 N/A N/A 9
2015 129 11 9 N/A

| Inception to Date 712 11 g9 83

Database Updates and Savings Validation

PGW has continued to improve its database to address issues identified, introduce new
controls to ensure accurate data input, and develop new modules to make the tool more
useful. In FY 2015, PGW completed several projects to identify and make improvements
in its tracking system. The changes resulted in an increase of 88,236 lifetime MMBtu
savings, approximately two percent of lifetime savings to-date. The projects included
the following changes:

* Re-calculating savings for cases that were opened to indicate the ELIRP project
has begun more than once in PGW's database, causing complications with cases’
pre-usage data. For example, the same home assigned as multiple cases at
different periods may have had the incorrect pre-usage data-point applied to the
project performed. Similarly, a separate database design issue that allowed CSPs
to open a case twice by double-clicking fast.

s (5P data entry errors identified as anomalies and corrected with revised inputs
from the CSPs. Examples of these issues include: reversed pre and post values
for measures, missing digits (e.g., AFUE of 9 percent instead of 90 percent),
savings incorrectly claimed for the energy audit blower door when actual air
sealing wasn't performed, and heater repair measures that incorrectly claimed
savings as heater replacements.

» Corrected a savings calculation error that undercounted the lifetime savings for
bailer replacements due to an incorrect measure lifetime entry. The error had
reduced the boiler measure to a lifetime of 20 instead of 25.

PGW has established a new protoco) to identify and correct data anomalies on a regular
basis, and will continue to quality-check the program data to improve accuracy going

forward.

Through the process of updating the DSM database, PGW identified the need to update

its assumptions for the heater repair measure. Heater repairs are primarily performed
8
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for health and safety reasons to lower carbon monoxide and enable CSPs to perform air

sealing.

From inception to date, PGW has assigned a measure lifetime of 15 years to the heater
repair measure, the furnace replacement measure. After conducting a best-practice
analysis, PGW determined that this measure lifetime exceeds the lifetime used in other
jurisdictions. Effective for all new cases opened after January 1, 2016, PGW will update
the measure lifetime for this measure to two years (See Appendix B in Section 9 lor the
updated TRM entry). This measure does not contribute a significant portion of program
savings, so the change is expected to only have a minor impact on the program’s cost-

effectiveness.

PGW [EnergySense
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3. Residential Heating Efficiency Rebate Program

The Residential Heating Equipment Rebates program offers prescriptive rebates on
premium efficiency heating equipment to increase the penetration of these technologies in
the homes of PGW's customers. The program has the following objectives:

« Promote the selection of premium efficiency furnaces and boilers at the time of
purchase of residentially-sized gas heating equipment.

¢ Increase consumers’ awareness of the hreadth of energy efficiency opportunities in
their homes, '

s Strengthen PGW's relationship with customers as a partner in energy efficiency.

» Encourage market actors throughout the supply chain to provide and promote high
efficiency options.

« Align incentives with other programs,

* Aid in market transformation towards highest-efficiency options.

TABLE 10. RHER ResuLTs FORFY 2015

. FY 2015
Actual %
PARTICIPATION
Rejected Applications 84
Approved Applications 1,018 1,352 75%
Total Applications 1,102
COSTS (Nominal)
Non-Incentive Spending $58,543 $91,000 64%
Administration and Management §-
Marketing and Business Development $-
Contractor Costs $53,854 $48,000
Inspection and Verification $4.,580 $8,000
On-site Technical Assessment $-
Evaluation $109 $35,000
Customer Incentives $715,848 $1,054,520 68%
Total Program Spending $774,391 $1,145,520 68%
Participant Cosls $928,670
Total Costs $1,703,061
SAVINGS
First Year BBtu 13.0 20.1 65%
Lifetime BBtu 2783 431.7 64%
Virst Year kWh 165,900
Lifetime kWh 3,318,000
MEASURES
Furnaces 829
Boilers 189
Programmable Thermostats 436

PGW EnergySense
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TABLE 11. TRC COST-EFFECTIVENESS RESULTS FOR RHER FROM INCEPTION THROUGH
FY 2015

Present Value (2009%) Actual

Benefits $6,745,039
Costs $4,331,175
Net Benefits $2,413,864
BCR 1.56

3.1. Notable Program Activities in FY 2015

In FY 2015, applications from landlords and developers continued to be a large part of the
program, consisting of 42 percent of all heater rebates. The projects ranged in sizes from
the largest project, a 100-unit housing complex, to small and medium sized buildings
between 5 and 20 units. PGW attributes this trend to increased marketing activity and
engagement with this audience through other programs. In some cases, the landlord or
developer sought grants under EnergySense Efficient Construction Grant or Efficient
Building Grant programs, but did not meet the programs’ savings requirements despite
installing high efficiency heaters. Rebate activity since inception by month is detailed
further in Figure 1.

FIGURE 1. REBATE ACTIVITY SINCE INCEPTION

Heating Equipment Rebates Per Year
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In FY 2015, the greatest sources of applications continued to he HVAC technicians and
plumbers, as shown in Table 12. PGW continued its outreach to these trade allies through
activities similar to those conducted in previous program years, and as a result more than
half of applications were referrals from this source.

PGW [EnergySense
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TABLE 12. SOURCE oF RHER REFERRALS FROM INCEPTION THROUGH FY 2015

. Source Percentage _

Community Event 1%
Family / Friend 11%
Contractor / Supply House 60%
Internet / PGW website 13%
Newspaper Ad / Article 1%
PGW Rep 3%
PGW Gas Bill 10%
TV & Radio Ads 190

Quality Assurance and Verifications

There were 45 on-site rebate verifications performed in 2015, accounting for four percent
of all rebate projects, exceeding our program goal of three percent. Projects were selected at
random for verification. Multifamily projects with more than six submissions were also
flagged to receive on-site verifications for a small sample of units. No discrepancies were
found through verifications. ‘

PGW's quality assurance policy of cross-checking RHER applicants with those who received
HVAC upgrades in the Home Rebates Program identified that one customer received funds
through both programs. PGW contacted the customer and successfully had the funds
returned. PGW is working to automate this process to allow the rebate processor to more
easily cross-check grant and rebate recipients.

Revised Incentive Design

PGW developed a revised incentive tier that went into effect at the beginning of FY 2015 on
September 1, 2014. This was done to make projects cost-effective under the updated EFLH
assumptions (revised in the most recent TRM update, informed by the 3-party RHER
impact evaluations) that reduced projected gas savings per unit installed, PGW also defined
rebates based on “project,” as installations at a single building address by the property
owner, manager or developer. This revision was intended to better align RHER with the
incentive levels of other EnergySense programs.

Measure ) ; First,Rebate‘Per-Proiect Additional E'tebates
) . e Per-Project

Natural Gas Furnace 94% AFUE $500 $250
Natural Gas Furnace 949 AFULE, BFM Fan $500 $250
Natural Gas Water Boiler 94% AFUE $1,500 $800

The incentive changes did not result in a reduction in participation, as the program
continued to exhibit year over year growth in FY 2015. The changes did, however,
successfully reduce potential negative gas administrator cost effectiveness impact of the
smaller units found in multifamily buildingé;. Furthermore, the changes [acilitated better
incentive alignment with PGW’s Efficient Construction Grant and Efficient Building Grant

programs for the purpose of fostering comprehensive projects with greater savings over
12
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single equipment replacements. The alignment offers customers the RHER incentives as a
minimum award, which can be increased by proceeding with a more comprehensive project

in the grant programs. PGW will continue to track these issues and consider further changes
if warranted.

13
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4. Efficient Building Grants Program

The Efficient Building Grants program promotes natural gas energy efficiency retrofit
investments by PGW’s multi-family residential, commercial, and industrial customers. The
program provides technical assistance and customized financial incentives of up to $75,000
for cost-effective gas-saving investments including high-efficiency heating system
replacements, improved system controls, and building thermal performance enhancements.
The program also helps participants arrange financing for the balance of project costs
through partnerships with third-party lenders. The program has the following ohjectives:

» Save natural gas through cost-effective energy efficiency retrofit projects.

* Make comprehensive energy-efficiency retrofits affordable by combining
customized financial incentives with third-party financing to provide participating
customers with immediate positive cash flow.

s Promote a better understanding of energy efficiency options available to PGW's
nonresidential customers.

TABLE 13. EFFICIENT BUILDING GRANTS PROGRAM ACTIVITY FOR FY 2015

FY 2015
Actual
PARTICIPATION
Applications 21
Incentive Agreements Issued 6
Customer with Installations 10 18 56%
COSTS (Nominal)
Non-Incentive Spending $53,011 $190,969 28%
Administration and Management $- $-
Marketing and Business Development $- $-
Contractor Costs $18,657 $120,831
On-site Technical Assessment $- $20,138
livaluation $34,354 $50,000
Customer incentives $162,801 $345,589 47%
Total Program Spending $215,811 $536,558 40%
Participant Costs $339,896 $275,222
Total Cost £555,707 $811,780 69%
SAVINGS
First Year BBtu 4.8 8.2 59%
Lifetime BBtubé 111.4 151.0 74%
lirst Year kWh 109,513
Lifetime kWh 2,035,203
Summer Peak Demand kw 721

6 Projected lifetime gas savings was closer to the goal than first-year gas savings because the project
mix included tended towards measures with lifetimes longer than originally projected.
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First Year Water (Million Gallons) 0.30
Lifetime Water (Million Gallons) 2.82

TABLE 14. COST-EFFECTIVENESS RESULTS FOR EFFICIENT BUILDING GRANTS FROM
INCEPTION THROUGH FY 2015

Present Value (2009%)

Benefits $1,316,198
Costs $947,247
Net Benefits $368,951
BCR 1.39

4.1. Notable Program Activities in FY 2015

Project Timelines

PGW received 21 applications from landlords, business owners, and trade allies, nearly two-
thirds of which came during the first half of the fiscal year. Ten Efficient Building Grant
projects were completed during the year, including several that were initially applied for
during previous fiscal years.

PGW has previously reparted on long lead times for Efficient Building Grant projects to
proceed from an application to a completed project ready for payment. In FY 2015, the
average time elapsed between application date and grant payment date increased even
further due to several projects completing that originally applied for the grant as much as
two and a half years prior to completion. From inception through August 2015, the Efficient
Building Grants project lifecycle from time of application to time of grant payment ranged
from 4 months to 25 months, with the average project taking about 8.9 months.

The timing is notable with respect to PGW'’s Phase [l extension proceeding. As PGW neared
the end of FY2015, applications tapered off because customers were tuncertain whether
their project would be completed in time to receive an Efficient Building Grant. Efficient
Building Grant projects are typically discretionary and as discussed above, can take a
significant amount of lead time for the customer to plan the project and obtain all necessary
approvals and are frequently dependent on the PGW grant to proceed. This contrasts to
projects in the Efficient Construction Grant program, which are not dependent on the PGW
grant to proceed, but use it to improve the efficiency of projects already underway. The DSM
Bridge Order eased some of the concerns about grant availability for projects slated to close
later in the year, but customers were often unwilling to risk applying for the program with
project timelines that could potentially extend beyond the approval horizon.

Multifamily Trend

[n 2015, PGW continued to see strong participation in Efficient Building Grants program
from multifamily property owners, as shown in Table 15, likely due to the early program
targeting. These multifamily projects were relatively small compared to the program’s
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targeted average commercial and industrial project savings and incentive sizes, resulting in
a decreased amount of incentive funds issued and savings achieved as compared with initial
projections. Although these projects were comprehensive and cost-effective, the net
benefits were relatively low due to the relatively low natural gas consumption at the
properties, ‘

TABLE 15. EFFICIENT BUILDING GRANTS PARTICIPANT SUMMARY

Multi-family 8 23 92%

Commercial 2 2 8%

Industrial 0 0 0%
Total 10 25

A review of the program’s application activity in Table 16 shows a far greater diversity in
building types than the program participants. PGW believes this to be due to hurdles
experienced by small business owners and commercial buildings when planning an energy
efficiency retrofit project. Some common hurdles to converting commercial applications
include owner access Lo financing, and competing priorities of huilding owners.

TABLE 16. EFFICIENT BUILDING GRANTS APPLICANT SUMMARY

[ Customer Type -] [ Percent To-Date_|
Multi-Family T 13 ' 37 54%
Comrmercial 5 26 38%
Industrial 0 3 4%

Other 3 3 4%
Total 21 69

Evaluation Findings

PGW has completed the third-party impact evaluation on the Efficient Building Grant
program’s activities from its inception in September 2011 through February 2014 including
analysis of actual gas usage reductions. The evaluation found significant project-level
savings among the eight projects reviewed, averaging 53 percent of pre-treatment gas
usage. Individual project savings ranged from six to 62 percent of pre-treatment usage, and
most projects had at least 30 percent savings. At the measure-level, the evaluator found
HVAC, hot water and low-flow fixtures to contribute the most to the total estimated savings,
a combined 76 percent. Other measures such as insulation and air sealing contributed only
marginally to the total estimated savings.

Although the impact evaluation showed that projects in the Efficient Building Grants
program achieved high savings, the levels were slightly less on average than PGW's initial
projections. Overall, the projects achieved 93 percent of the calculated savings that were
projected using PGW’s TRM assumptions. The realization rates ranged from 21 percent to
123 percent. Differences in realization rates across projects did not appear to be explained
by differences in the types of measures installed or the percent of projected savings from

16
PGW EncrgySense



Annual Report: FY 2015

certain measures. However, a quantitative analysis of the differences could not be
implemented due to the small sample sizes and so the Evaluator did not recommend
making any updates to the TRM assumptions due to the small sample size of just eight
projects reviewed. PGW will continue performing biennial impact evaluations on all DSM
programs, including Efficient Building Grants. In future evaluations, PGW will have a larger
sample size and more closely analyze the impact of individual measures to determine what
modifications to PGW's TRM may he necessary to align actual savings with the projected

savings.

Despite the lower savings than expected, the Efficient Building Grants program was found
to be highly cost-effective. According to the savings estimated by the evaluator through its
hilling analysis, all but one project was cost-effective, with project cost-effectiveness
ranging from 0.68 to 7.42 BCR. Overall, the cost-effectiveness ratio weighted by total project

cost was projected to be 2.27,

The impact evaluation found PGW to be very proactive in reaching out to customers and
successfully recruiting multifamily building owners to participate in the program. Althaugh
the program did not reach original participation goals, the Evaluator recognized PGW’s
success in meeting the program design goal of targeting comprehensive projects. The
Evaluator recommended that PGW continue to work with customers who are discussing
single-measure upgrades to expand their project into a comprehensive approach, a tactic
PGW employed during FY 2015 in its business development activities.
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5. Commercial and Industrial Equipment Rebates

The Commercial and Industrial Equipment Rebates Program (“CIER") issues prescriptive
rebates on premium efficiency gas appliances and heating equipment to increase the
penetration of these measures in the facilities of PGW nonresidential customers, The
program has the following objectives:

s Promote the selection of premium efficiency models at the time of purchase of
commercial- and industrial-sized gas heating equipment.

« [ncrease business customers’ awareness of the breadth of energy efficiency
opportunities in their properties.

s Strengthen PGW’s relationship with business customers as partners in energy
efficiency. '

« Encourage market actors throughout the supply chain to provide and promote high
efficiency options.

¢ Align incentives with other programs.

¢ Aid in market transformation towards highest-efficiency options.

Eligible customers use certified contractors to install the premium efficiency equipment and
receive cash rebates to offset most of the incremental cost of the higher efficiency
equipment.

TABLE 17. CIER RESULTS FOR FY 2015

FY 2015
PARTICIPATION?
Rejected Claims 19
Completed Claims 71 144 49%
Total Claims 90
COSTS (Noininal)
Non-Incentive Spending® $107,533 $101,200 106%
Administration and Management $- $-
Marketing and Business Development $- $-
Contractor Costs $48,493 $60,000
Inspection and Verification $1,284 $1,200
On-site Technical Assessment $- -
Livaluation " $57,756 $40,000
Customer Incentives $250,915 $236,592 106%
Total Program Spending $358,448 $337,792 106%
Participant Costs $111,912 $91,614
Total Costs $470,360 $429,406 110%

7 A claim is a rebate request for ane piece of equipment. Because applications can have claims for
multiple pieces of equipment, metrics for this section are based on claims.

The CIER non-incentive costs exceeded projected costs due to PGW's decision to gather additional
data through the program evaluation than originally anticipated. The study will inform future
program design decisions.
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SAVINGS®

First Year BBtu - 14.5 10.1 1449
Lifetime BBtu 281.1 156.4 180%
First Year kWh 28,598

Lifetime kWh 428,970

Summer Peak Demand kW 8.9

First Year Water (Million Gallons) 1.64

Lifetime Water (Million Gallons) 16.84

MEASIJRES

Commercial Heating Boilers 33

Commercial Hot Water Heaters 13

Commercial Gas Convection Oven 3

Commercial Fryer

Commercial Gas Steam Cooker 1

Custom Equipment 13

TABLE 18. CoST-EFFECTIVENESS RESULTS FOR CIER FROM INCEPTION THROUGH FY
2015

Present Value (2009%)

Benefits $1,771,242
Costs $643,039
Net Benefits $1,128,203
BCR 2.75

5.1. Notable Program Activities in FY 2015

The CIER program had its most successful year to-date in FY 2015 with 71 installations,
resulting in PGW exceeding its customer incentive budget by $14,323.10 Although
participation was below program goals, the projects that were incentivized received larger
rebates than projected so PGW's goals were achieved by incentivizing fewer participants.

The rise in CIER spending was largely due to the nearly $95,000 spent on custom rebates in
FY2015, 38 percent of the total CIER customer incentive expenditures. The custom rebate
projects consisted of nine fow-flow fixture projects in multifamily facilities, one commercial
energy management system project, and an infrared heater installation. The infrared heater
project, which received a $75,000 rebate, was PGW’s largest custom rebate project to-date.
Due to the success of this project, PGW plans to explore promoting infrared heating
equipment in future program years.

A
9 PGW's CIER program savings tracking has been expanded to include kWh and kW savings resulting
from a custom equipment rebate project.

10 As PGW maintains the ability to reallocate funds between programs as long as the overall portfolio

budget vemains within the budget cap approved by the Commission, other incentive funding was
shifted
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The CIER boiler rebates offer also had its most successful year to-date, with $122,800 in
rebates issued for 33 boiler installations. This trend resulted in gas savings exceeding
projections, as commercial boilers achieve greater savings than other measures in CIER. In
FY 2015, the gas savings achieved 144% of the first-year savings goal and 180% of the
lifetime savings goal.

[n prior program years the majority of boiler installations occurred in multifamily buildings.
In FY 2015 only 30 percent of installations took place in multifamily buildings, while 52
percent occurred in office buildings. This shift confirms PGW's strategy of improved
targeting of the business community in FY 2014 and FY 2015 to expand the participant base
to other commercial building types beyond multifamily.

In FY 2015, PGW launched a new offer for ENERGY STAR® certified commercial hot water
heaters, which resulted in 13 rebates over the course of the year. Program participation
continued to grow in FY2015 due to an increase in boiler rebates, custom rebates, and the
new hot water heater rebate product category. The commercial food service category
experienced a decline in rebates issued due to elimination of the ENERGY STAR®
commercizal gas convection oven category, which was previously the most popular
equipment in this rebate category. Figure 2 provides a summary of annual rebate issuance
activity for the CIER program.

FIGURE 2. CIER REBATE ISSUANCE ANNUAL ACTIVITY

30

70

60
50

40

30

20 A

10

FY 2013 FY 2014 FY 2015

@ Boilers MCFS Equipment DOSteam Traps @ Hot Water Heater [ Custom Rebates

Evaluation Findings and TRM Update

PGW has completed the third-party CIER impact evaluation on the program’s activities from
its first rebate in February 2013 through April 2014, including analysis of actual gas usage
reductions. The evaluation reviewed the savings of 13 customers that installed high
efficiency natural gas commercial boilers and six customers that installed high efficiency
natural gas commercial convection ovens. The evaluator noted that the precision of the
findings was not high, especially-in the case of the convection oven savings, due to this small
sample size. PGW will continue performing biennial impact evaluations on all DSM
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programs, including CIER. In future evaluations, PGW will have a larger sample size and
more closely analyze the impact of individual measures to determine what modifications to
PGW's TRM may be necessary to align actual savings with the projected savings.

The program was found to have been popular with both customers and contractors. Further
evaluation findings and conclusions are discussed in greater detail below.

A. Energy Savings

The impact evaluation found that the commercial boilers were estimated to achieve an
estimated 13.3 percent savings on average, or 4,194 Ccf. The estimated savings for
commercial boilers exceeded PGW's savings projections by 166 to 317 percent, depending
on the weather normalization imethod used. The disparity has been diagnosed as resulting
from under-estimating average equipment sizes and the Equivalent Full Load Hours
("EFLH"). PGW is filing a TRM update with this FY 2015 Annual Report to revise EFLH
assumptions upwards for commercial-sized boilers, which will make future projections
much closer to the estimated gas savings found through this impact evaluation.

Convection ovens were found to have no apparent savings, possibly due to the participating
customers sizing up equipment at the time of the upgrade, or the equipment going into
facilities that were recently converted for restaurant use. PGW discontinued its rebate offer
for convection ovens at the start of FY 2015 due to cost effectiveness concerns.

B. Program Design

The impact evaluation found incremental costs for both commercial food service equipment
and commercial-sized boilers to vary widely between the responses provided hy installers
and suppliers. The majority of participants, installers and suppliers found the rebate
amounts to be sufficient for boilers, though not large enough for food service equipment.
The evaluator recommended continuing to research incremental costs to ensure that the
program is covering the projected 80 percent goal.

In FY 2015, PGW revised its food service rebate levels based on a review of incremental
costs. Rebate levels for several products were increased to cover the 80 percent target. This
change may have been a factor in the increase in rebates for natural gas fryers in FY 2015.

The Evaluation also recommended considering additional rebate offerings, given the
barriers facing the existing high-efficiency. PGW agrees and is using its custom rebale
category to examine additional offerings for future program years. This rebate category
experienced significant growth in FY 2015, confirming the evaluation’s findings.

C. Marketing and Participation

CIER program participation was low during the period of this valuation. Activity trends
have improved to date, however participation still remains short of annual participation
goals. Based on their research, interview, and analysis within this impact evaluation, several
recommendations were offered for additional marketing opportunities to pursue, Some of
those recommendations are:
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Reach out to commercial and industrial contractors and sales staff so that they
are aware of the rebate programs available and can share the information with
CONSUIMETS.

Provide printed materials or electronic advertisements that installers and
suppliers can forward to their customers.

Link the PGW rebate website to a list of high efficiency installers and contractors
in the area.

Contact building management companies directly.

Build relationships with local trade and housing associations to personally keep
in touch about programs.

Advertise through monthly equipment publications or trade magazines.

Send out bill inserts, email advertising, or other media.

PGW agrees with many of the Evaluation’s conclusions, and is planning to move forward in
implementing several specific recommendations, such as online applications as part of its
DSM Phase II proposal.

D. Market Impact

The evaluator performed interviews with participants who received rebates, non-
participants who were interested in the program but did not proceed with a project, and
contractors who installed CIER equipment for customers. The survey results both helped
PGW assess effective marketing activities and identify opportunities for improvement.
Relevant survey results include;

[ ]

Overall, customers and trade allies alike were satisfied with the program.
Seventy five percent of suppliers surveyed were satisfied with the products
covered by the rebates. All participants found it very or somewhat easy to
participate and were very or somewhat satisfied with their new equipment. Fifty
percent of participants surveyed received direct assistance from PGW and
reported that PGW was very helpful.

The program needs to increase participation to have an impact on the market.
Suppliers stated that the program did not have an impact on their stocking
options because stocking is only based on demand. Currently, participation is
too low to have such an impact.

The program needs to increase outreach to impact customers who were not
otherwise focusing on the high-efficiency option. A number of participants
surveyed reported that they would have installed the high-efficiency option
regardless of the incentive. This troubling statistic suggests that PGW is not
reaching a broad enough swath of the market to drive participation among
customers who would otherwise not install high efficiency equipment. The
program needs to reach a broader audience and educate them about the benefits
of the high-efficiency alternative to move the unlikely high efficiency buyers into
the program.

PGW agrees with many of the Evaluation’s conclusions, and is exploring specific program
changes for its DSM Phase [l programming that will address the findings.
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6. Efficient Construction Grants Program

The Efficient Construction Grants program promotes natural gas energy efficiency in the
construction and gut rehab markets, both for residential and non-residential construction
projects. The program provides technical assistance and prescriptive financial incentives for
projects that exceed energy code design requirements. Incentives increase based on the
relative and actual amount of gas a project saves. The program has the following objectives:

e Save natural gas through cost-effective energy efficiency new construction and gut
rehabilitation projects.

¢ Promote a better understanding of energy efficiency options available in the new
construction and gut rehabilitation markets.

s Aid in market transformation towards highest-efficiency building and equipment
options.

TABLE 19, EFFICIENT CONSTRUCTION GRANTS PROGRAM RESULTS FORFY 2015

FY 2015
PARTICIPATION
Residential Applications 27
Commercial Applications 22
Applications Rejected or Withdrawn - 16
Customers with Installations 14 65 22%
Residential 12
Commercial 2
COSTS (Nominal)
Non-Incentive Spending $67,765 $83,402 81%
Administration and Management $-
Marketing and Business Development $-
Contractor Costs $40,770 $23,148
Inspection and Verification $1,346 $10,255
On-site Technical Assessment $-
Evaluation $25,649 $50,000
Customer Incentives $109,462 $214,389 51%
Total Program Spending $177,227 $297,761 60%
Participant Costs $- $106,887 0%
Total Cost $177,227 $404,679 44%
SAVINGS
Net Annual BBtu 5.7 3.7 154%
Net Lifetime BBtu 92.8 68.5 136%
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TABLE 20. COST-EFFECTIVENESS RESULTS FOR EFFICIENT CONSTRUCTION GRANTS FROM
INCEPTION THROUGH FY 2015

PRESENT VALUE

(20098) Actual
Benefits $632,194
Costs $313,707
Net Benefits $318,487
BCR 2.02

6.1. Notable Program Activities in FY 2015

The Efficient Construction Grant program received 49 applications, had 16 applications
withdrawn or rejected, and issued $109,462 in grants for 14 projects during FY 2015. The
program showed a significant increase in cost-effectiveness, ending the year with a 2.02

TRC BCR from inception through FY 2015.

FIGURE 3. EFFICIENT CONSTRUCTION GRANT PROGRAM APPLICATION ACTIVITY
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As Figure 3 above shows, the number of applications received increased slightly in FY 2015,
while the number of grants issued increased significantly due to projects applied for in prior
years being completed. Figure 4 above shows that participation in FY2015 was the highest
than in each of the previous two fiscal years combined. Much of this activity came from
customers who applied in prior program years, but whose projects weren’t completed until
FY 2015,

Two factors were critical to the program’s success in FY 2015, First, large commercial
multifamily project closed, which received an $84,300 incentive through a combination of
prescriptive rebates and the Efficient Construction Grant custom incentive award. This
project contributed to 88 percent of the FY15 first-year gas savings for PGW. The second
factor was the rise in single-family home participants, The improvements to the HECI
application process in FY 2014 resulted in many more single-family home developers to
provide the necessary documentation for their projects, and follow-through to receive the
Efficient Construction Grant.

Incentive Changes

Two changes to the grant calculation took effect for FY 2015 to improve cost-effectiveness
while maintaining a streamlined program delivery. First, in June 2014 just before the start
of FY 2015, the Efficient Construction Grant incentive calculation for single family homes
was updated. Customers continue to receive a minimum grant equal to the value of the
prescriptive rebate for all eligible heating equipment, aligned with RHER. In these instances,
the construction grant is scaled down based on the percentage of savings attributed to
equipment not covered by the prescriptive rebate. This prevents customers from receiving
double incentives for the same efficiency measure in a project.

The second change to grant calculations was the reduction to Residential Equipment
Rebates program rebates, adjusted to reflect smaller-capacity equipment in multifamily
buildings and homes with multiple pieces of heating equipment. Participants received a
reduced rebate amount for each additional piece of equipment installed after the first.

The combined effect of these changes was to protect and improve program cost-
effectiveness, while increasing participation to a greater number of projects than if the
grant funds were committed to fewer projects with larger incentives. PGW is currently
reviewing its grant calculation protocols to determine if further changes are necessary to
ensure that the grant levels are aligned with the estimated incremental cost of each project.
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7. Home Rebates

The Home Rebates program offers performance-based incentives to PGW'’s residential

customers who implement whole-home energy efficiency retrofits. The program has the

following objectives:

* Save natural gas through cost-effective residential retrofits.

s Achieve reductions of 20 percent or more in annuai gas heating consumption on

average among all participants.

o Promote better understanding of energy efficiency options available for the

residential market.

TABLE 21. HOME REBATES RESULTS FOR FY 2015

Lifetime kWh

PARTICIPATION
Audits 273
Completed Jobs 118 652 18%
COSTS (Nominal)1t
Non-Incentive Spending $260,423 $289,000 90%
Administration and Management $-
Marketing and Business Development $-
Contractor Costs $260,423 $239,000 109%
On-site Technical Assessment ¥
Evaluation $- $50,000 0%
Incentives $149,312 $1,111,000 13%
Total Program Spending $409,735 $1,400,000 29%
Participant Costs $328,490 $2,226,823
Total Cost $738,225 $3,626,823 20%
SAVINGS
First Year BBtu 2.6 17.7 15%
Lifetime BBtu 75.8 453.7 17%
First Year kWh 33,308
1,048,806

1 Due to a low program participation rates during the first program year, PGW has postponed the

planned evaluation to a future program year to ensure an adequate sample size for the impact

cvaluation.
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TABLE 22. COST-EFFECTIVENESS RESULTS FOR HOME REBATES FROM INCEPTION
THROUGH FY 2015

PRESENT VALUE ‘ Actual
(2009%)
Benefits £1,235,658
Costs $1,708,724
Net Benefits $(473,066)
BCR 0.72

7.1. Notable Program Activities in FY 2015

The Home Rebates program was not cost-effective in 2015, though it continues to make
incremental positive trending as shown by the fact that the program BCR improved from
0.70 in FY 2014 to 0.72. Individual customer projects are cost-effective, demonstrating net
benefits since inception of $165,000, with a BCR of 1.14. The primary issues affecting
overall program cost-effectiveness continues to be high overhead costs necessary in
administering the program, combined with low participation levels.

Participation decreased in 2015 compared to 2014 levels, in part because the highest

. performing contractor withdrew from the program in mid-FY 2015, as discussed below.
Although the overall participation dropped mid-year, activity trended upward at the end of
the year due to marketing activities discussed helaw. PGW aims to reach cost-effective
levels given sufficient program activity. However, these levels have not yet been reached,
and Future forecasts will be dependent upon program continuation past FY 2015, currently
under review within the PGW DSM Phase Il petition to the PUC.

FIGURE 5. HOME REBATES PARTICIPATION BY FISCAL YEAR
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PGW's updates in FY 2015 were related to increasing proactive lead generation and new
marketing initiatives, changes in participating CSPs, and efforts to increase customer
participation.
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Conservation Service Provider Changes

PGW added two new CSPs to the program mid-year, chosen through a competitive RFP,
with the poal of increasing program participation. While participation and savings figures
did not exceed 2014 levels for other reasons explained below, the addition of these two
firms was positive for the program. Both firms added proactive lead generation activities. [t
also increased competition among CSPs and allowed PGW to assign more pragram-
generated leads to thase with the greatest capacity and ability to perfarm work.

The program faced a significant challenge when the largest and most active CSP closed
operations and ceased participating in the program in FY 2015. The CSP was responsible for
the majaority of Home Rebates projects from inception until it closed operations in January
2015. The loss resulted in reduced program activity of CSP-generated leads, and led to
increased brogram administrative costs in addressing customer concerns and working with
other active CSPs in reassigning work.

Program Updates

PGW and its Program Administrator made several improvements throughout the year to
streamline program delivery, improve CSP performance, and increase customer
participation. Notable program management activities included:

» Implementing an online Rehate Tracker tool, allowing customers to view the status
of their rebate and estimated payment time

+ ldentifying entities that finance energy and home repair projects, for CSPs to refer to
customers in hopes of attracting more customers that couldn’t otherwise afford
projects

e Program trainings and improved documentation processes regarding multi-boint
blower door use, and health and safety issues

Marketing Activities

PGW'’s FY 2015 marketing activities consisted of a strategic multi-layer approach consisting
of the following activities:

e A $500 Limited Time Offer ("LTQ") to create a sense of urgency in marketing the
program to new leads and help CSPs convert old leads.

¢ A pilot thermal imaging campaign that offered a custom thermal analysis report to
PGW'’s customers identified as the best candidates for Home Rebates projects.

* A press event to build awareness of the innovative thermal imaging campaign and
highlight the innovative technology.

s Advertisements and promotion through to build awareness of the program.

» Neighborhood blitzes consisting of localized marketing activities and presentation
Lo generate quality leads and have one-on-one conversations.

The most successful new marketing tactic PGW emplayed in Y 2015 was the launch of the
LTO for an increased rebate amount. The L.TO offered an additional rebate of $500 to
customers who signed contracts between July 1 and August 31, 2015 to have over $2,500
worth of energy savings measures and complete the project within 45 days. This effort was
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successful, with 26 contracts signed during this period, though most projects will be
completed in FY 2016.

PGW launched its pilot thermal imaging campaign in summer 2015 that offered customized
thermal reports to 2,500 targeted customers. Letters were mailed to leads explaining the
program and giving customers the opportunity to opl-in to receive a custom thermal image
report showing the air leakage and insulation deficiency of the home, and an estimated
dollar figure for how much they could save through a Home Rebates Project. The customers
were also offered to have this report delivered by a program CSP who would perform a free
walk-through assessment. Although initial response rates were lower than anticipated,
PGW plans to continue outreach to these customers in through letters, outbound calls and
door-to-door canvassing,

In addition to the new initiatives discussed above, PGW continued its neighborhood blitz
campaign in four targeted neighborhoods. This campaign included posting flyers at
businesses on local “main streets,” making presentations at community meetings and
enrolling leads, canvassing homeowners, targeted advertising and earned media. The goal
of this effort is to create market awareness so to generate customer familiarity with the
program at the same time that CSPs and program representatives are directly targeting
neighborhoods with active lead generation activities.
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8. Appendix A. Cost Recovery Reconciliation

TABLE 23. USC CosT RECOVERY (SEPTEMBER 2014 THROUGH AUGUST 2015)

usc Monthly Cumulative
Applicable usc Revenue usc Over/(Under)  Over/(Under)
Month Yolumes Charge Billed Expenses Recovery Recovery
FY 14 Reconciliation $1,338,927
September 2014 Actual 1,120,161 $1.6753 $1,876,606 5(1,754,620) 33,631,226 54,970,153
October Actual 1,410,747 $1.4642 $2,065,616 $(942,460) $3,008,076 $7,978,229
November Actual 3,310,333 $1.4642 $4,846,990 $4,575,714 $271,276 $8,249,505
December Actual 6,897,688 $1.2795 $8,825,247 $12,729,386 $(3,904,139) $4,345,366
January 2015 Actual 8,801,725 $1.0947 $9,635,248 $17,122,367 $(7.487,119) ($3,141,753)
February Actual 10,263,513 $1.0947 $11,235,468 $17,584,237 $(6,348,769) ($9,490,521)
March Actual 9,449,687 $1.1688  $11,044,321  $15870,152 ${4,825,831) (814,316,352)
April Actual 5,403,643 $1.2428 $6,715,647 $8,761,072 $(2,045,4235) ($16,361,777)
May Actual 2,187,660 $1.2428 $2,718,861 $2,525,245 $193,616 {$16,168,161)
June Actual 1,308,732 $1.3665 $1,788,382 $(650,004) $2,438,386 ($13,729,775)
July Actual 1,125,749 $1.4502 $1,677,591  $(1,321,068) $2,998,660 (510,731,116)
August Actual 1,060,296 $1.4902 $1,580,053 $144,845 $1,435,209 ($9,295,907)
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Appendix A: Cost Recovery Reconciliation

TABLE 24. USC EXPENSES (SEPTEMBER 2014 THROUGH AUGUST 2015)

USC Expenses Sep-14 Oct-14 Nov-14 Dec-14 Jan-15 Feb-15
ELIRP Expense . $48,393 $51,212 $455,885 $585,451 $973,868 541,296
ELIRP Labor $12,683 $16,517 319,264 $19,228 $24,220 $18,865
CRP Discount $(2,424,508) $(1,659,774) - $3,235,642 $10,852,045 514,662,334 $16,019,680
CRP Forgiveness $469,489 $478,214 $456,177 $498,830 $515,397 $493,063
Senior Citizen Discount $139,322 $171,372 $408,745 $773,832 $946,548 $1,011,334
Bad Debt Expense Offset* $- $- $- $- $- 8-
Total $(1,754,620) $(942,460) $4,575,714  $12,729,386  $17,122,367 $17,584,237
Mar-15 Apr-15 May-15 Jun-15 Jul-15 Aug-15

USC Expenses (Revised) s

ELIRP Expense $1,124,411 $826,183 $823,808 $618,920 $538,229 $2,038,095
ELIRP Labor $16,049 $10,287 $12,857 $10,318 $12,555 $11,198
CRP Discount $13,316,092 $6,842,300 $825,635 $(2,030,043) $(2,566,295) $(2,588,072)
CRP Forgiveness $560,325 $562,347 $607,513 $615,562 $585,316 $574,178
Senior Citizen Discount $853,275 $519,955 $255,432 $135,241 $109,127 $109,446
Bad Debt Expense Offset* $- $- S- $- 8- $-
Total $15,870,152 $8,761,072  $2,525,245 $(650,004) $(1,321,068) $144,845
USC Expenses Total
ELIRP Expense $8,125,752
ELIRP Labor $184,041
CRP Discount $54,485,035
CRP Forgiveness $6,416,409
Senior Citizen Discount $5,433,628
Bad Debt Expense Offset* $-
Total $74,644,866

*Bad Debt Expense Offset Applicable When Actual CRP Participation Exceeds 84,000
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Appendix A: Cost Recovery Reconciliation

TABLE 25. EFFICIENCY COST RECOVERY SURCHARGE (SEPTEMBER 2014 THROUGH AUGUST 2015}

Residential & PHA GS
Actual Actual Actual Artua) Actual Artual Actual Achial Actual Actual Actual Actual
Sep-14 Oct-14 Nov-14 Dec-14 Jan-15 Feb-15 Mar-15 Apr-i3 May-15 jun-15 Jul-15 Aug-15

FY 2014 Over-
Collection $3,664,920
Volume Bitled 716,465 B91,401 2334,361 5,215.559 6,705,574 7,855,404 7,311,790 4,146,356 1,602,303 878,834 731,782 684,924
ECR Surcharge $(0.0154) $(0.0040) $(0,0040) $(0.0086) 5{0.0131) $(0.0131) 5(0.0135) $(0.0141) ${0.0141) $(0.0061) $0.0019 $0.0019
Revenue Billed ${11,034) $[3,566) 5{9.337) ${44,593) ${87,843)  ${10Z,906) $(99,440) ${58.4564) $(22,592) 5(5,361) $1,390 $1,301
RHER12 Expense 28,249 7.302 B0,490 91,172 137,874 {13.912) 91,278 24,868 42,712 95,823 29,614 177,747
RHER Labor 1,714 2,232 3,096 2598 3273 763 2,169 1,390 1,659 1,394 1,697 2318
HECI13 Expense 1,330 1408 104 10,920 3,705 13,499 11,475 11,023 22,948 7,655 7,739 (31,716)
HECT Labor 349 454 687 529 666 2,376 441 283 2,951 284 345 (2.050)
CRR1s Expense 8,915 9,434 54,628 23504 152,405 52,720 54,603 66375 47,150 50,700 54,943 108,908
CRR{ Laber 2,336 3,043 3,584 3,542 4462 3,520 2,957 1,895 2,347 1,961 2313 79
CIRI1S Expense 1,352 1431 (992) 2471 2,126 (9.183) 40,924 7,766 (35.681) 10,042 412 33,897
CIRI Labor 354 461 224 §37 677 (3.572) 448 287 (3.957) 288 351 (2.799)
CIER 6 Expense 263 141 [213) 252 3,088 931 2,264 549 (562) 2,224 191 (2.924)
CIER Labor 24 32 . 37 46 207 31 20 232 20 24 96
Total 544,887 $25,937 $141,608 $135,562 $308,322 $47,352 $206,589 $114,454 $79,848 $170,330 397,628 $283,353
Monthly $(55,921) $(29.502)  $(150,946)  $(1BO155)  $(396165)  S$(150.238)  $[306,029)  $(172.918)  $(102441})  ${175691) $(96,237)  §(282,252)
Over/{Under)
Cumulative $3,609,000 33,579,497 $3,428,551 53,248,396 $2,852,232 32,701,973 $2,395,944 $2,223,027 32,120,586 $1,944,895 $1,848,658 $1,566,406
Over/(Under)
12 Residential Equipment Rebate Program
13 Efficient Construction Grant Program
* Home Rebates Program
15 Efficient Building Grants Program
¥ Commercial and Industrial Equipment Rebates Program
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Appendix A: Cost Recovery Reconciliation

TABLE 26. EFFICIENCY COST RECOVERY SURCHARGE (SEPTEMBER 2014 THROUGH FEBRUARY 2015)

Commercial & PHA
COMMERCIAL & PHA
X Actual Actual Actual Actual Actual Actual Actual Actual Actual Actual Actual Actual
gjf&;‘og"”' $1,029,904  Sep-14 Oct-14 Nov-i4 Dec-14 Jan-15 Feb-15 Mar-15 Apr-15 May-15 Jun-15 Jul-i5 Aug-15
Volume Billed 364,948 470,450 856762 1461168 1822979 2080859 1838729 1,000,870 527,118 383.611 354,958 337,149
ECR Surcharge S(0.0058)  ${0.0013)  S$(0.0013)  S$(0.0040)  S[0.0066)  S${0.0066)  S(D.0070)  S(0.0074)  $(0.0074) $0.0062 30,0198 $0.0198
Revenue Bliled {2,098) (612) (1.114) (5.772) (12,032) (13,734) {12,871} {8,072) (3.901) 2378 7,028 6,676
RHER Expense 3,200 827 3232 10,327 15,616 71,075 10,339 2,817 (35386} 10,853 3,354 467
RHER Labor 154 253 (155) 204 7 2,128 246 157 110 158 192 (676)
CIRI Expense 2,069 2,190 1222 3,782 3,254 14,519 62,637 11,886 59.275 15370 631 27,903
CRI Labor 542 206 1147 822 1,036 4917 686 440 4873 441 537 3,597
CIER Expense 5,515 3,161 3,943 5,669 69,417 5,988 50,899 12,332 2,239 $0,803 4,284 49,927
CIER Labor 546 711 851 827 1,042 £21 650 443 334 444 540 [2,088]
HECI Expense 591 625 (792) 4,851 1,646 (8,415} 5,058 4,895 (14,322) 3401 3,438 144,940
HECIK Labor i35 202 60 233 296 {1,650) 1%6 126 [2,455) 126 153 2482
CRRI Expense - - - - - - - - - - - 42,923
CRRi Labor - - - - - - - - - . ; 2,009
Tatal 513,212 $8,674 59,507 $26,808 $92,678 $89,584  $130,790 $33.007 $14,867 580,796 $13,130  $271.483
Monthly $(15.311) $(9.286)  $(10.621)  $(32,579)  S$(104,710)  5(103318)  S(143.661)  S[41,169)  S(IB76B)  $(78BALT) ${6,101)  5(264,808)
Over/(Under)
Cumulative 31,014,594 $1,005,308 5094,687 $062,108 3857,399 $754,081 $610,419 $569,250 $550,482 $472,064 465,963 $201,155
Over/{Under}
33

PGW EnergySense




Appendix A: Cost Recovery Reconciliation

TABLE 27. EFFICIENCY COST RECOVERY SURCHARGE (SEPTEMBER 2014 THROUGH FEBRUARY 2015}

PGW EnergySense

Industrial

INDUSTRIAL Actual Actual Actual Actual Actual Actual Actual Actual Actual Actual Actual Actual
g]f:';?ng"’" $121,604  Sep-id Oct-14 Nov-14 Dec-14 Jan-15 Feb-15 Mar-15 Apr-15 May-15 Jun-15 [ul-15 Aug-15
Volume Bilted 31,238 37,1586 59,645 113,165 146,265 169,038 151,272 78,711 36,376 32,820 27,829 28,578
ECR Surcharge $(0.1374)  $(0.1307)  $(0.1307)  $(0.1310)  5{0.1312) $(0.1312) §5[0.1362)  §(0.1411)  $(D.1411)  $(0.0762)  $(0.0113) $(0.0113)
Revenue Billed $(4,292) $(4,856) §(7,796)  S(14819)  S(1%.190)  S(22.378)  $(20,596)  $(10.824) $(5,133) $(2.501) $(314) $(323)
RHER Expense - . . . - - - - - . - 2,413
RHER Labor - - - - - - - - - - . 75
CIRI Expense - - - - - - - - - - - -
CIRL Labor - - - - - - - - - - - -
CIER Expense - - - - - . - - - - 117,101
CIER Labor - - - - - - - - - - - 2,484
Total 8- 8- - S- 3- 3- 3 §- §- S- $- $122,074
Monthly $(4,292) $(4,856) 5(7,796) $(14,819)  $(19.190]  ${22,178)  $(20.596)  $(10,824) $(5.133) $(2,501) $(314)  $(122,397)
Dver/(Under)

Cumulative $:17,312 §112,456 $104,660 $89,841 $70,651 $4B,473 $27.878 $17,054 $11921 $9,420 $9,106 5(113,291)
Over/(Under)
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9. Appendix B. PGW TRM January 1, 2016

See attached document titled “Technical Reference Manual Measure Savings Algorithms
January 1, 2016."

RECEIVED

DEC 2 8 2015

PA PUBLIC UTILITY COMMISSION
SECRETARY'S BUREALU

PGW EncrgySensc
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Technical Reference Manual
Measure Savings Algorithms

ENERGYSENSE

“Your building, your savings.
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I. Residential Time of Replacement Market

A. Space Heating End Use

1) Efficient Space Heating System

Unique Measure Code(s): TBD

Draft date: 210711
Effective date:  TBD
End date: TBD

Measure Description
This measure applies to residential-sized gas furnaces and boilers purchased at the time of natural replacement. A

qualifying furnace or boiler must meet minimum efficiency requirements (AFUE),

Definition of Bascline Condition
The efficiency levels of the gas-fired furnaces or boilers that would have been purchased absent this or another DSM

program are shown in the following table.

Equipment Type Baseline AFUE
Gas Furnace 80%
Gas Boiler 80%

Definition of Efficient Condition
The installed gas furnace or boiler must have an AFUL greater than that shown in the table below. Efficient model

minimum AFUE requirements are detailed below.

Equipmeat Type Minimum AFUE
(Gas Furnace 94%
Gas Furnace with ECM Fan 94%
Gas Boiler 94%

Gas Savings Algorithms
MMBtu savings are reatized due to the increase in AFUE of the new equipment. MMRBtu savings vary by equipment

type due to differences in model specific baseline AFUE and high cfficiency AFUE percentages. Savings are
calculated from the baseline new unil 1o the installed efficient unit.

. 1 1
Capacitygu % ( ) X EFLHea

Annual Gas Savings (MMBtu) = 1000 AU g, - ATy,

Where:

Capacity g = Qutput capacity of equipment to be instalied (kBtu/hr)
1,000 = Conversion lrom kBlu to MMBtu
AFUEBgse = Efficiency of new baseline equipment {Annual Fuel Litilization Efficiency)

January 1, 2016
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AFPUE = Efficiency of new equipment
EFLH o = Equivalent Full Load Heating Hours (730 hours for furnaces, 854 (or boilers)’

Electric. Savings Algorithms

Electric energy savings result from cfficient furnace fans (ECM) that may be included with efficient furnaces.
Electrical savings from fan motor efficiency does not apply to boilers,

Energy Savings
AkWh =700 kWh

Demand Savings

AkW =0 kW
Where:
_ Gross customer annual kWh savings for the measure. Based on 500 kWh
AkWh = . :
heating scason plus 200 kWh cooling season.
AkW = Gross cusiomer summer load kW savings for the measure.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillover
(Gas Furnace 0% 0%
(Gas Furnace with ECM Fan 0% 0%
Gas Boiler 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime
Cras Furnaces 20
Gas Boilers 25

Source: Lifetime estimates used by Efficiency Vermont.

Water Savings
There are no water savings for this mcasure,

"EFLH based on adjustments applicd based on 2014 evaluation by APPRISE,

January 1,2016
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2) Programmable Thermaostat

Unique Measure Code(s): TBD

Draft date: 2017/
Effective date:  TBD
Lnd date: TBD

Measure Description
This is a programmable thermostat controlling a residential-sized gas furnace or boiler.

Definition of Baseline Condition

The baseline is a manual thermostat where each temperature setting change requires human intervention.

Definition of Efficient Condition
The cfficient thermostat is one that can be programmed (o automatically increase or lower the temperature setting at

different times of the day and week.

Gas Savings Algorithms

Annual Gas Savings (MMBtu) = SH,., X 5.3% = (81 - 30) X 5.3% = 1.53 MMBtu

Where:
SHpe = Space Meat MMBiu gas usage with manual thermastat
53% =  Percentage savings from programmable thermostat compared to manual thermastat®
81 = Typical PGW residential heating customer total gas usage in MMBiu.
30 = Non-space-heat gas usage in typical residence.’

Electric Savings Algorithms

If the type of air conditioning is known, then usc the appropriate algarithm below. I the type or existence of air-
conditioning 1s not known, then assume that 83% have air-conditioning and estimate the cooling savings as 83% ol a
house with central air conditioning.”

Reduced furnace fan or boiler circulator pump vsage is also likely to occur and provide electricity savings during
both the hieating and cooling scasons, but these auxiliary savings are not accounted for in the following algorithms.

Energy Savings

AkWh = AkWhAux [ Ak“’]lcom

AKWhau = Annual Gas Savings (MMBtu) X Auxiliary
AkWhega = 0 kW if house has no air conditioning

= AkWheae if house has central air conditioning
=0 if housc has room air conditioning
= 83% »x AkWhey il no information about air conditiener

2 Percent savings {rom CWP evaluations ol ECA thermaostat installations.

4 Non-space-heat usage assumption in New Jersey Clean Energy Program Protocols (December 2009).

1 Percentage of houses with air-conditioning trom EIA Table ACLxIs for Middle Atlantic region (PA, NY, NJ). From:
bitprfwww.eiadoe.goviemen/rees/rees2005/he2005_tables/detailed_tables2005, himil

January 1,2016
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AkWhCAC = CAPCOOL X

Deemed Savings:
AkWh = AkWh, + AkWh_., . (missing) = 7.7+ 77.1 = 84.8 kWh

o Btu_ 1 kWh
12,000 250 X Too0 wn

X EFLH x ESF,
FER;pqi % Ef fauct caot

AKWh,, = 1.53 X 5.02 = 7.7

AkWhe e (missing)

1l

83% X AkWhgac

12
= 0, —_— X . = .
§3% x 3 X (1) x 1032 x 002 = 77.1
Demand Savings
AkW =0 kW
Where:
AkWh = gross customer annual kWh savings for the measure.
AkW = gross customer summer load kW savings. for the measure.
CAPcooL = capacity of the air conditioning unit in fons, based on nameplate
capacity (see table below)
EERcooL = Seasonally averaged efficiency raling of the baseline unit . {see table
below)
Effauct = duct system efficiency (see table below)
ESFcoct = energy savings factor for cooling and healing, respectively (see table
below)
EFLH = equivalent full load hours
Residential Electric HYAC Calculation Assumptions
cbmponen'v T.y-peJ Value - Sources
CAPcooL Variable Nameplate data Contractor Data
Gathering
Default: 3 tons 1
EERcooL Variable Nameplate data Contractor Data
Gathering
Default; Cocling = 10 SEER 2
Default: Heating = 1.0 (electric furnace COP)
Effauct Fixed 0.8 3
ESFcool Fixed 2% 4
EFLH Fixed Philadelphia Coocling = 1,032 Hours 5
Sources:
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1. Average size of residential air conditioner.

2. Minimum Federal Standard for new Central Air Conditioners/Heat Pumps between 1890 and
2006.

3. New York Standard Approach for Estimating Energy Savings from Energy Efficiency Measures in
Commercial and Industrial Programs, September 1, 2009.

DEER 2005 cooling savings for climate zone 16, assumes a variety of thermostat usage patterns.

US Department of Energy, ENERGY STAR Calculator. Accessed 3/16/2009.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed (o be zero.

Equipment Type Free Ridership Spillover
Programmable Thermostat 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

Programmable Thermostat 15
Source: New lersey Clean Encrgy Program Protocols (December 2009).

Water Savings
There are no waler savings for this measure.

B. Water Heating End Use
1) Tankless Water Heater

Unique Mcasure Code(s): TBD

Draft date: 5/28/15
Effective date:  TBD
End date: TBD

Measure Description
This measure is an on-demand gas water heater.

Definition of Baseline Condition
The efficiency levels of the gas-fired stand-alone storage water heater (hat would have been purchased absent this or

another DSM program are shown in the following table.
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Equipment Type - Baseline EF
Gias Stand-alone Storage Waler Heater 0.615°

Definition of Efficient Condition
The installed tankless water heater must have an EF greater than that shown in the table below. Efficient model

minimum EF requirements arc detailfed below.

Equipment Type Minimum EF
Gas Tankless Waler Heater 0.82

Cras Savings Algorithms
The following formula for gas savings is based on the DOE test procedure for water heaters,

1 1 ) ;
T — =) % 41,045 x 365
(bi'BGSc IJI‘E”‘

1,000,000

Annual Gas Savings (MM Btu) =

Where:
EFpse = Energy Factor of bascline water heater =0.615
EFge = Energy Factor of efficient water heater
Electric Savings Algorithms
There are no electric savings from this measure.
Energy Savings
AkWh =0kWh

Demand Savings

AKW=0kW

Where:
AkWh = gross customer annual kWh savings for the measure.
AKW = gross customer summer load kW savings for the mecasure.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed 1o be zero,

Kquipment Type Free Ridership Spillover
Tankless Water Fleater 0% 0% -

* Based on the federal standard for residential gas-fired water heater as of April 16, 2015 and assumed typical 40 gallon storage.
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Persistence
The persistence factor is assumed to be one,

Measure Lifetimes

Equipment Type Measure Lifetime

Tankless Water Fleater 20
Source: Encrgy Star Residential Water Heaters: Final Criteria Analysis, April [, 2008, p. 10.

Water Savings
‘There are no water savings for this measure.

C.Combined Space and Domestic Hot Water Usaqge

1) Combination Boiler - Space Heating and DHW

Unique Measure Code{s): TBD

Draft date: 1/1/16
Effective date:  TBD
End date; TBD

Measure Description .
This measure applics Lo residential-sized combination boilers purchased at the time of natural replacement. These

are integrated boilers that provide hot water for space heating and an-demand domestic hot water and have minimal
or 1o hot water storage. A qualifying combination boiler {(combi boiler) must meet minimum efficiency
requirements (AFUE).

Definition of Baseline Condition
The efficiency levels of the gas-fired boiler and siand-alone storage water heater that would have been purchased
absent this or anather DSM program are shown in the following table.

_Equipment Type Baseline
Gas Boiler 80% AFUL
Gas DHW tank 0.615 EFS

Definition of Efficient Condition
The installed gas furnace or boiler must have an AFUE greater than that shown in the table below. Efticient model

minimum AFUE requirements arc detailed below.

Equipment Type Minimum AFUFE
94% AFUE
Gas Combi Boiler .94 EF

¢ Based on the federal standard for residential gas-fired water heater as ol April 16, 2013 and assumcd typical 40 gallon storage.
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Gas Savings Algorithms

MMBILu savings are realized due (o the increase in AFUE of the new equipment. MMBtu savings vary by equipment
type due to differences in model specilic bascline AFUE and high efficiency AFUL percentages. Savings are
calculated from the baseline new unit to the installed efficient unit.

Annual Gas Savings (MMBtu) = Annual Gas Savingsgy, + Annual Gas Savingspw

. Capacitygy, 1 1 .
Annual Gas Savingsey = 1000 X (AFUEBase - AFIH‘,‘H”) X EFLHn,
Where:
Annual Gas Savingssy = Space heating annual gas savings (MM Btu)
Annual Gas Savingsiw = Domestic Hot Water annual gas savings (MMBtu)
Capacityou = Qutput capacity of equipment to be installed (kBtu/hr)
1,000 = Conversion from kBiu 1o MMBtu
AFUEpgge = Efficiency of new baseline equipment {Annual Fuel Utilization Efficiency)
AFUEgr = Efficiency of new equipment '
EFLHtea = Equivalent Full Load Heating Hours (854 hours)’

The following formula for DIW gas savings is based on the DOE test procedure for water heaters.

(-1—- —1—) X 41,045 x 365
. EFgase  Elggp
Annual Gas SavingSpw = 1.000.000

Where:
EFuse = LEnerpy Factor of baseline water heater = 0.594
EFgr = Energy Factor of efficient combi bailer. Since the combi boiler has no or little storage,

standby losses are assumed to be negligible and the EF is assumed to be the same as the AFUE.

Electric Savings Algorithms

Energy Savings
AkWh  =0kWh

Demand Savings

AkW =0 kW
Where:
AkWh = Gross customer annual kWh savings for the measure.
AkW = Gross custonier summer load kW savings for the measure.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values arc assumed to be zero.

7 Bused on 2014 APPRISE evaluation for boilers,
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_FKquipment Type Free Ridership Spillover
Gas Combi Boiler 0% (%
Persistence

The persistence lactor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime
Gas Combi Boiler 20 J

Source: Same as lifetime estimate used for tankless water healer.

Water Savings
There arc no water savings for this mcasure,

D.All End Uses

1) Custom Measure
Unigue Measure Code(s): 'TBD

Draft date: 7/22/13
Effcctive date:  TBD
End date: TRD

Measure Description

This measure applics to all custon measures, not otherwise specified in this TRM.

Definition of Baseline Condition

The bascline represents the typical equipment that is installed without a DSM program. The efficiency level is based
on the current Federal standards, or state and local building codes that are applicable.

Definition of Lfficient Condition

The cfficient measure is any equipment that uses less energy than the baseline equipment,

Gas Savings Algorithms

The generalized cquation for a custom measure compares the baseline usage 1o the efficient usage.

Annual Gas Savings (MM Btu) = BaselinelUse — Ef ficientlse

Where:

Basefinelise =  The gas usage of baseline equipment or building.

EfficientUse
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Electric Savings Algorithms

Energy Savings
AKWh = BaselinekWh - LfficienthWh

Demand Savings
AW = BaselinckV - EfficientklV

Where:
AkWh = Gross customer annual kWh savings for the measure.
Akw = Gross customer summer load kW savings for the measure.
BaselinekWh = The electric kWh usage of bascline equipment or building.
IfficientkWh = The electric kWh usage of efficient equipment or building.
Baselinekl’ = The clectric kW usage of bascline cquipment or buitding,

fefficientk

The clectric kW usage ol efficient equipment or building,

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillover
Custom Mcasure 0% 0%
Persistence

The persistence factor is assumed to be one.
Measure Lifetimes

Where available, custom measure lifetimes should be based on similar measures defined elsewhere in this TRM.

Water Savings
The water savings arc the difference between the baseline and efficient equipment annual waler usage in gallons.
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lI. Residential New Construction
A_All End Uses

1) Custom Measures
Unique Measure Code(s): TBD

Dralt date: 4/30/12
Effective date:  TBD
End date: TBD

Measure Description
This measure applies 10 all custom measures, not otherwise specified in this TRM.

Definition of Baseline Condition
The baseline represents the typical equipment that is installed without a DSM program. The efficiency level is bascd
on the current Federal standards, or state and local building codes that are applicable.
Definition of Efficient Condition
The efficicnt measure is any equipment that uscs less cnergy than the baseline equipment.
Gas Savings Algorithms
The generalized cquation for a custom measure compares the baseline usage to the efficicnt usage.
Annual Gas Savings (MMBtu) = Baselinelise — Ef ficientlse
Where:

Baselinellse = The gas usage of bascline equipment or building.

I

)

EfficientUse The gas usage of efficient equipment or building.

Electric Savings Algorithms

Energy Savings .
AKWh = Baselineklh - fficientkVh

Demand Savings
AKW = BaselinekIV - ffficientk W

Where:
AkWh = Gross customer annual kWh savings for the measure.
AkW = Gross customer summer load kW savings for the measure.
BaselinekWh = The electric kWh usage of baseline equipment or building.
Efficientki¥h = The electric kWh usage of efficient cquipment or building.
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Basefinekl¥ = The clectric kW usage of baseline equipnient or building.
Efficiemkl¥? = The clectric kW usage of efficient equipment or building,

Freeridership/Spillover
Until studies have been performed 1o determine the free ridership and spillover, the values are assumed to be zero.

Free Ridership Spillover
0% 0%

Equipment Type
Custom Mcasure

Persistence
The persistence [actor is assumed to be one.

Measure Lifetimes

Where available, custom measure lifetimes should be based on similar measures defined clsewhere in this TRM.

Water Savings
The water savings are the dilTerence between the baseline and efficient cquipment annual water usage in gallons.
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lll. Residential Retrofit Market (Non-Low
Income) |

A. Space Heating End Use

1) Efficient Space Heating System

Unique Measure Code(s): TBD

Drafi date: 4/30/12
Effective date: TBD
End date: TBD

Measure Description
This measure applies to residential-sized high-efficiency gas furnaces and boilers replacing an existing and
functioning furnace or boiler of lower efficicney.

Definition of Baseline Condition

The efficiency levels (AFUE) of existing and functioning gas-fired furnaces or boilers. 1f the manufacturer’s rated
AFUE is available use it in the savings calculations. If the manufacturer’s rated AFUE is not available, then
calculate the existing heating system AFUE by multiplying the measured Steady State Efficiency by the appropriate
multiplicrs in the following table:

Distribution Type System Type Default Multiplier
Air Forced Air 1.0
CGravity Feed 0.8
Freestanding Heater 0.95
Floor Furnace 0.9
Wall Furnace (.85
Water Force Circulation {high mass) 0.85
Force Circulation (low mass) 0.9
Gravity Ieed 0.85
Steam 0.75

Source: Building Performance Institute, Technical Standards for the Heating Professional, Revision 11/20/07, p.6.

Definition of Efficient Condition
The installed gas furnace or boiler must have an AFUE greater than the baseline condition,

Gas Savings Algorithms

MMBuw savings are realized due to the increase in AFUE of the new equipment. MMBtu savings vary by equipment
type duc to differences in model-specific baseline AFUL and high cfficiency AFUE percentages. Savings arc
calculated from the baseline existing unit to the installed efficient unit.

Al"UEBuse)

Annual Gas Savings (MMBtu) = fleatinglse x |1 — -

Where:
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1]

Annual heating use (MMBtu/yr) from weather normalized usage analysis of customer

IHeatingUse
billing data from pre-treatment period. See description below.

AFUEpw. = Efficiency of existing baseline equipment (Annual Fuel Utilization Efficiency)
AFUEp; = REfficiency of new efficient equipment

MHeating Use weather normalization methods (HeatingUse):

Method 1: Usc a linear regression model of use/day as a function of HDDG63%day to estimate heating slope
(MMbtu/HDID6E3) and bascload daily use (MMBtu/day) with an annuval HDDG63 of 40337 to calculate annual heating

load.

Method 2: Calculate baseload (MMBtu/day) as the third lowest MMBtu/day bill for the analysis year. Then
calculate raw heating use as the sunt of monthly billed use minus the — bascload * sum({monthly bill clapsed days),
then calculale weather adjusted heating use as raw heating use * (4033/FHIDD63actual).

Electric Savings Algorithms

Electric encrgy savings result from efficient furnace fans (ECM) that may be included with efficient furnaces.
Elcctrical savings from fan motor cfficiency docs not apply to boilers.

Energy Savings
AkWh =700 kWh

Demand Savings

AkKW =0 kW
Where:
AkWh = Gross customer annual kWh savings for the measure. Based on 500 kWh heating
season plus 200 kWh cooling scason.
AkW = Gross customer summer load kW savings for the measure.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillover
Gas Furnace 0% 0%
Gas Furnace with ECM Fan 0% 0%
Gas Roiler (% 0%

# [eating degrec days are calculated using base 63°F, which was sclected, based on variable-base degree day regressions of
billing data trom CWP participants aver the past several years, This value is higher than found for many non-low income
populations in similar climates and likely rellects the low efficiency of the Jow income housing stock and also the targeting of
high users by CWP, The use of this FIDI base climinates the need for the degree day correction faclor found in some similar
caleulations that use MDDGS.

?This value of 4033 HDDG63 is the average from NWS data for PHL for the years 2002 through 2009.

4

January 1,2016
Philadelphia Gas Works: EnergySense



Persistence
The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime
Cias Furnaces 20
Gas Boilers 25

Source: Lifetime estintates used by Efficiency Vermont.

Water Savings
There are no water savings for this measure.

2) Space Heating System Tune-Up

Unique Measure Code(s): TBD

Drafi date: 1/1/16
Effective date;  1/1/16
End date: TBD

Measure Description .

This measure applies to existing residential-sized gas furnaces and boilers. The tune-up is to improve the overall
cfficiency of the furnace or boiler by checking, cleaning and adjusting parts relevant to the heating equipment’s
combustion and heat transfer efficiency.

Definition of Baseline Condition
The efficicncy levels (AFUR) of existing gas-fired furnaces or boilers. Calculate the existing heating system AFUE
by multiplying the measured Steady State Efficiency by the appropriate multipliers in the {ollowing table:

Distribution Type System Type Default Multiplier
Air Forced Air 1.0
Gravity Feed 0.8
Freestanding Heater 0,95
Floor Furnace 0.9
Wall Furnace 0.85
Watcr Force Circulation (high mass) 0.85
Force Circulation (low mass) 0.9
Gravity Feed 0.85
Steam 0.75

Source: Building Performance Institute, Technical Standards for the TFleating Professional, Revision 11/20/07, p.6.

Definition of Efficient Condition
The efficiency levels (AFUE) of the gas-fired furnaces or boilers afier the tune-up. Calculate the heating system
ATFUTL by multiplying the measured Steady State Efficiency by the appropriate multipliers in the preceding table.
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Gas Savings Algorithms

MMBtu savings are realized duc to the increase in AFUE of the heating equipment. MMBtu savings vary by
equipment type duce to differences in model-specific baseline AFUE and high efficiency AFUE percentages. Savings
are calculated from the baseline existing unit to the unif after the tunc-up.

AFUE
Annual Gas Savings (MMBtu) = Heatinglse x [1— —Bﬂ
Where:
HeatinglUse = Annual heating use {MMBLu/yr) from wealher normalized usage analysis of customer

billing data from pre-treatment period. See description below.

AFUEns. =  Efficiency of existing space heating equipment (Annual Fuel Utilization Efficiency)
AFULy, = Efficiency of heating equipment afier tune-up

Heating Usc weather normalization methods (HeatingtJse):

Method 1: Use a lincar regression model of use/day as a funclion of HIDDG3 '%day 1o estimate heating slope
{MMbtu/HDD63) and bascload daily use (MMBtu/day) with an annual HDDG63 of 4033"! (o calculate annual
heating load.

Method 2: Calculate bascload (MMBtu/day) as the third lowest MMBtu/day bill for the analysis year. Then
calculate raw heating use as the sum of monthly billed use minus the — baseload * sum{monthly bill clapsed days),
then calculate weather adjusted heating use as raw heating use * (4033/HDD63actual),
Electric Savings Algorithms
There are no clectricity savings for this measure.

Lnergy Savings

AkWh =0kWh

Demand Savings

AkW =0 kW
Where:
AkWh = Gross customer annual kWh savings for the measure.
AkW = Gross customer summer load kW savings for the measure.

Freeridership/Spillover ¢
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

19 Heating degree days are calculated using base 63°F, which was selected, based on variable-base degree day regressions of
hilling data from CWP participants over the past several vears, This value is higher than found for many non-low income
populations in similar ¢limates and likely rellects the low efficiency of 1he low income housing stock and also the targeting of
high users by CWP. The use ol this FMDID base eliminates the need for the degree day correction factor found in some similar
caleulations that use HIMDGS.

' “This value of 4033 11DD63 is the average fram NWS dara for PHL for the years 2002 through 2009.
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Equipment Type Free Ridership Spillover
Gas Furnace or Boiler Tune-up 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

Gas Furnace or Boiler Tunc-up 2
Source: Lifetime estimate used by llinois, Minnesota and New York TRMs,

Water Savings
There are no water savings for this measure.

3) Infiltration Reduction

Unique Mcasure Code(s): TBD

Draft date: 4/30/12
Effeclive date:  TBD
End date: TBD

Measure Description
This involves decreasing the amount of air exchange between the inside of the housc or unit and the outdoors

without buffering from any adjacent unit{s) by scaling the sources of leaks, while maintaining minimum air
exchange for air quality.

Definition of Baseline Condition
The baseline is the house in its pre-treatment condition, with opportunitics for infiftration reductions.

Dehinition of Efficient Condition
Any decrease in infiltration will reduce energy consumption compared to the pre-treated house.

Cas Savings Algorithms

. , DD, % 24 X% (CFM50,0 ~ CFM50p04: )
Annual Gas Savings (MMBtu) = (715 x AFUE % 1,000,000)

Wherc:
IMeating degree days at temperature {, where (=63°F if no programmable thermostat has
been installed and t=62°F if a programmable thermostat bas been installed. From NWS§

data for PHL. from 2002-2009, HDDG63=4033 and HDDG62 = 3820.

HDD,

24 = hours/day

CFMS50p.= CFM30 of building shell leakage as measured by a blower door test before treatment.
CFMS50p0s = CFMS0 of building shell leakage as measured by a blower door test after treatment.
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21.5= factor to convert CFMS50 value to Btu/hrF heat loss rate, calculated from hourly
infiltration modeling'*
AFULE = rated AFUE of heating system. [ no rating is available then use the method described in
the Efficient Space Fleating System scction for calculating the AFUE, The AFUE of
replacement equipment should be used if the heating system replacement precedes the air

scaling work.

Electric Savings Algorithms

I the type of air conditioning is known, then use the appropriate algorithm below. IF the type or existence of air-
conditioning is not known, then assume that 83% have air-conditioning and estimate the cooling savings as 83% of a

house with central air conditioning. "

Reduced furnace fan or boiler circulator pump usage is also likely to occur and provide electricity savings during
both the heating and cooling seasons.

Energy Savings
AKWh = AkWhaw + AkWhcga

ARW,g = Annual Gas Savings (MMBtu) X Auxiliary

Ak Whceo! = (0 kWh if house has no air conditioning
= AkWhc,c if house has central air conditioning
= AkWhg,c il house has room air conditioning
= 83% *x AkWhg e if no information about air conditioner

CHD x 24 % DUA X (CFM50,,, — CFM50,,,4,)
. W
(215 x SEERac X 1000 17)
CDD X 24 % DUA % Fyog ac % (CFMS50,,. — CFM50,,05,)
— W
(215 x EERpc X 10005)

AkWhCAC =

AkWhR_,\C =

Demand Savings

AW =0 kW if house has no air conditioning
= AkW¢ if house has central air conditioning
= AkWyac il house has room air conditioning

AkWheae
AkWeace = *CFeac
EFLHy = ¢

_ L\kWhRAC

= *CFuac
EFLH g0l kac

AkWiac

Where:
AkWh = gross customer annual kWh savings for the measure.

AkW = gross custamer summer load kW savings for the nicasure.

12 An hourly infiltration was culculated using a modilied version of the LBL (a.k.a. Sherman-Grimsrud) intiltration modet with a
wind cffect modification (EPR] I 2034-40, Padmiter and Bond 1991) using Philadelphia TMY 2 hourly weather data. This
analysis result was then adjusted Lo account for an assumed party wall leakage fraction of 12% and an estimated 10% thermal
regain from infilteationfexfiliratiom. The resulting value of 21.5 is consistent with statistical analyses of empirical data using
CFM50 values and actual gas use and savings from CWP evaluations.

B Percentage of houses with aie-conditioning fiom ELA Table ACLxls lor Middie Atlantic region (PA, NY, NI}, Front:
httpr//www.eia.doc.gov/emendfrees/rees2005/bc2005_tables/detailed_tables2003. himl
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Auxiliary

CoD

DUA

SEERcac

CFeac
CFrac

EFLHcoo.l

EFLHcoor RAC

Froomac
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= Heating system auxiliary usage per MMBTLU consumption (5.02 From
Vermont Technical Reference Manual)

= Cooling Degree Days (Degrees F * Days)HDD

= Discretionary Use Adjustment to account for the fact that people do not
always operate their air conditioning system when the outside
temperature is greater than 65F.

= Seasonal Energy Efficiency Ratio of existing home central air
conditioner {Btu/W=hr) (See table below for default values if actual values

are not avajsiabic)

= Average Energy Efficiency Ratio of existing room air conditioner
(Btu/Wehr) (See table below for default values if actual values are not

available)
= Demand Coincidence Factor for central AC systems (See table below)
= Demand Coincidence Factor for Room AC systems (See fable below)

= Equivalent Full Load Cooling hours for Central AC and ASHP (See
table below)

= Equivalent Full Load Cooling hours for Room AC (See table below)

= Adjustment factor to relate insulafed area to area served by Room AC
units

The defaull values for each term are shown in the table below.
Default values for algorithm terms, Ceiling/Attic and Wall Insulation

Term ‘ Type Value Source
DUA - Fixed 0.75 - OH TRM™
SEERcac Variable Defauit values: PUC Technical Reference Manual
Early Replacement = 10
Replace on Burnout = 13
Nameplate Contractor Data Gathering
EERpac Variable Default = 9.8 DOE Federal Test Procedure 10 CFR 430,
Appendix F (Used in ES Calculator for baseline)
Nameplate Contractor Data Gathering
CFeac Fixed 0.70 PUC Technical Reference Manual
CFrac Fixed 0.58 PUC Technical Reference Manual
FRoom,AC Fixed 0.38 Calculated '®
M -State of Ohia Energy Efficiency Technical Reference Manual,” prepared for the Public Uiilities Commission of Ohio by
Vermont Energy lnvesiment Corporation. August 6, 2010,

January 1, 2016

Philadelphia Gas Works: EnergySense




20

EFLH, CDD and HDD by City
EFLHeool EFLHcoot RAC CDD!(B-GSE'GS)“ HDD (Base 65)'?
City | (Hours)® {Hours)"
Philade!phia 1032 320 1235 4759

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Mcasure Free Ridership Spillover
infiltration Reduction 0% (%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Measure Measure Lifetime

Infiltration Reduction 20
Source: NYSERDA Home Performance with Energy Star.

Water Savings
There are no water savings for this measure,

4) Roof and Cavity Insulation

Unique Measure Code(s): TBI}

Draft dale: 4/30/12
Effective date:  TBD
End date: TBD

Measure Description
This involves increasing the insulation levels in either the attic or walls which directly define-the boundary between

the house or unit and the outdoors.

Definition of Baseline Condition
The baseline is amount of insulation in the house in its pre-treatment condition.

1S Feom PECO baseline study, average home size = 2323 113, average number af room AC units per home =2.1. Average Room
AC capacity = 10,000 Bl per ENERGY STAR Roam AC Caleulator, which serves 423 (i2 (average between 400 and 4356 12
for 10,000 BaH unit per ENERGY STAR Room AC sizing chart). Freemac = (425 f* * 2.1)}/(2323 ft) = 0.38

Y PA 2010 TRM Table 2-1.

17 PA SWE Interim Approved TRM Protocol — Residential Room AC Retirement

I8 Climatography of the United States No. 81, Monthly Station Normals of Temperature, Precipitation, and Heating and Cooling
Degree Days 1971-2000, 36 Pennsylvania. NOAA, hup:fedo.nede.npaa.goviclimaienormalsfelim8 /P Anorm. pdl’

1 i,
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Definition of Efficient Condition
Any increase in insulation will reduce energy consumption compared Lo the pre-treated house.

Gas Savings Algorithms

HDD, % 24 X AREA x(l/R -1 4)
pre post

Annual Gas Savings (MMBtu) = -
gs ) (AFUE % 1,000,000)
Where:
HDD, = Heating depree days at temperature {, where (=63°F if no programmable thermastat
has been installed and t=62°F if a programmable thermoslat has been installed®.
24 = Hours per day

AREA = Netinsulated area in square feet. Estimated at 85% of gross arca for cavitics.
Rye = R value of rooffcavity pre-treatment. Ry= 5 unless there is existing insulation.
Rps = R value of roof/ cavily afler insulation is installed.

AFUE = Rated AFUE of heating system. [f no rating is available then use the method

o
-

described in the Efficient Space [Heating System scction for calculating the AFUE.
The AFUE of replacement equipment should be used if the heating system
replacement precedes the air sealing work,

Klectric Savings Algorithms
If the type of air conditioning is known, then use the appropriate algorithin below., If the type or existence of aii-
coenditioning is not known, then assume that 83% have air-conditioning and estimate the cooling savings as 83% ol a

house with central air conditioning.?'

Reduced furnace fan or boiler circulator pump usage is also likely to oceur and provide clectricity savings during
both the heating and cooling seasons.

Encrgy Savings

AkWh = AkWhAm + AkWh(_'m,[

AkWh aue = Annual Gas Savings (MMBtu) X Auxiliary
AkWhegal =0 kWh if house has no air conditioning

= AkWhga if house has central air conditioning
= Ak Why x- 1f house has room air conditioning
= 83% * AKWheae if no information about air conditioner

hr
_ CDD><24T,]y xDUA

AkWheac x [AREA x(

I
SEERxc* 1000 1 Rpre R,ms;)]

0 Prom NWS data for PHL, from 2002-2009, HDD6E3=4033 and HDDG2 = 3820
T Pereentape of houses with air-conditioning from BIA Table ACLxIs for Middle Atlantic region (PA, NY, NI). From;
http:/Awvww.ein doe.goviemen/rees/recs2005/he 2005 _tables/detailed_tables2005.liuml
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hr

CDDX24HE ><DUA:“FI(num AL . 1 1
= W 2 |[AREA X | ——-
EERpAc* 1000 455

AkWh1 AL
RA pre lepo.\'l

Demand Savings

AkW =0 kW if house has no air conditioning
= AkW ¢ if house has central air conditioning
= Ak Wy ¢ if housc has reom air conditioning

_ A]’(thAC
E:Fl"l-lt:unl
AkWhRAC

LF l“Hcoul RAC

AkWeae *CFeac

AkWyac *CFpac

Where:
AkWh = gross customer annual kWh savings for the measure.

AkW = gross customer summer load kW savings for the measure.
Auxiliary = Heating system auxiliary usage per MMBTU consumption (5.02 From

Vermont Technical Reference Manuai)
CcDD = Cooling Degree Days (Degrees F * Days)HDD

DUA = Discretionary Use Adjustment fo account for the fact that people do not
always operafe their air conditioning system when the oulside
temperature is greater than 65F.

SEERcac = Seasonal Energy Efficiency Ratio of existing home central air
conditioner (Btu/V=hr) (See table below for default values if actual values
are not available)

FERp: = Average Energy Efficiency Ratio of existing room air conditioner
{BtuMihr) {See table below for default values if actual values are not
available)

CFeac = Demand Coincidence Factor for central AC systems (See table below)

CFrac = Demand Coincidence Factor for Room AC systems (See table below)

EFL Moo = Equivalent Full l.oad Cooling hours for Central AC and ASHP (See
table below)

EFLHconrAC = Equivalent Full Load Cooling hours for Room AC (See table below)

Froom ac = Adjustment factor to relate insulated area to area served by Room AC
units

The default values for cach term arc shown in the table below.

January 1, 2016
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Default values for algorithm terms, Ceiling/Attic and Wall Insulation

Termd ’rypé | value :. Source
DUA Fixed 0.75 OH TRM22
SEERcAc Variable Default values: PUC Technical Reference Manual

Early Replacement = 10
Replace an Burnout = 13

Nameplate Contractor Data Gathering

EERgac Variable Default = 9.8 DOE Federal Test Procedure 10 CFR 430,

Appendix F {Used in ES Calculater for baseline)

Nameplate Conftractor Data Gathering

CFeac Fixed 0.70 PUC Technical Reference Manual

CFrac Fixed 0.58 PUC Technical Reference Manual

FReom,AC Fixed 0.38 Calculateg??

’ EFLH, CDD and HDD by City
) | ‘EFLHcon EFLHaarac | CDDY(Base:65)% | HDD (Base65)% |
City - Hour® | (Hours)? |
Philadelphia 77" ' ’if)32 320 71235 i 4759

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Measure Free Ridership Spillover
Insulation 0% 0%
Persistence

‘T'he persistence factor is assumed to be one.

22 “Statc of Ohia Encrgy Efficicney Technical Reference Manual,” prepared for the Public Utitities Commission ot Ghio by
Vermaont Energy [nvestment Corporation. August 6, 2010,

2 Fram PECO baseline study, average home size = 2323 (12, average number ol room AC units per home = 2.1, Average Room
AC capacity = 10,000 Btull per ENERGY STAR Room AC Caleulator, which serves 425 112 (average hetween 400 and 450 1i?
for 10,000 Btul-lunit per ENERGY STAR Room AC sizing char), Froamac = (425 12 * 2.1)/(2323 (1*) = 0.38

¥ PA 2010 TRM Table 2-1.

B pA SWE [nterim Approved TRM Protocol — Residential Room AC Retirement

26 Climatography of the United States No. 81, Monthly Station Normals of Temperature, Precipitation, and Heating and Cooling
Degree Days 1971-2000, 36 Pennsy lvania. NOAA. hitpi/fedo.nede.noaa. goviclimatenormalsiclim® 1/ Anorm. pd{

7 [bidl.
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Measure Measure Lifetime
Roof Insulation 40
Cavity Insulation 40

Source: NYSERDA Home Performance with Energy Star,

Water Savings

There are no water savings for this measure.

5) Programmable Thermostat

Unique Measure Code(s): TBD

Drafl date: 4/30/12
Effective date:  TBD
End date: TBD

Measure Description

This is a programmable thermostat controlling a residential-sized gas furnace or boiler.

Definition of Baseline Condition
The baseline is a manual thermostat where each temperature setting change requires human intervention.

Definition of Efficient Condition
The efficient thermostat is one that can be programmed to automatically increase or lower the temperature setting at

different times of the day and week.

Gas Savings Algorithms

Annual Gas Savings (MMBtu) = HeatingUse X
=153 MMBtu

Where:

HeatingUse

HDDsa

HIDDgs

Janvary 1, 2016

HDD, o
(1 - (Z/I'H)D(,g) = HeatinglUse x 0.053

Annual heating use (MMBtu/yr) from weather normalized usage analysis of customer
billing data (rom pre-treatment period (see description under heating system
replacement). [f thermostat measure is performed after shell measures of insulation
or air sealing, then subtract the projected savings from those measures from the pre

retrofit heating use.
3820

The annual heating degree days based on 62°F, representing the estimated balance
point emperature of the home with the programmable thermostat.

4033

The annual heating degree days based on G3°F, representing the estimated balance
point temperature of the home with the programmable thermostat.
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An analysis of variable base degree day bilting data from the CWP has found an average net reduction in balance
point temperature of about 1.0°F for thermostat installations. Multiple impact evaluations have also found heating
savings averaging about 5%-6% from thermostat installations. These two findings are consistent with cach other and
indlicate an estimated average impact based on employing the approach from past CWP contractors to targeting
customers and selecting homes to receive thermostats and the savings opporlunities and compliance rates achicved.
The savings may not be accurate when applied to different populations in different ways.

Electric Savings Algorithms

If the type of air conditioning is known, then use the appropriate algorithm below. If the type or existence of air-
conditioning is not known, then assume that 83% have air-condilioning and estimate the cooling savings as 83% of a

house with central air conditioning, *®

Reduced furnace fan or boiler circuiator pump usage is also likely to occur and provide clectricity savings during
both the heating and cooling scasans, but these auxiliary savings arg not accounted for in the following algorithms.

Where:

Energy Savings
AkWh = AkWhaux Ak Wheaal

AKWh aug = Annual Gas Savings (MMBtw) x Auxiliary

AkWheeal = 0 kWh if house has no air conditioning
= AkWhg, tf house has central air conditioning
=0 if house has room air conditioning
= §3% x AkWhgac if no information about air conditioner

Btu 1 kWh
12,000 777 X 1500 W

EER:por X Effauct

AkWhepe = CAPpop, X x EFLH X ESFeonn

Demand Savings

AKW =0 kW
AkWh = gross customer annual kWh savings for the measure.
AkW = gross customer sumnier load kW savings for the measure,

CAPcooL = capacity of the air conditioning unit in fons, based on nameplate
capacily (see table below)

EERcoot = Seasonally averaged efficiency rating of the baseline unit . (see table
below}

Effouct = duct system efficiency (see table below)

ESFcooL = energy savings factor for cooling and heating, respectively (see lable
below)

EFLH = equivalent full load hours

B pPercentage of houses with air-cenditioning ftom EIA Table AC1.x1s for Middle Atlantic region {(PA, NY, NJ). From:
hip/Avww cia.doe.goviemen/rees/rees2005/he 2005 _tables/detailed _tables2005.html

January 1, 2016
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Residential Electric HVAC Calculation Assumptions

Component T.ypé Value Sources
CAPcooL Variable Nameplate data Contractor Data
Gathering
Default: 3 tons 1
EERcooL Variable Nameplate data Contractor Data
. Gathering
Defauit: Cooling = 10 SEER 2
Default: Heating = 1.0 {electric furnace COP}
Effauet Fixed 0.8 3
ESFcooL Fixed 2% 4
EFLH Fixed Philadelphia Coaoling = 1,032 Hours §
Sources:

1. Average size of residential air conditioner.
2. Minimum Federal Standard for new Central Air Conditioners/Heat Pumps between 1990 and

2006.

3. New York Standard Approach for Estimating Energy Savings from Energy Efficiency Measures in
Commercial and Industrial Programs, September 1, 2009.

4. DEER 2005 cooling savings for climate zone 16, assumes a variety of thermostat usage patterns.

5. US Department of Energy, ENERGY STAR Calculator. Accessed 3/16/2009.

Freeridership/Spillover
Until studies have been performed to determine the frec ridership and spillover, the values are assumed to be zero.

Equipment Type

Free Ridership

Spillover

Programmable Thermostat

0%

0%

Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipntent Type

Measure Lifetime

Programmable Thermostat

15

Source: New Jersey Clean Energy Program Protocols (December 2009).

Water Savings

There are no water savings for this measure.

January 1, 2016
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6) Duct Work Insulation

Unique Measure Code(s): TBD

Drali date: 4/30/12
Effcetive date;  TBD
End datc: TBD

Measure Description
This measure rclates to installing insulation on ducts in unconditioned spaces.

Definition of Baseline Condition
The bascline condition is assumed (o be an un-insulated duct.

Definition of Efficient Condition
The efficient condition is the duct with insulation installed.

Water Savings Algorithms
This measure has no water savings associaled with it.

Natural Gas Savings Algorithms

o EVLHy gat (!Jeatl,o.s‘s(?'hbasa) - Heatl,oss(Theff))
Annual Gas Savings (MMBtu) = Length X -

24 X 365 AFUE x 1,000,000
Where:
Length = Number of linear fect of duct work insulated
EFLHwa = quivalent full load heating hours = 730
These = ‘Thickness of base condition insulation {inchcs)
They =  Thickness of efficient condition insulation (inches)

Heatl.oss(x) =  Heal loss through duct work as a function of insulation thickness x (Btu/ft fyr)

AFUE = Rated AFUE ol'heating system. [f no rating is available then use the method

described in the Efficient Space Heating System section for calculating the AFULE.
The AFUE of replacement equipment should be used if the heating system
replacement precedes the duct work insulation.

“IleatL.oss(x)* can be found using the following lookup table.
g £ 1

Insulation Heat Loss
Thickness (inches) {Btu/ft/yr)
Bare 1,120,000
0.25 339,500
0.5 205,300
0.75 190,700
| 128,300
1.5 93,970
2 74,370

January 1, 2016
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[nsulation Heat Loss
Thickness (inches) (Btu/ft/yr)
2.5 61,620
3 52,650
3.5 45,990
4 40,830

This table was calculated using the North American Insulation Manufacturers Association’s (NAIMA) 312 Plus 4.0
insulation Thickness Computer Program, The following assumplions were uscd.

Item Description = bare duct
Calculation Type = Feat Loss Per Year Report
Geometry Deseription = Steel Duct - Rectangular Horz.
System Units =  ASTM C585
Bare Surface Emittance = (.8
Process Temperature = 140 °F
Ave. Ambient Temperature = 41.8 °F%

Ave. Wind Speed = 0 mph
Relative Humidity = N/A

Dew Point = WN/A

Condensation Control Thickness = N/A
Mours Per Year = 20003

QOuter Jacket Material = Aluminum, oxidized, in service
Outer Surface Emittance = 0.1
Insulation Layer 1 = Duct Wrap, 1.0 pound per cubic foot,
C1290,
Duct Horiz Dimension = 12in.
Duct Vert Dimension = 8 in.

Electric Savings Algorithms
No clectric savings are currently claimed for this measure,

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spitlover, the values arc assumed 10 be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
The measure life is assumed to 18 years?!,

¥ Average winter temperature for Philadelphia from “Cost Savings and Comlort for Existing Buildings”, 3rd Edition, by John
Krigger, Saturn Resource Management. Page 255.

M Low end of 2,000 - 2,500 winter heating load hours from Air-conditioning and Retrigeration Institute,
hitp:/Awww.owaterfurnace.ca/ingineer/Misc%20Re lerences/ARI%20Co0ling%4620& %20 Heating %20 Load %20 Hours%20Map. pd [

M NYSERDA Home Performance with Encrgy Star

January 1, 2016
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7) Heating Pipe Insulation

Unique Mcasure Code{s): TBD

Drali date: 4/30/12
Effective date;  TBD
End date: TBD

Measure Description

This measure relates to installing insulation on space heating pipes in unconditioned spaces.

Definition of Baseline Condition
The baseline condition is the current insulation thickness on a space heating hot waler or steam pipe.

Definition of Efficient Condition
The efficient condition is any insulation thicker than that already on the pipe.

Water Savings Algorithms

This measure has no water savings associaled with L

Natural Gas Savings Algorithms

Annual Gas Savings (MMBtu) = Length X Hyga X

Where:

Length

”hcat

Th base

Thcf‘g‘

_ HeatlLoss(x)

AFUE

HDD
(b]}

(HeatLoss(Th,mu) - Heat[.oss(?‘heﬁ))
AFUE x 1,000,000

HDD x 24 4,033 X 24

HHcac = Dt 59 = 1’640

Number of lincar feet of heating pipe insulated

Heating hours for a properly sized boiler. Used as an estimate of the hours in which
the space-heating pipe would be hotter than the ambient temperature and would
therefore experience heat loss.

Thickness of base condition insulation (inches)

Thickness of efficient condition insulation {inches)

Heal loss through pipe as a function of insulation thickness x (Btu/fl /hr)

Rated AFUL of heating system. [f no rating is available then use the method
described in the Efficient Space Heating System section for calculating the AFUE.
The AFUE of replacement equipment should be used if the heating system
replacement precedes the pipe insulation,

Base 63° F Heating Degree Days for Philadelphia = 4,033%

Design temperature difference (assume from 11° F to 70° F for properly sized
boiler)®? = 59° I

“Heatloss(x)” can be found using the following lookup table.

32 Based on NCDC ASOS temperature data for PHL from 2002 through 2009.
11 degree design temperature source: 3% Editien Residential' Energy, Cost Savings and Comfort for Existing Buildings. John
Krigger and Cheis Dorsi, 2009, Saturn Resaurce Management, Appendix A-8, p. 280,

January 1, 2016
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Insulation Steam lleat Loss Hot Water Heat
Thickness (inches) (Btu/ft/hr) Loss (Btu/ft/hr)
Bare 201.4 72.12
0.5 47.75 15.24
1.0 3015 1.2
1.5 24.09 8.67
2.0 20.28 7.51
2.5 : 17.98 6.42
3.0 16.35 5.98
15 15.13 5.64
40 : 14.06 5.37
4.5 [3.31 5.12

This table was calculated using the North American Insulation Manufacturers Association’s (NAIMA) 3E Plus 4.0

Insulation Thickness Computer Program. The following assumptions were uscd.

[tem Description
System Application
Dimensional Standard
Calculation Type
Pracess Temperature
Ambient Temperature
Wind Speed

Nominal Pipe Size
Bare Metal

Bare Surface Emittance
Insulation Layer 1
QOuter Jacket Material

QOuter Surface Emittance

ltem Description
System Application

. Dimensional Standard
Calculation Type
Pracess Temperature
Ambicent Temperature
Wind Speed

Nominal Pipe Size
Bare Metal

Bare Surface Emittance
insulation Layer |
Outer Jacket Material
Outer Surface Emittance

January 1, 2016

steam piping

Pipe - Horizontal

ASTM C 585 Rigid

Heat Loss Per Hour Report
212

60

0

2

Copper

0.6

850F Mincral Fiber PIPE, Type |, C547-11
All Service Jacket

0.9

hot water piping

Pipe - Haorizontal

ASTM C 585 Rigid

Heat Loss Per Hour Report
80

60

0

0.75

Copper

0.6

Phenolic SHEET-+TUBE, Type I, C1126-11
All Service Jacket

0.9
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Electric Savings Algorithms
There are no clectric savings associated with this measure.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero,

Persistence
The persistence factor is assumed 1o be one.

Measure Lifetimes
The measure life is assumed to be 20 years™.

8) Duct Work Sealing

Unique Measure Code(s): TBD

Draft date: 4/30/2013
Effective date: TBD
End date: TBD

Measure Description

This measure provides estimates for stand-along savings from scaling ducts in a retrofit project and preventing
heated air from leaking into unconditioned spaces. In order to verify savings, a duct-leakage test must be used to
calculate a reduction in CFM-25 readings.

Definition of Baseline Condition
The baseline condition is assumed Lo be a duct that has nol been sealed.

Definition of Efficient Condition
The efficient condition is a duct that has been sealed 1o reduce outside leakage.

Water Savings Algorithms
This measure has no water savings associated with it.

Natural Gas Savings Algorithms

Annual Gas Savings (MMBtu) = (CFMpre — CFMpost) X DSFgas

Where:
CFMpre = Reading Irom duct-blaster test at 25 pascals, before scaling performed
ClMpost = Reading lrom duct-blaster test at 25 pascals, after scaling performed
DSFgas =  Diiet sealing factor for pas systems, 0.035 MMBtus/CFM-25%5

Elcctric Savings Algorithms

Electric savings per 100 CFM-25 reduction:*

3 NYSERDA Home Performance with Enerpy Star

¥ Based on 3.5 MMBtus savings per 100 CFM reduction [or duct sealing from UI/CL&P Program Savings Documentation —
2011, page 131

1 UICL&D Program Savigns Documentation, 2011, page 131

January 1, 2016
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*  110.0 kWh in heating fan savings
s If a central air conditioner is present
o 1059 kWh from cooling
¢ 0,23 kW summer peak demand savings

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
The measure life is assumed to 18 years®.

9) High Efficiency Window

Unique Measure Code(s): TBD

Draft date; 7/29/13
Effective date: TBD
lind date: TBD

Measure Description
This involves installing a window with a U-factor less than a baseline window.

Definition of Baseline Condition

The bascline is the minimum window required by code. IECC 2009 for Philadelphia requires a U-factor of 0.35 or
less.

Definition of Efficient Condition
An cfficient window is any window exceeding Encrgy Star® requirements for U-factor of 0.32 or less.

Gas Savings Algorithms

DD, x 24 X AREA X (Upase — Upyry)

Annual Gas Savings (MMBtu) =
ias Savings (MMBtu) (AFUE x 1,000,000)
Where:
HDD, = Hecating degree days at temperature t, where t=63°F if no programmable thermostat
: has been installed and t=62°F if a programmable thermostat has been installed™.
24 = Hours per day
AREA = Square feet of window area.
Upse = U-factor of new baseline window. Utae= 0.35 based on IECC 2009,
Ug = U-factor of efficient window.
AFUE = Rated AFUE of heating system. [fno rating is avaifabic then use the method

described in the Efficient Space Heating System section for calculating the AFUE.

7 California DEER estimage,
¥ From NWS data for PHL from 2002-2009, HDD63=4033 and HDD62 = 3820

January I, 2016
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The AFUE of replacement equipment should be used if the heating system
replacement precedes the air sealing work. Use default AFUE of 80% if actual AFUR

1s nol available.

Electric Savings Algorithms
If the type of air conditioning is known, then use the appropriate algorithm below. [f the type or existence of air-
conditioning is not known, then assume that 83% have air-conditioning and estimate the cooling savings as 83% of'a

house with central air conditioning.*

Reduced furnace lan or boiler circulator pump usage is also likely to accur and provide electricity savings during
bath the heating and cooling seasons.

Energy Savings
AkWh = AkWhaw « AkWheg

Ak Wh = Annual Gas Savings (MMBtu) x Auxiliary

AkWheou =0 kWh if house has no air conditioning
= AkWhc e if house has central air conditioning
= AkWhpac if house has room air conditioning
= 83% x AkWhe o if no information about air conditioner

CDDXZ4thry><DUA P
AkWhe e = W [AR};'A X ( —z )]
SEERcsc¥! 000 W pre {tpast
hr
CDDX24W *DUARFpoanac [ i {
AkWhg ¢ = x [AREA x -7
EERgac* 10004 Rpre Rpost
Demand Savings
AkW =0 kW if house has no air conditioning
= AKWcae if house has central air conditioning
= Ak W if house has room air conditioning
ARWheae
AkWeae = P
EFLH,

AkWhRAC "

Akwl{/\c = EFLH LRAC XC].RI\C
i +4 T4

Where:
AkWh = gross customer annual kWh savings for the measure,

AkW = gross customer summer load kW savings for the measure.
Auxiliary = Heating system auxiliary usage per MMBTU consumption (5.02 From

Vermont Technical Reference Manuat)

CDD = Cooling Degree Days (Degrees F * Days)HDD

¥ percentage ol houses with air-conditioning from EIA Table ACLxIs for Middle Atlantic region (PA, NY, NJ). From;
hutpi/fwww.eia.doc.goviemenfrees/rees2005/he2005_tables/detailed_tables2005.html

January 1, 2016
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The defaull values for cach term are shown in the table below.

DUA

SEERcac

CFeac
CFrac

EFL chol

EFL Heoot rAc

Froomac

= Discrelionary Use Adjustment to account for the fact that people do not
always operate their air conditioning system when the outside
temperalure is greater than 65F,

= Seasonal Energy Efficiency Ratio of existing home ceniral air
conditioner (Bltu/Mahr) {See tahle below for defaull values if actual values

are not available)

= Average Energy Efficiency Ralio of existing room air conditioner
{Biu/W-hr) (See table below for defaull values if actual values are not

available)

= Demand Coincidence Factor for central AC sysiems {See table below)

= Demand Coincidence Factor for Room AC syslems (See lable below)

= Fquivalent Full Load Cooling hours for Central AC and ASHP (See

table below)

= Equivalent Full Load Cooling hours for Room AC {See table below)

= Adjustment factor to relale insulated area lo area served by Room AC

units

Default vaiues for algerithm terms, Ceiling/Attic and Wall Insulation

Term Type Value Source
DULA Fixed 0.75 OH TRM*®
SEERcac Variable Default values: PUC Technical Reference Manual
Early Replacement = 10
Replace on Burnout = 13
Nameplate Contractor Data Gathering
TERp¢ Variable Default = 9.8 DOE Federal Test Procedure 10 CFR 430,
Appendix F (Used in ES Calculator for baseline)
Nameplate Contractor Data Gathering
CFecac Fixed 0.70 PUC Technical Reference Manual
CFrac Fixed 0.568 PUC Technical Reference Manual
FRreom,ac Fixed ‘0.38 Calculated*?

40 -State of Ohio Energy LfMiciengy Technical Reference Manual.” prepared for the Public Ulilities Commission ol Ohio by
Vermont Energy Investment Corporation. Augast 6, 2010.
U Prom PECO bascline study. average home size = 2323 (2, average number of room AC units per home = 2.1, Average Room
AC capacity = 10,000 Btull per ENERGY STAR Room AC Calculator, which serves 425 {12 {average between 400 and 430 i
tor 10,000 Btull unit per ENERGY STAR Room AC sizing char). Froomac = (425 12 * 2.1)/(2323 (1) = 0.38

January
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EFLH, CDD and HDD by City
EFL:Hcool EFLHcool Rac CDD (Base 65)" | HDD (Base 65)*
City (Hours)*? {Hours)*®
Philadelphia 1032 320 1235 4759

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed ta be zero.

Measure Free Ridership Spillover
Window 0% 0%
Persistence

The persistence factor is assumed to be ane.

Mcasure Lifetime

Mensure Measure Lifetime

Window 30
Source: NREL Measure Database.

Water Savings
There are no water savings for this measure.

B. Domestic Hot Water End Use
1) Low Flow Showerhead

Unique Measure Code(s): TBD

Draft date: 4/30/12
Effective date:  TBD
End date: TBD

Measure Description
‘I'his measure relates 1o the installation of a low flow showerhead in a home. This is a retrofit direct install measure.

Definition of Baseline Condition
The baseling is the flow rate of the showerhead being replaced. IT this is nol available a baseline value of 2.5 GPM

will be used.

2 PA 2010 TRM Table 2-1,

N PA SWLE Tnterim Appraved TRM Protacol = Residential Room AC Retirement

+ Climatography of the United States No. 81, Monthly Station Normals of Temperature, Precipitation. and lleating and Cooling
Degree Days 1971-2000, 36 Pennsyivania. NOAA. hup:/edo.nede.noaa. gov/climatenonmals/clim2 /B Anorm.pdl

*3 Ibid.

January 1,2016
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Definition of Efficient Condition
The flow rate of the efficient showerhead should be greater than the flow rate of the baseline condition. 11 this value
is not available it is assumed to be 1.5 GPM™®,

Water Savings Algorithms
The water savings for low flow showerheads are due to the reduced amount of water being used per shower,

GPM, .. — GPM, .
( base “ff) x 2.48 x 11.6 % 365

GPM, ..
AGallons = base
4 1.6
Where:
AGallons = (allons of water saved
GPMygse = Maximum gallons per minute of baseline showerhead. Default = 2.5

GPM if measured rate is not available®”

GPMy = Maximum gallons per minute of the efficient showerhead

2.48 = Average number of people per houschold*

11.6 = Average gallons of water per person per day used for showering™
365 = Days per year

1.6 = Average number of showers per home®®

Natural Gas Savings Algorithms
Gas energy savings result from avoiding having to heat the saved water due to the cfficient showerhead.

[AGalions x 8.3 x ¢, x (105 — 55)] /1,000,000

AMMBtu =

REpyw
Where:
AMMBtu =  MMBtu of saved natural gas
83 = Constant to converl gallons to pounds (1bs.)
Cp = Average specific heat of water at temperature range (1.00 Btu/lb-°F)
i05 = Assumed temperature of waler coming out of showerhead (degrees
Fahrenheit)
55 = Assumed temperature of water entering house {degrees Fahrenhein)®
REprw = Recovery cfficiency of the domestic hot water heater = 75%%

o Pennsylvania Pablic Utility Commission Act 129 Technical Reference Manual (lune 201 1)

T The Energy Policy Act ol 1992 established the maximum flow rate for showerheads at 2.5 gallons per minute (GPM)
¥ Pennsylvanis, Census of Population, 2000,

# Most commonly quoted value of gaflons of water used per person per day (including in U.S. Environmental Protection
Agency’s "water sense” documents: hitpi/fiswwav.epa.goviwatersense/docsthome_suppstat308.pdf)

S0 Lstimate bascd on review of a number of studics:

a)  Pacifie Northwest Luboratory: "Encrgy Savings [rom Encrgy-Eitticient Showerheads: REMIP Case Study Resulis,
Proposed Evaluation Algorithm, and Program Design Iimplications”
hitp:/Awww.ostigovibridge/purl.cover.jspijsessionid=804 56 EFO0A ABIDRB204 ERIEBA LGS F1992purl=/10185385-
CEkZMkMmalive/

by Fast Bay Municipal Utility District: "Water Conservation Market Penctration Study”
hutp:Aanww.ebmud.convsites/de auluTiles/pdisfmarkee_penetration_study_0.pdl’

' A pood approximation of annual average water main (emperalure is the average annual ambient air iemperature. Average
water main temperature = 55° F hased on: hitp:/wlocde.noaa goviimg/documentlibrary/clim8 L supp3/temprormal _hires,jpg

2 Review o AHRI Directory suggests range of reeovery efticiency ratings lor new Gas DHW units of 70-87%. The average off
existing units is estimated at 75% by the Northeast Energy Efficieney Partnerships® Mid-Atiantic Technical Relerence Manual
Version 1.1 {Qctober 2010).
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Electric Savings Algorithms
[t is assumed that alt low flow showerheads installed under PGW’s ELIRP program are installed in homes that heal
water using natural gas. There are no additional electric savings claimed.

Freeridership/Spillover
Unil studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes .
The measure life of a low flow showerhead is assumed Lo be 9 years®.

2) Low Flow Faucet Aerators

Unique Measure Code(s): TBD

Draft date: | 4/30/12
Effective date:  TBD
End date: TBD

Measure Description
"I'his measure relates to the installation of a low flow faucet acrator in either a kitchen or bathroom.,

Definition of Baseline Condition
The baseline is the flow rate of the existing faucet. 1f this is not available, it is generally assumed that a faucet will

already have a standard faucet acrator using 2.2 GPM.

Definition of Efficient Condition
The efficient condition is a faucet aerator that has a low rate lower than the baseline condition. If this value is not
available than the Mow rate is assumed to be 1.5 GPM*,

Water Savings Algorithms
The water savings for low Mlow faucet acrators are.due 1o the reduced amount of water being used per minute that

ftows down the drain (instead of being collected in the sink).

(GPM},““. — (JPM‘:I‘I‘

0,
L — ) X 248 x 10.9 x 365 x 50%

3.5

Atiallons =

Where:
AGallons = Gallons of water saved

GP My = Gallons per minute of bascline showerhead = 2.2 GMP¥
GPMy = Gallons per minute of the cfficient showerhead
2.48 = Average number of people per houschold*

# Pennsy lvania Public Utility Commission Act 129 Technical Reference Manual (fune 2011}

* Pennsylvania Public Utility Commission Act 129 Technical Reference Manual (June 204 1)

33 Public Scrvice Commission of Wisconsin Focus on Energy Evaluation Default Deemed Savings Review, June 2008,
hup:/Awavw. focusonenergy.comifiles/Document_Management_System/Evaluation/acesdecmedsavingsreview _cvaluationreport.p
dr

3 Pennsylvania, Census of Population, 2000,
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10.9 = Average gallons per day used by faucet?

365 = Days per year

50% = Drain rate, the percentage of water flowing down the drain®®
3.5 = Average Number of Faucets per home®

Natural Gas Savings Algorithms
Gas energy savings result from avoiding having 1o heal the saved water due to the efficient showerhead.

[AGalions x 8.3 x ¢, x 25] /1,000,000

AMMBtu =

REpyw
Where:
AMMBtu = MMBuw of saved natural gas
83 =  Constant 1o convert gallons to pounds (lbs.)
¢y = Averagc specific heal of waler at temperature range (1.00 Btu/lb°F)
25 = The difference between the temperature of the water entering the
house and the temperature leaving the faucet (degrees Fahrenheit).®
REpnw = Recovery efficiency of the domestic hot water heater = 75%9'

Electric Savings Algorithms
It is assumed that all faucet aerators installed under PGW’s ELIRP program are installed in homes that heat water
using natural gas. There are no additional clectric savings claimed.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed Lo be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
The measure life of a faucet acrator is assumed to be 12 years®.

3) Efficient Natural Gas Water Heater

Unique Measure Code{s): TBD

Draft date: 4730712
Effective date: TBD
lind date: TBD

Measure Description
This measure relates to an efficient natural gas water heater.

37 Most commonly quoted value ol gallons of water used per person per day (including in U.S. Environmental Protection
Agency’s “water sense™ documents; hitp:/fwww.cpagoviwatersense/docs/home_suppstat508. pdf)

38 Listimate consistent with Ontario Energy Doard, "Muasures and Assumptions for Demand Side

Management Planning."”

9 Rast Bay Municipal Utility District; "Water Conservation Market Penetration Study”

httpsiwavw, chmud, com/sites/de faul/files/pdfs/market_penctration_sidy_0.pdf

8 penngylvania Public Utility Commission Aet 129 Technical Reference Manual (June 201 1)

o1 See assumption for low flow shower head.

2 Pennsylvania Public Utility Commission Act 129 Technical Relerence Manual (June 2011)
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Definition of Baseline Condition
The baseline is the energy factor (EF) of the existing water heater. 1f possible, the EF of the existing water heater
should be used. If the EF of the existing water heater is unknown, 0.575 should be used®.

Definition of Efficient Condition
The effictent condition is a natural gas water heater that is more encrgy efficient than the existing water heater.

Water Savings Algorithms
No water savings have been defined for this measure.

Natural Gas Savings Algorithms

MMBtu savings are realized due to the increase in efficiency factor (EF) of the new equipment. MMBtu savings
vary by equipment type due to differences in model specific baseline EF and high efficiency EF percentages.
Savings are calculaled from the baseline new unit to the installed efficient unit. The following formula for gas
savings is based on the DOE test procedure for water heaters.

1 1 ) )
—— =] X 41,045 x 365
(hb,,m Efgsr >

AMMBtu = 1,000,000
Where:
I F e = Energy Factor of bascline waler heater
EFyy = Energy Factor of cfficient water heater. If combi boiler use AFUL,
41,045 = {actor used in DOE test procedure algorithm
365 = Days in the year

Electric Savings Algorithms
it is assumed that all faucel aerators instalfed under PGW's ELIRP program are instailed in homes that heat water
using natural pas water, There are no additional electric savings claimed.

Freeridership/Spillover
Unitil studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
The measure life ol a natural gas water heater is assumed to be 15 years®,

4) Hot Water Heater Tank Temperature Turn-down

Unique Measure Code(s): TBD

Draft date: 4/30/12
Effective date:  T1BD
End date: TBD

Measure Description

& From Mass Save “Massachusetts Technical Reference Manual for Estimating Savings from Encrgy Efficiency Measures: 2011
Program Year - P'lan Version,” Qclober 2010, Page 242,

% DIER values, updated October 10, 2008

Ittpffwasy decresources.com/decr(91 I planning/downloads/EUL_Summary_10-1-08.x1s
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This measure relates (o lowering the thermostat setting on a natural gas hol water heater to 120° F, if the temperature

is set higher,

Definition of Bascline Condition
The baseline is the temperature setling of the existing water heater. usually above 135° F

Definition of Efficient Condition
The efficient condition is the new setting point for the hot water heater, 120° F,

Water Savings Algorithms
No waler savings have been defined for this measure,

Natural Gas Savings Algorithms
MMBiu savings arise from fower iemperature setting that reduces the standby heat losses required to maintain the

tanks temperature setting.

Area X (Tpgse = Teps) « . 8760

AMMBtn Rouw __ 7,000,000
REpyw
Where:
AMMBtu = MMBtu of saved gas per year
Area = Surface area of hot water heater (ft%)
Tyase = Original temperature inside the tank (°F) = Assume 135 °F it no other
information pravided
Torr = New temperature inside the tank (°F} = Assume 120" F if no other
information provided )
Rynw = R-valuc of the hot water heater (h °F 1/Btu) = 5.0%
8,760 = Number of houwrs in a year
R = Recovery efficiency of the domestic hol water heater = 75%%
1,000,000 = Btuto MMBu

The following table provides surface areas based on the number of gallons the water tank can hold. along with
deemed savings values using the assumptions above.

Total Annual
Water Heater Height Diameter Surface Savings
Size (Gal) (Inches)* (Inches)* Area (ft}) (MMBitu)
30 60 16 29.7 1.04
40 6l 16.5 313 1.10
50 53 18 31.9 .12
6o 58 20 9.0 .37
80 58 22 44 .4 .56

* From New York Standard Approach for Estimating Fnergy Savings from Energy Lifficiency Programs (October
15, 2010). Page 98

Electric Savings Algorithms

5 Caleulated using the base conductive heat loss co-eflicient and surface arcas (ron: New York Stancdard Approach for
Extimaring fnergy Savings from Energy Efficiency Programs (October 15, 2000}, Page 98
8 See assumption for low Now showerhead.
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There arc no electric savings associated with this measure.

Freeridership/Spillover
Until studics have been performed Lo determine the free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
"The measure lifc of a natural gas water heater is assumed to be 2 years®.

5) Repair Hot Water Leaks/Plumbing Repairs

Unique Measure Code(s): TBD
Draft date: 4/30/12
Effective date:  TBD

Ind date: TRD

Measure Description
This mcasure relates to repairing any leaks from hot water pipes.

Definition of Bascline Condition
The bascline condition is the amount of water leaking from the hot water pipe per minute.

Definition of Efficient Condition
The efficient condition is no hot water leaking from the hot water pipe.

Water Savings Algorithms :
The water saved is the amount of water that is lost due to the [eak. The following table provides the deemed water

savings values for the most common types of leaks.

Leak Type Amount per Minute Gallons per Day
Slow Steady Drip 100 drips [4.4%
Fast Drip 200 drips 28.8*
Small Stream | cup (8 11 oz) 89.28

* A drip is assumed to be (.0001 gallons®

Natural Gas Savings Algorithms
Gas savings result from the avoided encrgy used to heat the water wasted [rom the leak.

|aGallons x 8.3 x ¢, x (120 — 55)| / 1,000,000

REpuw

AMMEEtu =

Where:
MM Bl of saved natural gas

Constant to convert gallons to pounds (lbs)

AMMBtu
83

4 Page 410, Vermont Technical Referenee Manual and New Jersey Clean Energy Program Protocols
“ Pgures provided to North Carolina’s Dare County Water Depariment by the North Caroling Rural Water Association:
hupeiwww. darene.com/water/Othsts/WirLoss. him (accessed June 23, 2011)
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€p = Avcrage specific heat of water at temperature range (1.00 Bu/lb-°F)
120 = Assumed temperature of hol walter as it [eaves the water heater and
travels through the pipes.
55 = Assumed temperawre of water entering house (degrees Fahrenheit)®
Rl = Recovery cfficiency of the domestic hot water heater = 75%™

The following table provides decmed gas savings values based on the deemed water savings, the algorithm outlined
above, and the measure lives from below.

Leak Type Savings (MMBtu)
Slow Steady Drip 0.87
IFast Drip 0.87
Small Stream 1.35

Electric Savings Algorithms
[t is assumed that all leaks repaired are for homes that heat water using natural gas water. There are no additional

electric savings claimed.

Freeridership/Spillover
Until studies have been performed to determinge the free ridership and spillover, the values arc assumed to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
The savings for repairing hot water leaks persist as long as the leak would not have otherwise been fixed. PGW

assumes that a smaller leak will persist longer than a larger and more noticeable leak and has adjusted the following
measure lifetimes to account for this.

Leak Type Lifetime
Slow Steady Drip 12 weeks
IFast Drip 6 weeks
Small Stream 3 week

6) DHW Pipec Insulation

Unique Measure Code(s): TBD

Draft date: 4/30/12
Effective date: TBD
End date: TBD

Measure Description
This measure relates to installing insulation on hot water pipes.

Definition of Baseline Condition
The bascline condition is the current insulation thickness on the hot water pipe.

% A pood approximation ol annual average water main temperature is the average annual ambient air temperature. Average
water main temperature = 35° F based on: higp#/lwiinede.noaa.govi/img/documentlibrary/clim8 Lsupp3/fiempnormal _hires fpg
0 See assumption Tor low low showerhead.
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Definition of Efficient Condition

The elficient condition is any insulation on the hot water pipe.

If the diameter of the cold/hot feeds directly to/from the storage tank is 1” or less, a maximum length of three feet
for both the cold water inlet and hot water outlet piping above the tank (six total feet) per unit will be included in the
savings calculations under the program and should be installed in accordance with best practices.

For each %" increase in diameter of the hot feed directly from the storage lank beyond 17, an additional 6° length of
pipe insuiation should be installed along the hot water supply piping only and the additional savings will be credited.

Ifa DHW recirculating system is present, all hot water supply and return piping accessible without demolition
should be insulated and the additional savings will be credited.

The thickness of the DHW pipe insulation should be equivalent to the diameter of the piping. For example, a 17
diameter pipe shoukd be insulated with 1™ thick insulation; a 2-1/2” diameter pipe with 2-1/2” thick insulation.”

I the hot water piping diameter is in other than a 2” increment, the dimension should be rounded to the next
protacol increment.

In the ¢vent that the above appears not to caver the specific DHW piping circumstance, suitable pictures and
descriptions should be sent to PGW or their implementation contractor for judgment.

Water Savings Algorithms
This measure has no waler savings associated with it

Natural Gas Savings Algorithms

(Heatl,oss(lf'hb,,se) - HeatLosg('l‘hcﬁ))
REpmw % 1,000,000

Annual Gas Savings (MMitu) = Length X

Where:
Length = Number of linear fect of steam pipe insulaled
Thwse =  Thickness of basc condition insulation (inches)
Therr = Thickness of efficient condition insulation (inches})
Mealloss(x) =  Heal loss through hol water pipe as a function of insulation thickness x (Buw/ft /yr)
REpiw = Recovery efficiency of the hot water heater = 75%7

“HeatLoss(x)" can be found using the following lookup table.

Insulation Heat Loss
Thickness (inches) (Btu/ft/yr)

Bare 268,231

0.5 86,461

1.0 65,350

1.5 51,421

2.0 44,851

2.5 38,544

" Recommendation hased on method pioneered by Gary Klein expert on DHW based in Calitornia
M See assumption for low Now showerhead.
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Insulation Heat Loss
Thickness (inches) (Btu/ftiyry
3.0 36,004
3.5 33,989
4.0 32412
4.5 30,923
5.0 29,872

This table was calculated using the North American Insulation Manufacturers Association’s (NAIMA) 3E Plus 4.0
Insulation Thickness Computer Program. The following assumptions were uscd.

[tem Description dhw pipe insulation

System Application = Pipe - Horizontal
Dimensional Standard = ASTM C 585 Rigid
Calculation Type = Heat Loss Per Hour Report
Process Temperature = |20
Ambienl Temperature = 60
Wind Speed = 0
Nominal Pipe Size = 0.75
Bare Mectal = Capper
Bare Surface Emittance = 0.0
Insulation Layer I =  Polystyrene PIPE, Type Xili, C578-11b
Outer Jacket Material = All Service Jacket
Outer Surface Emittance = 0.9

Electric Savings Algorithms
There are no electric savings associated with this measure.

Freeridership/Spillover
Until studies have been performed to determing the free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
The measure life is assumed to be 20 years™.

7) Hot Water Storage Tank Wrap

Unique Mcasure Code(s): TBD

Draft date: 4/30/12
Effective dae:  TBBD
End date: 0o

T NYSERDA lMome Performance with Encrgy Star
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Measure Description
This measure refers to an insulating “blanket” that is wrapped around the outside of a hot water tank to reduce stand-

by losses. The tank wrap must follow BP] technical standards:

“Water heater insulation wraps shall not cover the top of oil or gas systems, and shall not obstruet the pressure relief
valve, thermostats, hi-limit switeh, plumbing pipes, or aceess plates. A minimum 2-inch clearance is required lrom the
aceess door for gas burners.

Waler heater insulation wraps shall not be installed where forbidden by the manufacturer’s instructions found on the

nameplate,”™

Definition of Baseline Condition
The baseline is the hot water heater 1ank without the insulating blanket.

Definition of Efficient Condition
The efficient candition is the hot waler heater tank with the insulating blanket.

Water Savings Algorithms
There are no water savings due (o this measure,

Natural Gas Savings Algorithms
Gas energy savings result from the reduction in standby losses.

('RL'_EL) x Area % (Ttank ~ Tamp) X %‘
hase eff ' f
AMMBtu = -
REpnw
Where:
AMMBtu = MMBu of saved gas per year
Rer =  R-valuc of the hot water heater with the insulating bianket (h °FF
ft*/Bu)
Rpwe =  Original R-value of the hot water heater (h °F 113/Bw) = 5.07% unless
other information provided
Arca = Surface area of the hot water heater covered by the insulating blanket
(%)
Twax = Temperature inside the tank (°F) = Assume 120 °F il no other
information provided
Tuwe = Temperatore outside the tank (°F) = 55 °F76
8,760 = Number of hours in a ycar
REEmmw = Recovery cificiency of the domestic hot water heater = 75%%
1,000,000 = B to MMBiy

The following table provides assumed insulated surface areas and corresponding deemed savings values for standard
tank insulation blankest

™ Building Performance Institute, Ine, Technical Standards for the Heating Professional, Revised 11/20/07. Page 12,
 Caleulated using the base conduetive heat loss co-elficient and surface arcas fram: New York Standard Approach for
Estimating Energy Savings from Energy Efficiency Programs (October 15, 2010). Page 98

% Assumed Lo be in unconditioned space, ambient temperature assumption based on:
hupHwEnede.nosa.gov/img/documentiibrary/clim8 | supp3/tempnormal_hires.jpg

" See assumplion for low ow showerhead.
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Surface are R-10 R-19
Surface of Cylinder Wrap Wrap
Water Surface Arca Area of minus Annual Annual
Heater Size | Height | Diameter | of Cylinder Accessed Accessed Savings Savings
{(Gal) (Inches)* | (Inches)* (ft}) Areas (ft9)** | Areas (f*) | (MMBtu) | (MMBiu)
30 60 6 209 0.4 20.5 1.6 23
40 6l 16.5 22.0 0.4 21.5 1.6 24
50 33 18 20.8 04 20.4 1.5 23
66 58 20 25.3 0.4 24.9 1.9 2.8
80 58 22 27.8 0.4 274 2.1 3.1

* From New York Stundard Approach for Estimating Energy Savings from Energy Efficiency Programs
(October 15, 2010). Puge 98
¥ A ssuming squere access ared with 4 square and 27 clearance on each side

Electric Savings Algorithms
Thisg measure is assumed to be installed only on a natural gas fired hot water heating systems, so there are no electric
savings associaled with this measure.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Persistence

The persistence factor is assumed to be one.

Measure Lifetimes
The measure life is assumed to be 5 years™.

% Northeast Energy Efficiency Parnerships. Mid-Adlantic Technical Reference Manual (Yersion 1.1). October 2010
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IV. Low Income Retrofit Market

A. Space Heating End Use

1) Efficient Space Heating System

Unique Measure Code(s): TBD

Draft date: 4/13/11
Iiffective date:  TBD
I:nd date: TBD

Measure Description
This measure applics to residential-sized high-efficiency gas furnaces and boilers replacing an existing and
functioning furnace or boiler of lower efficiency.

Definition of Baseline Condition

The efficiency levels (AFUE) of existing and functioning gas-fired furnaces or boilers. [f the manufacturer’s rated
AFUE is available use it in the savings calculations. [f the manufacturer’s rated AFUE is not available, then
calculate the existing heating system AFUE by multiplying the measured Steady State Efficiency by the appropriate

multipliers in the following table:

Distribution Type System Type Defautt Multiplier
Air Forced Air 1.0
Gravity Feed 0.8
Freestanding Heater 0.95
Floor Furnace 0.9
Wall Furnace 0.85
Water Force Circulation (high mass) 0.85
Farce Circulation {low mass) 0.9
Gravity Feed 0.85
Steam 0.75

Source: Building Performance Institute, Technical Standards for the Heating Professional. Revision 11/20/07, p.6.

Definition of Efficient Condition
The installed gas furnace or boiler must have an AFUE greater than the baseline condition,

Gas Savings Algorithms
MMBIu savings are realized due to the increase in AFUE of the new equipment. MM Btu savings vary by equipment

type due o differences in model-specific baseline AFUE and high efficicncy AFUE percentages. Savings arc
calculated from the baseline existing unit to the installed efficient unit.

. . f AI"UHBasc
Annual Gas Savings (MMBtu) = leatinglse X |1 — —————
AFUEy;
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Where;

Annual heating use (MMBtw/yr) from weather normalized usage analysis of customer

FleatingUsc
billing daia from pre-treaiment period. See description below.

AFULngse Efficiency of existing bascline equipment {Annual Fuel Utilization Efliciency)

AlFUEgy Efficiency of new efficient cquipment

Fleating Use weather normalization methods (FeatingUsce):

Method I: Usc a lincar regression model of use/day as a function of HDDG3/day to estimate heating slope
(MMbtu/HDDG63) and bascload daily use (MMBtu/day) with an annual HDD63 of 4033% to calcutate annual

hicating load,

Method 2: Calculate baseload (MMBtu/day) as the third lowest MMBuw/day bill for the analysis year, Then
calculate raw heating use as the sum of monthly billed use minus the — baseload * sum({monthly bill clapsed days),
then caleulate weather adjusted heating usc as raw heating use * (4033/1IDD63aciual).

Electric Savings Algorithms

Electric energy savings result from efficient furnace fans (IECM) that may be included with cfficient furnaces.
Electrical savings from fan motor efficiency does not apply to boilers.

Energy Savings
AkWh =700 kWh

Demand Savings

AkW=10kW
Where:
AkWh = Gross customer annual kWh savings for the measure. Based on 500 kWh heating
scason plus 200 kWh cooling season,
AkKW = Gross customer summer load kW savings for the measure,

Freeridership/Spillover
Until studics have been performed 10 determinge the free ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillover
Gas Furnace % 0%
Gas Furnace with ECM Fan (% 0%
Gas Boiler 0% 0%

M | leating degree days are ealeulated using base 63°F which was sclected based on variable-base degree day regressions of
billing ddta frorm CWP participaits aver the past several years, This value fs ighee than touod for many nor-low inconwe
pepulations in similar elimates and likely reflects the low efficiency of the low income housing stock and also the 1argeting ot
high users by CWP. The use of this FIDD base climinates the need for the degree day correction [actor found in some similar
calculations that use HIDDGS.

30 This value of 4033 MIID63 js the average from NWS data for PHL for the vears 2002 through 2009,
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Persistence
The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime
Gas Furnaces 20
Gas Boilers 25

Source: Lifetime estimates used by Efficiency Vermont.

Water Savings
There are no water savings for this measure.

2) Space Heating System Tune-Up

Unique Measure Code(s): TBD

Drafl date: 1/i/16°
Effective date:  1/1/16
End date: TBD

Measure Description

This measure applies to existing residential-sized gas furnaces and boilers. The wnc-up is to improve the overall
clTiciency of the furnace or boiler by checking, cleaning and adjusting parts relevant to the heating equipment’s
combustion and heat transfer efficiency.

Definition of Baseline Condition _
The efficicncy levels (AFUL) of existing gas-fired furnaces or boilers. Calculate the cxisting heating system AFUE
by multiplying the measured Steady State Efficiency by the appropriate muitiplicrs in the following table:

Distrilnztion Type System Type Default Multiplier
Air Forced Air 1.0
Gravity Feed 0.8
Freestanding Heater 0.95
Floor Furnace 0.9
Wall Furnace 0.85
Water Force Circulation (high mass) 0.85
Force Circulation (low mass) 0.9
Gravily Feed 0.85
Steam 0.75

Source: Building Performance [nstitute, Technical Standards for the Heating Professional, Revision 11/20/07, p.6.

Definitien of Efficient Condition
The efficiency levels (AFUIL) of the gas-fired furnaces or boilers after the tune-up. Calculate the heating system
AFUE by multiplying the measured Steady State Efficiency by the appropriate multipliers in the preceding table.
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Gas Savings Algorithms

MMBtu savings are realized due to the increase in AFUE of the heating equipment. MMBtu savings vary by
equipment type due to differences in medel-specific baseline AFUE and high efficiency AFUE percentages. Savings
are calculated from the baseline existing unit to the unit after the tune-up.

AFUE .
Annual Gas Savings (MMBtu) = Heatinglise x {1 — —..fase

AF Uh];‘j‘f

Where;
HeatingUse =  Annual heating use (MMBtu/yr} from weather normalized usage analysis of customer
billing data from pre-treatment period. Sce description below.
AFUEpg. =  Efficiency of existing space heating equipment (Annual Fuel Utilization Efficiency)
AFUEgy = Efficiency of heating equipment after tune-up

Heating Use weather normalization methods (HeatingUse):

Method 1: Usc a linear regression model of use/day as a function of HDIDG3*!/day to estimale heating slope
{MMbtu/HDD63) and baseload daily use (MMBIu/day) with an annual HDDG63 of 4033% to caleulate annual
heating load.

Method 2: Calculate baseload (MMBtu/day) as the third lowest MMBtu/day bill for the analysis year, Then

calculate raw heating use as the sum of monthly billed use minus the — bascload * sum{monthly bill elapsed days),
then caleulate weather adjusted heating use as raw heating use * (4033/HIDDG63actual).

Electric Savings Algorithms
There are no clectricity savings for this measurc.
Energy Savings

AkWh =0 kWh

Demand Savings

AkW=0kW
Where:
AkWh = Gross customer annual kWh savings for the measure.
AkW = Gross customer summer load kW savings for the measure.

Freeridership/Spillover
Until studies have been performed to determine the fiee ridership and spillover, the values are assumed (o be zero,

&1 |eating degree days are calculated using base 63°F, which was selected. based on variabic-base degree day regressions of
hilling data trom CW¥P participants over the past several years. This value is higher than tound for many non-low income
populations in similar climates and likely reflects the low efficiency of the low income housing stock and also the 1argeting of
high users by CWP. The use of this FIDID base eliminates the need for the degree day correction factor found in some similar
calculations that use HIDGS.

B 'This value of 4033 HDDAG3 is the average from NWS data for PHL for the years 2002 through 2009,
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Equipment Type

Frec Ridership

Spillover

Cias Furnace or Boiler Tune-up

0%

0%

Persistence
The persistence lactor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetinme

Gas Furnace or Boiler Tune-up

Source: Lifetime estimate used by Illinois, Minnesota and New York TRMs,

Water Savings
There are no water savings for this measure.

3) Infiltration Reduction

Unigque Measure Code(s): TBD

Dralt date: 4/13/11
LEfTective date:  TBD
End date: TBD

Measure Description

This involves decreasing the amount of air exchange between the inside of the house or unit and the outdoors
without buffering from any adjacent unit(s) by scaling the sources of leaks, while maintaining minimum air

exchange for air quality..

Definition of Baseline Condition

The baseline is the house in its pre-treatment condition, with opportunitics for infiltration reductions.

Definition of Efficient Condition

Any decrease in infiltration will reduce energy consumption compared to the pre-treated house.

Gas Savings Algorithms

Annual Gas Savings (MMBtu) =

Where:

DD, % 24 X (CFMS0yy — CFM50,,,,)

(21.5 x AFUE x 1,000,000}

MDDy = Feating degree days at lemperature {, where t=63°F il no programmable thermosiat has
been installed and 1=62°F il a programmable therniostat has been installed. From NWS
data for PHL from 2002-2009, HDDG63=4033 and HDD62 = 2820.

fl

24 hours/day

CFM50,,.= CFMS50 of building shell leakage as measured by a blower door test before treatment.

CFMS50p0x

January 1, 2016

CIFM350 of building shell lcakage as measured by a blower door test after treatment,
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21.5=factorto convert CFM50 value to Btu/hrF heat loss rate, caleulated from hourly
infiltration modeling®
AFULE = rated AFUE of healing system. I6'no rating is available then use the method described in
the Efficient Space Heating System section for calculating the AFUL The AFUE of
replacement equipment should be used if the heating system replacement precedes the air
sealing work.

Electric Savings Algorithms

[f the type of air conditioning is known, then use the appropriate algorithm below. 1T the Lype or existence of air-
conditioning is not known, then assume that 83% have air-conditioning and estimate the cooling savings as 83% of a

house with central air conditioning,®*

Reduced furnace fan or boiler circulator pump usage is also likely to occur and provide electricity savings during
both the heating and cooling seasons.

Energy Savings
AkWh = AkWhau + AKWheos

AkWhaux = Annual Gas Savings (MMBtu) x Auxiliary

AkWheool =0 kWh il house has no air conditioning
= AkWhg ¢ il house has central air conditioning
= AkWhp e 1f house has room air conditioning
= 83% x AkWhe if no information about air conditioner

CDD X 24 % DUA X (CFM50,,, — CFM50,05 )
. - W
(215 x SEERcac X mOOW)
CDD X 24 % DUA % Fggom ac X (CFM50,,, — CFM50,,4,)

) — W
(215 x FERyac % 1000 57)

AkWhCAC =

AkWhy o =

Demand Savings

AkW =0 kW if house has no air conditioning
= Ak W ¢ it house has central air conditioning
= Ak Wy e il house has room air conditioning

_ "-\kWth\C

AkWeae = i, CFeac

cool
 BkWhpae
EFL Hcoul RALC

AkWpace *CFpac

Where:
AkWh = gross customer annual kWh savings lor the mcasure.

AkW = gross customer summer load kW savings for the measure,

8 An hourdy infiltration was caleulated using a modified version ol the LBL (a.k.a. Sherman=Girimsrud) infiktration model with o
wind efteet modiffcation (1:PR] RI® 2034-46, Patmiter and Bond 1991) using Philadelphia TMY2 hourly weather data. This
analysis result was then adjusted to account for an assumed party wall leakage fraction of 12% and an estimated 10% thermal
regain from infiltration/ex(iltratiom, ‘Fhe resulling value of' 21.5 is consistent with statistical analyses ol empirical data using
CFMS0 values and actual gas use and savings from CWP evaluations.

¥ percentage of ouses with zic-canditioning from ElA Table ACILxls lor Middle Adantic region (PA, NY, NJ}. Fron:
hup:iiwww.eiadoe.goviemen/rees/rees2005/he2005_tables/detailed_tables2005.html

January |, 2016
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Auxiliary = Healing system auxiliary usage per MMBTU consumption (5.02 From
Vermont Technical Reference Manual)

CDD = Cooling Degree Days (Degrees I * Days)HDD

DUA = Discretionary Use Adjustiment to account for the fact thal people do not

always operate their air conditioning system when the outside
temperalure js grealer than 65F.

SEERcac = Seasonal Energy Efficiency Ratio of existing home central air
conditioner (Btu/Wshr) (See table helow for default values if actual values
are not available)

EERpac = Average Energy Efficiency Ratio of existing room air conditioner
{(BiuW=hr) (See table below for default values if actual values are not
available)

CFcac = Demand Coincidence Factor for central AC systems (See table below)

CFrac = Demand Caincidence Factor for Room AC sysfems (See table befow)

EFLHco0 = Equivalent Full Load Cooling hours for Central AC and ASHP (See
table below)

EFLHeoorrAC = Equivalent Full Load Cooling hours for Room AC (See table below)

Froom ac = Adjustment factor to relale insulated area lo area served by Room AC
units

The default values for cach term are shown in the table below.

Default values for algorithm terms, Ceiling/Attic and Wali Insulation

Term | Type | value | 'source
DUA Fixed Q.75 OH TRME®
SEERcac Variable Default values: PUC Technical Reference Manual

Early Replacement = 10
Replace on Burnout = 13

Nameplate Contractor Data Gathering
EERg¢ Variable Default = 9.8 DOE Federal Test Procedure 10 CFR 430,
Appendix F {Used in ES Calculator for baseline)
Nameplate Contractor Data Gathering
CFeac Fixed 0.70 PUC Technical Reference Manual
CFrac Fixed 0.58 PUC Technical Reference Manual
FRoemaC Fixed 0.38 Calculated?®®

8 “State of Ohio Energy Elliciency Technical Reference Manual,” prepared for the Public Utilitics Commission of Ohio by
Vermont Energy Investment Caorporation. August 6, 2010,

January [, 2016
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EFLH, CDD and HDD by City
EFtHeool | EFLHcosirac CDD (Base 65)® | HDD (Base 65)%
City {Hours)® {Hours)®
Philadelphia 1032 320 1235 4759

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed 1o be zcro.

Measure Free Ridership Spillover
Infiltration Reduction 0% ) 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Measure Measure Lifetime

Infiltration Reduction 20
Source: NYSERDA Home Performance with Energy Star.

Water Savings
There are no water savings for this measure.

4) Roof and Cavity Insulation

Uinigue Measure Code{s): TBD

Draft date: 4/13/11
Effective date:  TBD
End date: TBD

Measure Description
This invalves increasing the insulation levels in either the attic or walls which direetly define the boundary between

the house or unit and the cutdoors.

Definition of Baseline Condition
‘The baseline is amount of insulation in the house in its pre-treatment condition,

8 rom PECO baseline study, average home size = 2323 1%, average number of room AC units per hotne = 2.1, Average Room
AC capacity = 10,000 Btull per ENERGY STAR Room AC Caleulator, which serves 4253 12 (average between 400 and 4350 12
foe 10,000 Brall unit per ENERGY S$TAR Room AC sizing chart), Fraomac = (425 1 * 2.1)/(2323 1% = 0.38

ATPA 2010 TRM Table 2-1.

B PA SWI Interim Approvéd TRM Protocol — Residential Room AC Retirement

5 Climatography of the United States No. §1. Monthly Station Normals ol Temperature, Precipitation, and Meating and Cooling
Degree Lays 1971-2000, 36 Pennsy lvania. NOAA. Jutpeffedo nede.noaa.gov/elimatenormals/clim8 1/1 Anorm. pdt

20 Jhid.
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Definition of Efficient Condition
Any increase in insulation will reduce energy consumption compared to the pre-treated house.

Gas Savings Algorithms

_ . 1 _1
HDD, x 24 X AREA ><( /Rpre /Rpm)

Annual Gas Savings (MMBtu) = CAFUE x 1,000,009
Where:
HDD, = Heating degree days al lemperature t, where (=63°F if no programmablie thermostat
has been installed and t=62°F if a programmable thermastat has been installed™.
24 = Hours per day
AREA = Netinsulated area in square feet. Estimated at 85% of gross area for cavities,

Rye = Rvalue of rooffcavity pre-treatment. Ry..= 5 unless there is existing insulation,

Rpx = R value of rooff cavity after insulation s instalied.

AFUE = Rated AFUE of heating system. 1 no rating is available then use the method
described in the Efficient Space Heating System section for calculating the AFUL.
The AFULL of replacement equipment should be used if the heating system
replacement precedes the air sealing work,

Electric Savings Algorithms
If the type of air conditioning is known, then use the appropriate algorithnt below. Tf the Lype or existence of air-
conditioning is not known, then assume that 83% have air-conditioning and estimate the cooling savings as 83% of a

92

house with central air conditioning.

Reduced furnace fan or boiler circulator pump usage is also likely to occur and provide electricity savings during
both the heating and cooling seasons.

Energy Savings
AkWh = AkWhay + AkWhega

AKWh v = Annual Gas Savings (MMBtu) x Auxiliary

AW = 0 kWh if house has no air conditioning
= AkWheac if house has central air conditioning
= Ak Whysc if house has room air conditioning
= 83% x AkWhgac if no information about air conditioner

CDDx24-d';—"y><DUA L
AkWhe = x[mum x( - )]

SEER¢ac* 1000 13 Rore Rpost

M Fram NWS data for PHL from 2002-2009. HDD63=4033 and HIXDG62 = 3820
%2 fereentage of houses with air-conditioning from FIA Table ACH.x1s for Middle Atlantic region (PA, NY, NJ}. From:
httpe/www.eia.doe.goviemewrees/rees2005/he2005_tables/detailed_tables2005 . htmi

January 1, 2016
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hr

CDD=24 Jay XDUARF g 0m AC | |
AkWhgae = - W % [AREA X (T )l
EERgacx1000 4 pre Rpost /|
Demand Savings
AkW =0 kW if house has no air conditioning
= Ak W ac if house has central air conditioning
= AkWpac if house has room air conditioning
AkWh,
AkWe e = ot *Cleae
EFLH, .
AkWh
AkWp e = P Clpc

EFLH 0 rAC
Where:
AkWh = gross customer annual kWh savings for the measure.

AkW = gross customer summer load kW savings for the measure.
Auxiliary = Heating system auxiliary usage per MMBTU consumption (5.02 From

Vermont Technical Reference Manual)
cDD = Cooling Degree Days (Degrees F * Days)HDD

DUA = Discretionary Use Adjustment to account for the fact that people do not
atways operate their air conditioning system when the ouéside
temperature is greater than 65F.

SEERcac = Seasonal Energy Efficiency Ralio of existing home cenlral air
conditioner {(Blu/W=hr) {See table below for default values if actual values

are nof available)

EERpae = Average Energy Efficiency Ratio of existing room air conditioner
(Bturwshr) {See table below for default values if actual values are not
available)

CFeac = Demand Coincidence Factor for central AC systems (See table below)

CFrac = Demand Coincidence Factor for Room AC systems (See table below)

EFLHeoor = Equivalent Full Load Cooling houirs for Central AC and ASHP (See
table below)

EFLHeoot RAC = Equivalent Full Load Cooling hours for Room AC (See table below)

Froom ac = Adjustment factor to relate insulated area lo area served by Room AC
units

The default values for cach term are shown in the table below.

Janvary 1, 2016
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Default values for algorithm terms, Ceiling/Attic and Wall Insulation

Term ' Type ‘ Value Source
DUA Fixed 0.75 OH TRM®*
SEERcac Variable Default values: PUC Technical Reference Manual

Early Replacement = 10
Replace on Burnout = 13

Nameplaie Contractor Data Gathering

EERpuc Variable Default = 9.8 DOE Federal Test Procedure 10 CFR 430,
Appendix F (Used in ES Calculator for baseline}

Nameplate Contractor Oata Gathering
CFecac Fixed 0.70 PUC Technical Reference Manual
CFrac Fixed 0.58 PUC Technical Reference Manual
Froom.ac Fixed 0.38 Caloulated®

EFLH, CDD and HOD by City
EFLHzoal | EFLHecootrac | CDD.(Base'65)%" | HDD (Base 65)%

City (Hours)®® (Houis)%
Philadelphia 7 1032 320 71235 4759

Freeridership/Spillover
Until studies have been performed to determine the (ree ridership and spillover, the values are assumed to be zero.

Measure Free Ridership Spillover
Insulation 0% 0%
Persistence

The persistence factor is assumed to be one.

U ~Sate of Ohio Energy Efficiency Teehnical Reference Manual,” prepared for the Public Utilitics Commission ol Ohio by
Vermont Energy Investment Corparation, August 6, 2010,

M From PECO baseline study, average home size = 2323 12, average number of room AC units per home = 2.1, Average Room
AC capacity = 10,000 Bl per ENERGY STAR Room AC Calculator, which serves 425 (1 {average between 400 and 450 (2
for 10.000 13wk unit per ENERGY STAR Room AC sizing chart). Froam,Ac = (425 f12 * 2.1)/(2323 11 =0.38

¥ PA 2010 TRM Table 2-1.

% PA SWE Interim Approved TRM Protocs! ~ Residential Room AC Retirement

T Climatography of the United States No. 81, Monthly Station Normals of Temperature, Precipitation, and Heating and Cooling
Degree Days 1971-2000, 36 Pennsylvania. NOAA. hup:/edo.nede.noaa.govielimatenormals/clim8 /P Angrm,pd(

" Ihid.

January 1, 2016
Philadelphia Gas Works: EnergySense



Measure Lifetimes

58

Measure Measure Lifetime
Roof Insulation 40
Cavity Insulation 40

Source: NYSERDA Home Performance with Energy Star.

Water Savings

There are no water savings {or this measure.

5) Programmable Thermostat

Unigue Measure Code(s): TBD

Drafi date: 4/13/11
Effective date:  TBD
End date: TBD

Measure Description

This is a programmahle thermostat controlling a residential-sized gas furnace or boiler.

Definition of Baseline Condition
The baseline is a manual thermostat where cach temperature setting change requires human intervention.

Definition of Efficient Condition
The efficient thermostat is onc thal can be programmed to automatically increase or lower the iemperature seiting at

different times of the day and week.

Gas Savings Algorithms

Annual Gas Savings (MMBtu) = Heatinglise X (l - ”DDSZ/;“)DH) = HeatinglUse X 0.053

Where:

IHeatingUsc

I'[[)Dﬁ:

HDDg

fanuary 1,2016

= 1.53 MMBtu

Annual heating use (MMBLu/yr) from weather normalized usage analysis of customer
billing data from pre-treatment period (see description under heating system
replacement). If thermostat measure is performed alter shell measures of insulation
or air scafing, then subtract the projected savings from those measures from the pre
retrofit heating use.

3820

The annual heating degree days based on 62°F, represeniing the estimated balance
point temperature of the home wilh the programmable thermostat.

4033

The annual heating degree days based on 63°F, representing the estimated balance
point temperature of the home with the programmable thermostat,

Philadelphia Gas Works: EnergySense



59

An analysis of variable base degree day billing data from the CWP has found an average net reduction in balance
point temperature of about 1.0°1F for thermostat installations. Multiple impact cvaluations have also found heating
savings averaging about 5%-6% from thermostat inslallations. These two findings arc consistent with each other and
indicate an estimated average tmpact based on employing the approach from past CWP contractors (o targeting
customers and selecting homes to receive thermaostats and the savings opportunities and compliance rates achicved.
The savings may nol be accurate when applied to different populations in different ways.

Electric Savings Algorithms

If the type of air conditioning is known, then use the appropriate algorithm below. [f the type or exisience of air-
conditioning is not known, then assume that 83% have air-conditioning and estimate the cooling savings as 83% of 2

house with central air conditioning.”

Reduced furnace fan or boiler circulalor pump usage is also likely to occur and provide electricity savings during
both the heating and cooling seasons, but these auxiliary savings are not accounted for in the following algorithms.

Energy Savings
AkWh = AkWhau + AKWheaol

AkWh Aux = Annual Gas Savings (MMBtu) x Auxiliary

AKWheaol = 0 kWh il house has no air conditioning
= AkWheae il house has central air conditioning
= 0 if house has room air conditioning
= 83% x AkWhg,c if no information about air conditioner

Bt 1 kwh
12,000 750 X 7500 Wh

X EFLH x KSF
EHRCOOL X Effduct coolL

AkWihicae = CAPpoq), X

Demand Savings

AkW =0 kW
Where:

AkWh = grgss customer annual kWh savings for the measure,

AkW = pross customer summer load kW savings for the measure.

CAPcoot = capacily of the air conditioning unit in tons, based on nameplate

capacily (see table below)

EERcooL = Seasonally averaged efficiency rating of the baseline unit . (see table
below)

Effouet = duct system efficiency (see fable below)

ESFcoot = energy savings factor for cooling and healing, respectively (see table
below)

% Percentage of houses with ait-conditioning ffom ElA Table ACI.xIs for Middle Adantic region (PA, NY, NI From:
huge/fwww.cia.doc.goviemeu/rees/rees2005/he2005_tables/detailed_tables2005. htm)

January [, 2016
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EFLH = equivalent full load hours
Residential Electric HYAC Calculation Assumptions
Component Type Value. Sources
CAPcooL Vériable Nameplate data Contractor Data
Gathering
Default: 3 tons 1
EERccoL Variable Nameplate data Contractor Data
Gathering
Default: Cooling = 10 SEER 2
Default: Heating = 1.0 (electric furnace COP)
Effaue Fixed 0.8 3
ESFeooL Fixed 2% 4
EFLH Fixed Philadelphia Cooling = 1,032 Hours 5
Sources:

8. Average size of residential air conditioner.

7. Minimum Federal Standard for,new Central Air Conditioners/Heat Pumps between 1990 and

20086.

8. New York Standard Approach for Estimating Energy Savings from Energy Efficiency Measures in
Commercial and Industrial Programs, September 1, 2009.

9. DEER 2005 cooling savings for climate zone 16, assumes a variety of thermostat usage patterns.

10. US Department of Energy, ENERGY STAR Calculator. Accessed 3/16/2009,

Freeridership/Spillover
Until studics have been performed to determine the free ridership and spillover, the values are assumed 10 be zcro.

Equipment Type

Free Ridership

Spillover

Programmable Thermoslat

0%

0%

Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type

Measure Lifetime

Programmable Thermostat

15

Source: New Jersey Clean Energy Program Prolocols (December 2009).

Water Savings

January 1, 2016
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There arc no water savings for this measure.

6) Duct Work Insulation

Unigque Measure Code(s): TBD

Draft date: 7/28/11
Effective date: T
IEnd date: TRD

Measure Description
This measure relates to installing insulation on ducts in unconditioned spaces.

Definition of Baseline Condition
The baseline condition is assumed (o be an un-insulated duct.

Definition of Efficient Condition
The efficient condition is the duct with insulation installed.

Water Savings Algorithms
This measure has no water savings associated with it

Natural Gas Savings Algorithms

Flilpen  (/1€th0SS(Thygs,) — HeatLoss(Thegy))
24 X 365 AFUE x 1,000,000

Annual Gas Savings (MMBtw) = Length x

Where:

Length = Number of lincar feet of duct work insulated
EFLMHy =  LEquivalent full load heating hours = 730 hours
Thuse = Thickness of base condition insulation {inches)

Thur = Thickness of efficient condition insulation (inches)

Heatloss(x) =  [cat loss (through duct work as a function of insulation thickness x (Btu/ft fyr)
AFUE = Rated AFUE of heatling system. 1f no rating is available then use the method

deseribed in the Efficient Space Heating System section for calculating the AFUL.
The AFUE of replacement equipment should be used if the heating system
replacement precedes the duct work insulation.

“Heatloss(x)” can be found using the following lookup table,

Insulation Heat Loss
Thickness (inches) (Btufft/yr)
Bare 1,120,000

0.25 339,500

0.5 205,300

0.75 190,700

| 128.300

1.5 93,970

January 1, 2016
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Insulation Heat Loss
Thickness (inches} (Btu/ft/yr)
2 74,370
2.5 61,620
3 52,650
3.5 45,990
4 40,830

62

This table was calculated using the North American Insulation Manufacturers Associalion’s (NAIMA) 32 Plus 4.0
Insulation Thickness Computer Program. The following assumptions were used.

Item Description
Caleulation Type
Geometry Description
System Units

Bare Surface Emittance
Process Temperature

Ave, Ambient Temperature
Ave. Wind Speed

Relative Humidity

Dew Point

Condensation Control Thickness
Hours Per Year

Quter Jacket Material
Outer Surface Emittance

Insulation Layer |

Duct Horiz Dimension

Duct Vert Dimension

Electric Savings Algorithins

bare duct

Heat Loss Per Year Report
Steel Duct - Rectangular Hore.
ASTM C585

0.8

140 °F

41.8 °F1%0

0 mph

N/A

N/A

N/A

2000

Aluminum, oxidized, in service
0.1

Duct Wrap, 1.0 pound per cubic foot,
C1290,
12 in.

8in.

No clectric savings are currently claimed for this mcasure.

Frecridership/Spillover

Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Persistence

The persistence [actor is asswmed to be one,

Measure Lifetimes

The measure life is assumed to 18 ycars'™.

1% Ayerage winter temperature for Philadelphia from “Cost Savings and Comtort for Existing Buildings™, 3rd Edition, by John
Krigger, Saturn Resovrce Managemenl. Page 255.
UL Leow end af 2,000 — 2,500 winter heating load hours [rom Alr-conditioning and Refrigeration Institute,

hitp:Avweww.waterturnace.ca/lingineer/Mise%20 Relerenees/ARI%20Cooling%20& %20 Heating %201 oad %4620 Hours%20Map.pd !

12 NYSERDA Home Performance with Energy Star

January 1, 2016
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7) Heating Pipe Insulation

Unique Measure Code(s): TBD

Drafl date: 7/28/11
Effective date:  TBD
End date: TBD

Measure Description
‘This measure relates to installing insulation on space healing pipes in unconditioned spaces.

Definition of Baseline Condition
The baseline condition is the current insulation thickness on a space heating hot water or stcam pipe.

Definition of Efficient Condition
The efficient condition is any insulation thicker than that already on the pipe.

Water Savings Algorithms
This measure has no water savings associaled with it

Natural Gas Savings Algorithms

(Heatloss(Thyase) ~ IHeatloss(The,))
AFUE % 1,000,000

Annual Gas Savings (MMBtu) = Length X Hyga %

HDD x 24 4,033 x 24

n = = 1,640
Heat Dt 59
Where:
Length = Number of lincar feet of heating pipe insulated
Hyear = Heating hours for a properly sized boiler. Used as an estimate of the hours in which
the space-heating pipe would be hotter than the ambient lemperature and would
therefore expericnce heat loss.
These = Thickness of base condition insulation {inches)

Thar = Thickness of efficicnt condition insulation (inches)
HeatlLoss(x) = Heat loss through pipe as a function of insulation thickness x (13t/fi /hr)
AFUE = Rated AFUE of heating system. 1fno rating is available then use the method
described in the Efficient Space Heating System section for caleulating the AFUL,
The AFUL of replacement equipment should be used il the heating system
replacement precedes the pipe insulation.
HDD = Basc 63° I Healing Degree Days for Philadelphia = 4,033'0°
Dt = Design temperature difference (assume from e I to 70° F for properly sized
boiler)'™ = 59° |

“HeatlLoss(x)” can be found using the following lookup table.

19 Based on NCIDC ASOS temperature data for PHIL from 2002 through 2009,
193 1| degree design temperature source: 5™ Edition Residential Energy, Cost Savings and Comfart lor Existing Buildings, Joha
Krigger and Chris Dorsi, 2009, Saturn Resource Managemeat, Appendix A-8, p. 280.

January |, 2016
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Insulation Steam Heat Loss | {ot Water Heat
Thickness (inches) (Btu/ft/hr) Loss (Btu/ft/hr)
Bare 201.4 72.12
(.5 47.75 15,24
1.0 3115 11.2
1.5 24,09 8.67
2.0 20.28 7.51
2.5 17,98 6.42
3.0 16.35 5.98
3.5 15.13 5.64
4.0 14,06 5.37
4.5 13.31 §.12

This table was caleulated using the North American [nsulation Manufacturers Association’s (NAIMA) 3E Plus 4.0

Insulation Thickness Computer Program. The following assumplions were uscd.

ltem Description

Sysiem Application

Dimensional Standard
Calculation Type
Process Temperature

Ambicnt Temperature

Wind Speed
Nominal Pipe Size
Bare Metal

Bare Surface Emittance

Insulation Layer |
Ouler Jacket Material

Quter Surface Emittance

Item Description

System Application

Dimensional Standard

Calculation Type

Process Temperature

Ambient Temperature

Wind Speed

Nominal Pipe Size

Bare Metal

Bare Surface Emitlance

Insulation Layer |
Oulter Jacket Matcerial

Guter Surface Emittance

January 1, 2016

steam piping

Pipe - Horizontal

ASTM C 585 Rigid

Fleat Loss Per Hour Report
212

G0

0

2

Copper

0.6

850F Mineral Fiber PIPE, Type [, C547-11
All Service Jacket

0.9

hot water piping

Pipe - Horizontal

ASTM C 585 Rigid

Heat Loss Per Hour Report
180

60

0

0.75

Copper

0.6

Phenolic SHEETHTUBE, Type 11, C1126-11
All Service Jackel

0.9
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[lectric Savings Algorithms
There are no clectric savings associated with this measure.

Freeridership/Spillover
Until studies have been performed (o determine the free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence Tactor is assumed Lo be one.

Measure Lifetimes

The measure life is assumed to be 20 years',

8) Duct Work Sealing

Unigque Measure Code(s): TBD

Draft date: 4/30/2013
Effective date:  TBD
End date: TBD

Measure Description
This measure provides estimates for stand-along savings from sealing ducts in a relrofit project and preventing
heated air from leaking into unconditioned spaces. In order to verily savings, a duct-leakage test must be used to

caleulate a reduction in CFM-25 readings.

Definition of Baseline Condition
The bascline condition is assumed to be a duct that has not been scaled.

Definition of Efficient Condition
The efficient condition is a duct that has been sealed to reduce outside leakage.

Water Savings Algorithms
This measure has no water savings associated with il.

Natural Gas Savings Algorithms

Annual Gas Savings (MMBiw) = (CFMpre — CFMpost) x DSFgas

Where:
CFMpre = Reading from duct-blaster test at 25 pascals, before scaling performed
CFMpost =  Reading from duct-blaster test at 25 pascals, after sealing performed

1l

DSFgas Duct scaling factor for gas systems, 0.035 MMBuus/CFM-25'%

Electric Savings Algorithms
Electric savings per 100 CFM-25 reduction:
e 110.0 kWh in heating fan savings

107

W8 NYSERDA Home Performance with Energy Star

6 ysed on 3.5 MMBtus savings per 100 CFM reduction for duct scaling from UVCL&P Program Savings Documentation —
2011, page 131

197 I/CL&P PProgram Savigns Documentation, 2011, page 131

January 1, 2016
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e Ifacentral air condilioner is present
¢ 1059 kWh from cooling
o 0.23 kW summer peak demand savings

Freeridership/Spillover
Until studics have been performed to determine the free ridership and spillover, the values are assumed to be zera.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes

‘The measure lile is assumed 10 18 years'™,

9) High Efficiency Window

Unique Measure Code(s): TBD

Drafl date: 7/29/13
Liffective date:  TBD
Iind date: TBD

Measure Description
This invalves installing a window with a U-factor less than a baseline window.

Definition of Baseline Condition
The baseline is the minimum window required by code, IECC 2009 for Philadelphia requires a U-factor of .35 or

less.

Definition of Efficient Condition
An efficient window is any window exceeding Energy Star® requirements for U-factor of 0.32 or less.
Gas Savings Algorithms

HDD, X 24 X AREA X (Uppee = Usrr)
(AIFUE % 1,000,000)

Annual Gas Savings (MMBtu) =

Where:
HDD, = Heating degree days at temperature 1, where (=63°F il no programmable thermostat
has been installed and (=62°F il a programmable thermostal has been installed ',

24 = HMours per day

AREA = Square feet of window area.

Upae = U-faclor of new baseline window, U= 0.35 based on IECC 2009,

Uy = U-factor of efficient window.

AFUE = Rated AFUE of heating system. 11 no rating is available then use the method

described in the Efficient Space Heating System section for caleulating the AFUL.
The AFUE af replacement equipment should be used if the heating system

08 Catifbrnia DEER estimage.
19 From NWS data for PHL lrom 2002-2009, HDDG3=4033 and HDID62 = 3820
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replacement precedes the air sealing work. Usce default AFUE ol 80% if aciual AFUE
is not available.

Electric Savings Algorithms

I the type of air conditioning is known, then use the appropriate algorithm below. [f the type or existence ol air-
conditioning is not known, then assume that 83% have air-conditioning and estimate the cooling savings as 83% of a
housc with central air conditioning. '

Reduced furnace fan or boiler circulator pump usage is aiso likely to occur and provide electricity savings during
both the heating and cooling scasons.

Energy Savings
AkWh = AkWhAm + AkWhCmﬂ

AkWhaux = Annual Gas Savings (MMBtu) x Auxiliary

Ak Whegal = 0 kWh if house has no air conditioning
= AkWhg,c if house has central air conditioning
= AkWhy ¢ if house has room air conditioning
= 83% ¥ AkWhe ¢ if no information about air conditioner

CDDx24a]‘—'y><DUA L
L\kWhCJ\C W [AR];A X (}é—-R )]
SEERcAc* 1000 =5 pre 'post
(.DD><24§'— *DUAXFgoom ac L
AkWhy e = =1 [ARHA x ( - )]
EERgac* lOOOEW pre {post
Demand Savings
AkW =0 kW if house has no air conditioning
= Ak W ac il housc has central air conditioning
= AkWp ¢ if house has room air conditioning
AkWhe e
e = ——xCF
AkWeae EFLH,, CAC
_ AkWhRAC

AkWyac *ClFuac

EFLH g1 rac
Where:
AkWh = gross customer annual kWh savings for the measure.
AkW = gross customer simmer Joad kW savings for the measure,
Auxiliary = Healing system auxiliary usage per MMBTL consumption {5.02 From

Vermont Technical Reference Manual)
coD = Cooling Degree Days (Degrees F * Days)HOD

DUA = Discretionary Use Adjustment to account for the fact that people do not
always operate their air conditioning system when the oulside
temperature is grealer than 65F.

10 pereentage of houses with air-conditioning from EIA Table ACHExIs for Middle Atlantic region (PA, NY, NJ). [aom
http://www.cin.doe.goviemew/rees/recs2005/mc2003_tables/detailed_tables2005.html

January 1, 2016
Philadelphia Gas Works: EnergySense



The default values for each term are shown in the table below.

SEERcac

EERusc

CFecac
Chrac

E FLHcooI

EFLHcoot rRAC

FRaom AC
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= Seasonal Energy Efficiency Ratio of existing home central air
conditioner (Biu/MV=hr) (See table below for defauit values if actual values

are not available)

= Average Energy Efficiency Ratio of existing room air conditioner
{Biu/W=hr) (See table below for default values if actual values are not

available)

= Demand Coincidence Faclor for central AC systems (See fable below)

= Demand Coincidence Factor for Room AC systems (See fable below)

= Equivalent Full Load Cooling hours for Central AC and ASHFP (See

table below)

= Equivalent Fult Load Cooling hours for Room AC (See table below)

= Adjustment factor fo relate insufated area [0 area served by Room AC

units

Default values for algorithm terms, Ceiling/Attic and Wall Insulation

Term Type | value Source
DuA Fixed 0.75 VVOH TRM!
SEERcac Variable Default values: PUC Technical Reference Manual
Early Replacement = 10
Replace on Burnout = 13
Nameplate Contractor Data Gathering
YERgac Variable Default = 9.8 DOQE Federal Test Procedure 10 CFR 430,
Appendix F (Used in ES Calculator for baseline)
Nameplate Contractor Data Gathering
CFeac Fixed 0.70 PUC Technical Reference Manual
CFrac Fixed 0.58 PUC Technical Reference Manual
Froom,ac Fixed 0.38 Calculated ?

N =Qiate of Ohio Energy Efficicacy Techaical Reference Manual.” prepared for the Public Ulilities Commission of Ohio by
Vermont Energy Investment Corporation. August 6, 2014,
112 From PECO baseline study. average home size = 2323 fi% average number of room AC unils per home =2.1. Average Room
AC capacity = 10,000 BiuH per ENERGY STAR Room AC Caleulator. which serves 425 2 {average between 400 and 450 {t2
for 10,000 Bl unit per ENERGY STAR Room AC sizing chart). Freamae = (425 12 % 2.1)/(2323 17)=0.38

January

1,2016

Philadelphia Gas Works: EnergySense




4G9

EFLH, CDD and HDD by City
EFLHcoal EFLHcoorrAC CDD(Base HDD {Base
City (Hours) 113 (Hours)** 65)115 65)115
Philadelphia 1032 320 1235 4759

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spitlover, the values are assumed 1o be zero.

Measure Free Ridership Spillover
Window 0% %
Persistence

The persistence factor is assumed to be one.

Measure Lifetime

Measure Measure Lifetime

Window 30
Source: NREL Measure Database.

Water Savings
There are no water savings lor this measure.

LI PA 2010 TRM Table 2-1.

W PA SWE Interim Approved TRM Prolocol — Residential Room AC Retirement

15 Climatography of the United States No, 81. Monthly Station Normals ol Temperature, Precipitation, and Heating and Cooling
Degree Days 1971-2000, 36 Pennsy lvania. NOAA. hup:edo.nede.nvag. govielimatenormals/clin 1/ Anorm. pd{

116 Thid.
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B. Domestic Hot Water End Use
1) Low Flow Showerhead

Unique Measure Code(s): TBD

Drafl date: 6/8/11
Effective date:  TBD
End date: TBD

Measure Description
This mecasure relates 1o the installation oi’a low flow showerhicad in a home. This is a retrofit direct install measure.

Definition of Baseline Condition
The bascline is the flow rate of the showerhead being replaced. If this is not available a baseling value of 2.5 GPM

will be used,

Definition of Efficient Condition
The flow rate of the efficient showerhead should be greater than the flow rate of the baseline condition. If this value
is not available it is assumed to be 1.5 GPM!'7,

Water Savings Algorithms
The water savings for low flow showerheads are due to the reduced amount of water being used per shower.

(G”Mbﬂse“ GPMG”) x 248 x 11.6 X 365

. _ GPMbase
AGallons = e
Where:
AGallons = Gallons of water saved

GPMuyse = Maximum gallons per minutc of baselinc showerhead. Defaull = 2.5

GPM if measured rate is not available!''®
GPMy = Maximum gallons per minute of the efficient showerhead
2.48 = Average number of people per househald'*?
1.6 = Average gallons of water per person per day used for showering '
365 = Days per year
16 = Average number of showers per home'?!

Natural Gas Savings Algorithms

17 pennsybvania Public Utility Commission Act 129 Technical Relerence Manual (June 2011)
N8 he nergy Policy Act of 1992 established the maximum flow rate for showerbeads at 2.5 gallons per minute (GI'M)
1% Pennsy lvania, Census of Population, 2000.
126 Most commonly quated value of gallons ol water used per person per day (including in U.S. Environmental Protection
Agency’s Uwater sense” documents; htipe/fwwsy.epa.goviwatersense/docs/home_suppstat308.pdf)
121 Egtimate based on review of a number of studies:
¢)  Pacific Northwest Laboratory: "Energy Savings from Energy-Eificient Showerheads: REMP Cuse Study Resulis,
Proposed Cvaluation Algorithm., and Program Design {mplications”
Itpz/iwww.ostigov/bridge/purl.cover,jspjsessionid=80456EFO0AABY4 DR204ESI8BATAGSF 1997 purl=/ 101 85385~
ClikZMEk/Mmative/
d)  Last Bay Municipal Utility District: "Water Conservation Market Penetration Study”
http:/rwwaw.chmud. com/sites/defaalt/files/pd (s/market_penctration_study_Q.pdf’
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Gias cnergy savings result from avoiding having to heat the saved water due Lo the efficient showerhead.

[AGations x 8.3 x ¢, x (105 — 55)] / 1,000,000

AMMBtu Rinmes
Where:
AMMPBtu = MMDBUlu of saved natural gas
83 = Constant to convert gallons to pounds (Ibs}
ey = Average speeific heal of waler at temperature range (1.00 Bru/lb-°F)
105 = Assumed temperature of water coming out of showerhead (degrees
Fahrenheit)
55 = Assumed temperature of water entering house {degrees Fahrenheit) '™
Rlzpine = Recovery cfficiency of the domestic hot water healer = 75%'%

Electric Savings Algorithms
It is assumed that all low flow showerheads installed under PGW?s ELIRP program are installed in homes that heat

water using natural gas. There are no additional cleciric savings claimed.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes

The measure life of a low flow showerhead is assumed to be 9 years ',

2) Low Flow Faucet Aerators

Unique Measure Code(s): TBD

Draft date: 6/8/11
Effective date:  TBD
End date: TBD

Measure Deseription
This measure relates o the installation of a low flow faucet acrator in either a kitchen or bathroont,

Definition of Baseline Condition
The bascline is the flow rate of the existing faucet. [1 this is not available, it is generally assumed that a faucet will

alrcady have a standard faucet acrator vsing 2.2 GPM.

Definition of Efficient Condition
The elMicient condition is a faucet acrator that has a flow rate lower than the baseline condition. I this value is not

available than the Mow rate is assumed to be 1.5 GPM '™,

122 A good approximation of annual average water main temperature is the average annual ambient air lemperature. Average
waler main temperature = 55° IF based on: hitp:/lwl nede.noaa.gov/img/documentlibrary/clim8 Isupp3/tempnormal_hires.jpg

123 Review af AHIR] Dircetory sugpests range of recovery cfficieney ratings for new Gas DHW units of 70-87%. The average af
existing units is estimated at 75% hy the Northeast Energy Efficiency Parinerships™ Mid-Atlantic Technical Reference Manual
Version 1.1 (October 2010).

129 Pennsylvania Public Utility Commission Act 129 Technical Reference Manual (June 2011)

125 Pennsy lvania Public Utility Commission Act 129 Technical Reference Manual (June 2011)
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Water Savings Algorithms
The water savings for low tlow faucet acrators are due to the reduced amount of water being used per minute that

flows down the drain (instead of being collected in the sink).

(G‘”Mbuse‘ C’PM“ff) X 2.48 x 10.9 X 365 X 50%

Y — GPMbase
AGallons = 35
Wihere:
AGallons = Gallons of water saved
G P My = Callons per minute of basclinc showerhead = 2.2 GMP'*
GPMy = Gallons per minute of the efficient showerhcad
2.48 = Average number of people per househaold '?
10.9 = Average gallons per day used by faucet'?®
365 = Days per year
50% = Drain rate, the percentage of water flowing down the drain'®
3.5 = Average Number of Faucets per home'¥°

Natural Gas Savings Algorithms
Gas energy savings result from avoiding having to heat the saved water due to the ¢fficient showerhead.

[AGallons x 83 x ¢, x 25] /1,000,000

AMMBtu REpsrer
Where:
AMMBtu = MMBtu of saved natural gas
83 = Constant lo convert gallons to pounds {Ibs)
¢p = Average specific heat of water al temperature range {1.00 Btu/lb-°F)
25 = The difference between the temperature of the water entering the
house and the temperature leaving the faucet (degrees Fahrenheit). !
REpmy = Recovery efficicncy of the domestic hot water heater = 75%'%2

Electric Savings Algorithms
It is assumed that all faucet acrators installed under PGW's ELIRP program are installed in homes that heat water
using natural gas. There are no additional electric savings claimed.

Freeridership/Spillover
Until studies have been performed to determine the Iree ridership and spillover, the values are assumed to be zero.

126 public Serviee Commission of Wisconsin Pocus on Eneegy Evaluation Default Decmed Saviegs Review, June 2008,
hitp:Awww. focusonenergy com/files/Document_Managemenl_System/Eviluation/acesdeemedsavingseeview_evalustioneeport.p
dr

27 pennsylvania, Census of Population, 2000

2% Most conunonly quoted value of gallons of water used per person per day (including in U.S. Envirenmental Protection
Agency’s “waler sense” documents; hup:/fwww.epagoviwatersense/docsthome_suppstat5308.pdi}

12 Listimate consistent with Onlario Energy Board, "Measures and Assumptions for Demand Side

Maunagement Planning.”

130 JSast Bay Municipal Utility District; "Water Conservation Markel Peactration Study"
hup:iwww.cbmud.con/sites/detauly/files/pdisfimarket_penetration_study_O.pdf

1 Pennsyvania Public Udlity Commission Act {29 Techniead Reterence Manual (hune 201 1)

B2 See assumption for low (low shower head.
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Persistence
The persistence factor is assumed 1o be one,

Measure Lifetimes
The measure life of a faucel acrator is assumed to be [2 years'™.

3) Efficient Natural Gas Water Heater

Unique Mcasure Code(s): TBD

Drafi date: 6/21/11
liffective date:  TBD
Iind date: TBD

Measure Description
This measure relates to an cfficient natural gas water heater.

Definition of Baseline Condition
The baseline is the energy factor (EF) of the existing water heater. If possible, the EF of the existing water heater
should be used. 1T the EF of the existing water heater is unknown, 0.575 should be used'*,

Definition of Efficient Condition
The efficient condition is a natural gas water heater that is more energy efficient than the existing water heater.

Water Savings Algorithms
No water savings have been defined for this measure.

Natural Gas Savings Algorithms

MMBtu savings are realized due 1o the increase in efficiency faclor (EF) of the new equipment. MMBiu savings
vary by equipment type due to differences in model specific bascline EF and high efficiency EF percentages.
Savings are calculated from the baseline new unit to the installed cfficient unit. The following formula for gas
savings is bascd on the DOR test procedure for water heaters.

1 1 ) .
—_—— s X 41,045 X 365
(}‘]'basc hl’f-’ff

AMMBtu = 1,000,000
Where:
£ F v = Encrgy Factor of baseline water heater
EFoy = Energy Facior of efficient water heater. If combi boiler use AFUE.
41,045 = Factor uscd in DOE test procedure algorithm
365 = Days in the ycar

Electric Savings Algorithms
It is assumed that all faucet acrators installed under PGW’s ELIRP program are installed in homes that heat water
using natural gas water. There arc no additional electric savings claimed.

133 Preyngy bvania Public Utility Commission Act 129 Technical Reference Manual (June 20013 4

13 From Mass Save *Massachuselts Technical Reference Manual for Estimating Savings from Energy Efficiency Measures:
2011 Program Year — Plan Version.” Ocelober 2010, Page 242.
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Freeridership/Spillover
Until studies have been performed to determing the free ridership and spillover, the values are assumed to be zero,

Persistence
The persistence factor is assumed o be one.

Measure Lifetimes
The measure life of a natural gas water heater is assumed Lo be 15 years ',

4) Hot Water Heater Tank Temperature Turn-down

Unique Measure Code(s): TBD

Draft date: 6/21/11
Effective date: TBD
End date: TBD

Measvre Description
This measure relates to lowering the thermostat setting on a natural gas hot water heater to 120° I, if the temperature

is set higher.

Definition of Baseline Condition

The baseline is the temperature seiting of the existing waler heater. usually above 135° F
Definition of Efficient Condition

The efficient condition is the new setting point for the hot water heater, 120° F,

Water Savings Algorithms
No water savings have been defined for this measure.

Natural Gas Savings Algorithms
MMBtu savings arise from lower temperature setting that reduces the standby heat losses required to maintain the

tanks temperature setting.

Area X (Tyase — Terr) o 8,760

AMMBEy = Rpnw i 1,000,000
REpiw
Where:
AMMBtu = MMBtu of saved gas per year

Area = Surface arca of hot water heater (f1%)

Thase Original temperature inside the tank (°IF) = Assume 135 °F if no other
information provided

Tors New lemperature inside the tank {°F)} = Assume 120° F il no other
information provided

Ronw R-value of the hot water heater (h °F fi/Bu) = 5.0

8,760 = Number of hours in a year

BEDREER values, updated October 10, 2008

http:/www.deeresources.com/deer09 1 planning/downloads/EUL_Summary_10-1-08.x1s

136 Caleulated using the base conductive heat loss co-efficient and surface areas from: New York Standard Approach for
Estimeting Energy Savings from Energy Efficiency Programs (October 15, 2010, 'age 98
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REpmy = Recovery cfficiency of the domestic hot water heater = 75%'%7
1.040.,000 = Btuto MMBu

The foflowing table provides surface arcas based on the number of gallons the water tank can hold, along with
deemed savings values using the assumplions above.

Total Annual
Water Heater Height Diameter Surface Savings
Size (Ga)) {(Inches)* {Inches)* Area (ft) (MMB1u)
30 60 16 29.7 .04
40 6l 16.5 313 1.10
50 53 18 319 1.12
66 58 20 39.0 1.37
30 58 22 44.4 1.56

¥ Fram New York Standard Approach for Fstimating Energy Savings from Lnergy Lfficiency Programs (Oetaber
13, 2018). Puge 98

Electric Savings Algorithms
There are no eleetric savings associated with this measure.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence factor is assumed to be one,

Measure Lifetimes
The measure life of a natural gas water heater is assumed 1o be 2 years'#®,

5) Repair Hot Water Leaks/Plumbing Repairs

Unique Mcasure Code(s): TBD

Draft date: 6/8/11
Effcctive date:  TBD
End date: TBD

Measure Description
This measure relates to repatring any leaks from hot water pipes.

Definition of Baseline Condition
The baseline condition is the amount of water leaking from the hot water pipe per minute.

Definition of Efficient Condition
The efficient condition is no hot water leaking from the hot water pipe.

137 See assumption for low (low showerhead.
138 pyge 410. Vermeont Technical Reference Manual and New Jersey Clean Energy Program Protocols
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Water Savings Algorithms
The water saved is the amount of water that is lost due (o the leak. The following table provides the deemed water

savings values for the most common types of leaks.

Leak Type Amount per Minute Gallons per Day
Slow Steady Drip 100 drips 14.4*
I‘ast Drip 200 drips 28.8*
Small Stream 1 cup (8 fl ox) 89.28

® A drip is assumed to be 0.0001 gallons'™

Natural Gas Savings Algorithms
Gas savings result from the avoided energy used to heat the water wasted lrom the leak.

[AGallons x 8.3 x ¢, x (120 — 55)] / 1,000,000

AMMBtu Rl
Where:
AMMBEu = MMBtu of saved natural gas
8.3 = Constant to convert gallons to pounds (lbs)
Cp = Average specific heat of water at temperature range (1.00 Btu/lb-°F)
120 = Assumed temperature of hot water as it leaves the water heater and
travels through the pipes.
55 = Assumed temperature of water entering house (degrees Fahrenheit) '
Ripiy = Recovery cfficiency of the domestic hot water heater = 75%'!

The following table provides deemed gas savings values based on the deemed waler savings, the algorithm outlined
above, and the measure lives from below.

Leak Type Savings (MM Btu)
Slow Steady Drip 0.87
Fast Drip 0.87
| Small Stream J 1.35

Electric Savings Algorithms
It is assumed that all leaks repaired arc for homes that heat water using natural gas water. There arc no additional

electric savings claimed.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence factor is assumed to be one.

13 Figures provided to North Carolina’s Dare County Water Department by the North Carolina Rural Waler Association:
hiupfwww darene.com/water/Othsts/ Wirloss.him (accessed June 23, 2011)

0 A pood approximation of annual avernge waler main temperature is the average annual ambient air temperature. Average
waler main temperature = 559 I¥ based on: htip:/lwl nede.noaa.gov/img/documentlibrary/clim§ Lsupp3/tempnormal _hires.jpg
41 See assumption for low ilow showerhead.
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Measure lifetimes

The savings for repairing hot water leaks persist as long as the leak would not have otherwise been fixed. PGW
assumes that a smaller leak will persist longer than a targer and more noliceable leak and has adjusted the following
measure lifetimes to account for this.

Leak Type Lifetime
Slow Steady Drip 12 weeks
Fast Drip 6 weceks
Small Stream 3 week

6) DHW Pipe Insulation

Unique Measure Code(s): TBD

Draft date: 7128/11
Effective date:  TBD
End date: TBD

Measure Description
This measure relates to installing insulation on hot water pipes.

Definition of Baseline Condition
The baseline condition is the current insulation thickness on the hot water pipe.

Definition of Efficient Condition
The efficient condition is any insulation thicker than that alrcady on the hot water pipe.

If the diameter of the cold/hot feeds dircetly Lo/from the storage tank is 1™ or less, a maximum length of three feet
for both the cold water inlet and hot water outlet piping abave the tank (six total feet) per unit will be included in the

savings calculations under the program and should be installed in accordance with best practices.

For each 4" increase in diameter of the hot feed directly from the storage tank beyond 17, an additional 6" length of
pipe insulation should be installed along the hot water supply piping only and the additional savings will be credited.

[fa DHW recirculating system is present, all hot water supply and return piping accessible without demelition
should be insulated and the additional savings will be credited.

The thickness of the DHW pipe insulation should be equivalent to the diameter of the piping. For example, a I”
diameter pipe should be insulated with 17 thick insulation; a 2-1/2” diameter pipe with 2-1/2" thick insulation, '

If the hot water piping diameter is in other than a 4™ increment, the dimension should be rounded to the next
protocol incremient.

In the event that the above appears not 1o cover the specific DHW piping circumstance, suitable pictures and
descriptions should be sent to PGW or their implementation contractor for judgment.

Water Savings Algorithms
This measure has no walter savings associated with it.

Natural Gas Savings Algorithms

142 Recommendation based on method pioneered by Gary Klein expert on DHW based in California

January 1, 2016
Philadelphia Gas Works: EncrgySense



Annual Gas Savings (MM#Etu) = Length X

Where:
Length = Number of Iinear feet of stcam pipe insulated
Thyse =  Thickness of base-condition insulation (inches)
They = Thickness of efficient condition insulation {inches)
Heatloss(x) =  [Fleat loss through hot water pipe as a function of insulation thickness x {Blu/ft /yr)
REpnw = Recovery efficiency of the hot water heater = 75% '

78

(Heati.oss(i"hbasc) - ”eﬂfLOSS(Thcf;‘))

“Heatl.oss{x)” can be found using the following lookup table.

Insulation Heat Loss
Thickness (inches) {Btu/ft/yr)
Bare 268,231
0.5 86,461
1.0 65,350
1.5 51,421
2.0 44,851
2.5 38,544
3.0 36,004
3.5 33,989
4.0 32412
4.5 30,923
5.0 29,872

This table was caleulated using the North American [nsulation Manufacturers Association’s (NAIMA) 3E Plus 4.0

Insulation Thickness Computer Program. The following assumptions were used.

Item Description
System Application
Dimensiaonal Standard
Calculation Type
Process Temperature
Ambicnt Temperature
Wind Speed =

Nominal Pipe Size
Barc Mclal =

Bare Surface Emittance
lnsulation Layer 1
Cuter Jacket Material =

143 Sce assumption lor low Tow showerhead.
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QOuter Surface Emitlance = 0.9

Klectric Savings Algorithms
There are no electric savings associated with this measure.

Freeridership/Spillover
Until studies have been performed 1o determine the [ree ridership and spillover, the values are assumed 1o be zero,

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
The measure life is assumed to be 20 years'™.

Measure Cost
The measure cost is the actual cost of installing the insulation, both materials and labor.

O&M Cost Adjustments
Itis assumed that there are no O&M cost differences between the efficient and baseline equipment.

7) Hot Water Storage Tank Wrap

Unique Measure Code(s): TBD

Drafi date: 6/8/11
iffective date:  TBD
End date: TBD

Measure Description
This measure refers to an insulating “blanket™ that is wrapped around the outside of a hot water tank to reduce stand-

by losses. The tank wrap must follow BPI technical standards:

“Water heater insulation wraps shall not cover the wop of oil or gas systems, and shall not obstruct the pressure relief
valve, thermostats, hi-limit switeh, plumbing pipes, or aceess plates. A minimum 2-inch clearance is required from the
aceess door Tor gas burners,

Waier heater insulation wraps shall not be installed where forbidden by the manutacturer’s instructions found on the

nameplage,”

Definition of Baseline Condition
The baseline is the hot water healer tank without the insulating blanket.

Definition of Efficient Condition
The efficient condition is the hot water heater tank with the insulating blanket.

Water Savings Algorithms
There are no water savings due o this measure.

Natural Gas Savings Algorithms
Gas cnergy savings result from the reduction in standby losses.

1 NYSERDA Home Performance with Energy Star
M5 Ruilding Perlormance Institute, Inc. Technivad Standards for the Heating Professional. Revised 11720107, Page 12,
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( 1 1 ) X Area x (T, Tomp) X _B760__
Rpase R tank = famb 1,000,000
AMMBty = ~—25¢  Zefy .
REsnw
Where: ,
AMMBtu MMB1u of saved gas per year

Rar = R-valuc of the hot water heater with the insulating blanket (h °F
f1%/Btu)
Rese =  Original R-valuc of the hot water heater (h °F fi¥Biu) = 5.0 unless
other information provided
Areca =  Surface arca of the hot water heater covered by the insulating hlanket
(ft*)
Tuk =  Temperature inside the tank (°F) = Assume 120 °F if no other
information provided
Tans = Temperature outside the tank (°F) = 55 °F!1V7
8,760 = Numberofhours in a ycar
REpmny = Recovery efficiency of the domestic hot waler heater = 75%
1,006,000 = Btuto MMBLu

The following table provides assumed insulated surface areas and corresponding deemed savings values for standard
tank insulation blankest

Surface are R-1¢ R-19
Surface of Cylinder Wrap Wrap
Water Surface Area Area of minus Annual Annual
Heater Size | Height | Diameter | of Cylinder Accessed Accessed Savings Savings
(Gal) {Inches)* | (Inches)* (ft%) Areas (fi))** | Areas (ftY) | (MMBtu) | (MMBtu)
30 60 16 20.9 0.4 20.5 1.6 2.3
40 6l 16.5 22.0 0.4 21.5 1.6 2.4
50 53 18 20.8 0.4 204 1.5 2.3
66 58 20 253 0.4 24.9 1.9 2.8
80 58 22 27.8 0.4 274 2.1 3.1

¥ From New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs
(Qctober 15, 2010). Page 98
*k Assuming square access area with 4 square and 27 clearance on each side

Electric Savings Algorithms
This measure is assumed to be installed only on a natural gas fired hot water heating systems, so there arc no electric

savings associated with this measure.

Frecridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed (o be zero.

Persistence
The persistence factor is assumed to be one,

Measure Lifetimes
The measure lifc is assumed to be 5 years'?,

M6 Caleulated using the base conductive heat loss co-cilicient and surtace areas from: New York Standard Approach for
Estimuting Energy Savings from Energy Efficiency Programs (October 15, 2010). Page 98

U7 Assumed 1o be in unconditioned space, ambicnt temperature assumption based on:
hutpa//iwtnede.noaa.goviimg/documentlibrary/elim® | supp3/tempnormal_hires.jpg

13 Sec assemption for low (low showerhead.
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V. Non-Residential Time of Replacement
Market

A. Space Heating End Use

1) Efficient Space Heating System

Unigue Mcasure Code(s): TBD

Draft date: 4427112
Effective date:  TBID
End date: TBD

Measure Description
This mcasure applics to non-residential-sized {>300MBH) gas boilers purchased al the time of natural replacement.
A qualifying boiler must meet minimum efficiency requirements (Thermal Efficiency).

Definition of Rascline Condition
The efficiency levels of the gas-fired boilers that would have been purchased absent this or another DSM program

are shown in the following table,

Equipment Type Baseline Thermal Efficiency

Gas Boiler 80%

Definition of Efficient Condition
The installed gas boiler must have a Thermal Efficiency greater than that shown in the table below, Efficient model

minimum Thermal Efficiency requirements are detailed below.

Equipment Type Minimum Thermal Efficiency
Gas Boiler Tier | %
Gas Boiler Tier 2 85%

Gas Savings Algorithms

MMBiu savings arc realized due to the increase in Thermal Efficiency of the new equipment. MMBtu savings vary
by equipment type due to differences in model capacity and Thermal Efficiency percentages. Savings are calculated
from the baselineg new unit 1o the installed efficient unit.

Capacit, 1
Annual Gas Savings (MMBtu) = ! Yout (

— X EFLM
1,000 TEpase 'rh‘m-f) Heat

Where:

M2 Northeast Energy Bificiency Pactnerships, Mic-sAtlantic Technical Keference Manwal (Version 1.1). Octaber 2010
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Capacity ou = Qutput capacity of cquipment to be installed (kBtu/hr)
1,066 = Conversion from kBiu to MMBtu
Thermal Efficiency of new bascline cquipment

rpare
I'Epase

TE g = Thermal Efficiency of new equipment

EFLF e = Equivalent Full Load Heating Hours

HDD = Base 63° IF Heating Degree Days for Philadelphia = 4,033
Dt = Design temperature difference (assume from 0° F to 70° F)

Equivalent Full Load Heating Hours by Building Type

Building Type EFLH®*!

Multifamily 1435
Education 1529
Food Sales 1846
Food Service 2021
Health Care 2779
Lodging 778
Retail 1519
Office 1457
Public Assembly 1752
Public Order/Safety 1250
Religious Worship 1509
Service 2478
Warehouse/Storage 1047

Electric Savings Algorithms

Not applicable.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed Lo be zero.

Equipment Type Free Ridership Spillover
Gas Boiler 0% 0%
Persistence

The persistence factor is assumed to be one,

Measure Lifetimes

Equipment Type Measure Lifetime

13¢ Based on NCDC ASOS temperature data for PHL from 2002 through 2009,

1 From NI Protocols for Philadelphia, adjusted for the PGW evaluation. The cvaluation estimated realization rates using 3
methods and found savings o be 317%, 166% and 169%. PGW adjusted the EFLEF based on the two lowest realization rates and
adjusted the NJ Protocols TFLE by 168%.
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Gas Boilers 25
Source: Consortium for Encrgy Efficiency, High Efficiency Commercial Boiler Systems Initiative Descriplion, May

16,2011, p. 17. Lifetimes range from 24-35 years.

Water Savings
There arc no water savings for this measure.

2) Steam Trap

Unique Measure Code(s): TBD

Draft date; 5/28/15
Effcctive date:  TBD
End date: TBD

Measure Description
This measure applies to replacing non-residential stcam traps on heating systems or repair of the stcam trap by
replacing the internal working parts with a new insert.

Definition of Bascline Condition

The bascline criterion is a faulty steam trap in need of replacing. No minimum leak rate is required. Any leaking or
blow through trap can be repaired or replaced. 1T a custemer chooses to repair or replace all the

steam traps at the facility without verification, the savings are adjusted. Savings for full replacement

projects are reduced by the percentage of traps found to be leaking on average from the studics listed. 1 an audit

is performed on a site, then the leaking and blowdown can be adjusted.

Definition of Efficient Condition

Customers musl have leaking traps to qualify. However, if a customer opts Lo replace all

traps without inspection, the savings are discounted to take into consideration the fact that some

traps arc being replaced that have not yet failed. This measure may consist of either instatlation of a whole new
steam trap or replacement of the internal working parts with an insert,

Cas Savings Algorithms

Hv
AMMBtn = § X (7) X Hr X A X L /1,000,000

Where:
AMMBLu = MMDBu of saved gus per year

s = Maximum theoretical steam loss per trap (Ib/hr/trap). See table of
values.

Hy = Fleat of vaporization of steam, {Bw/lb). Sce table of values.

B = Boiler efficiency, (%)

Hr = Annual operating hours of sieam plant. Sec tablc of values.

A = Adjustment factor to account for reducing the maximun theoretical
steam fow (S) to thc average steam flow (the Enbridge lactor).

L = |eaking and blow-thru factor, IT the steam trap has been audited and

is known to be Icaking, then this factor is 100%, if unaudited and
urtkniown if leaking, then see table of values below.
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1,000,000 = Btuto MMBtu

Steam Trap Algorithm Input Values

Leaking &

Avg Steam | Heat of Default Blow-thru
Steam Trap Loss, S Vaporization | Boiler Operating factor for
Application and {Ib/hritrap) | Hv Efficiency | Hours, Adjustment | unaudited
Pressure 152 (Btu/lb)1%3 B 15 K155 Factor, A’ | traps, L%
Commercial/Multifamily,
low pressure 13.8 951 80% 2,720 50% 27%
Dry Cleaners 38.1 890 80% 2,425 50% 27%
Industrial Low Pressure
PSIG<15 13.8 951 80% 7,752 50% 16%
Industrial Medium
Pressure 15<PSIG<30 12.7 945 80% 7,752 50% 16%
Industrial Medium
Pressure 30<PSIG<75 19 928 80% 7,752 50% 16%
Industrial High Pressure
75<PSIG<125 67.9 894 80% 7,752 50% 16%
Industrial High Pressure
125<PSIG<175 105.8 868 80% 7,752 50% 16%
Industrial High Pressure
175<PSIG<250 143.7 848 80% 7,752 50% 16%
Industrial High Pressure
PSIG=250 200.5 820 80% 7,752 50% 16%

Electric Savings Algorithms

Not applicable.

Freeridership/Spillover
Until studies have been performed w determine the free ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillover

132 Resource Solutions Group "Steam Traps Revision #1" dated August 2011,

15} Meat of vaporization of steam at the inlet pressure to the steam trap, fmplicit assumption that the average boiler
nominal pressure where the vaporization occurs, is essentially that same pressure, Reference Resource Solutions
Ciroup "Steam Traps Revision #1" dated August 2011,

13 California Energy Commission Efficiency Data for Stcam Boilers as sited in Resource Solutions Group "Steam
Traps Reviston #1" dated August 2011,

155 Resource Solutions Group "Steam Traps Revision #1" dated August 2011, which references Enbridge service
territory data and kW Engineering study. Commercial/Multifamily hours adjusted to Philadelphia based on the DD in
Philadelphia relative to Chicaga,

136 I2nbridge adjusunent factor used as referenced in Resource Solutions Group “Steam Traps Revision #1" dated
August 2011 and DOE Federal Encrgy Management Program Steam Trap Performance Assessment.

137 Diry cleaners survey data as referenced in Resource Solutions Group "Steam ‘Traps Revision #1" dated August
2011, I wap is known o be leaking, then this Baclor is 100%.
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Steam Traps 0% 0%

Persistence
The persistence factor is assumed to be one.

Measure Lifetime
6 years'™

Water Savings
There may be water savings for this measure, but the amount has not been caleulated.

B.Commercial Kitchen End Uses

1) Commercial Conveetion Ovens

Unigue Measure Code(s): TBD
Dralt date: . 4/30/12
Effective date:  TBD

End date: TBD

Measure Description
A general-purpose chamber designed for heating, roasting, or baking food by forcing hot dry air over the surface of
the lood product. The rapidiy moving hot air strips away the layer of cooler air next 1o the food and enables the food
to absorb the heat energy. For the purposes of this specification, convection ovens do not include ovens thal have the
ability 1o heat the cooking cavity with saturated or superheated steam. Maximum waler consumption within the oven
cavity must not exceed 0.25 gallons/hour. Ovens that include a hold feature are eligible under this specification as
long as convection is the only method used to fully cook the food.

e Fuli-Size Convection Qven: A convection oven that is able to aceept a minimum of five standard full-size

sheet pans measuring 18 x 26 x 1-inch.

This does not cover ovens designed for residential or laboratory applications; hybrid ovens, such as those
incorporating stcam and/or microwave settings in addition to conveetion; other oven types, as defined in Section |,
including combination, conventional or standard, conveyor, slow cook-and-hold, deck, mini-rack, rack, range, rapid
cook, and rotisseric ovens.

Definition of Baseline Condition
Cooking energy efficiency of 44% and Idle Energy Rate o' 15,100 Bu/h'®.

Definition of Efficient Condition
Cooking energy cfficiency greater than or equal 10 46%'% and an ldle Fncngy Rate less than or equal to 12,000

Buu/h

'8 Source paper is the Resource Solutions Group "Steam Traps Revision #1" dated August 201 1. Primary studies
used to prepare the source paper include Enbridge Steam Trap Survey, KW Engincering Steam Trap Survey,
Enbridge Steam Saver Program 2005, Armstrong Steam Trap Survey, DOE Federal Energy Management Program
Steam 'T'rap Performance Assessment, Oak Ridge National Laboratory Steam System Survey Guide, KEMA
Evaluation of PG&E's Steam Trap Program, Sept. 2007. Communication with vendors suggested a inverted bucket
steam trap life typically in the range of 5 - 7 years, float and thermostatic traps 4- 6 years, {loat and

thermodynamic disc traps of’ 1 = 3 years.

SPENERGY STAR caleulator default input,
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Additional criteria:
1y  Must be full-size (for gas)
2} Have been installed in compliance with manufacturer instructions and meeting all applicable local, State,
and Federal codes and standards;

3)  Are thivd-party certificd to:

a, NSF/ANSI Standard 4, Commercial Cooking, Rethermalization and Powered Hot IF'ood Halding
and Transport Lquipment

b.  ANSI/UL 197, Commercial Elcctrical Cooking Appliances {electric ovens only)
c.  ANSI Z83.11, Gas Food Service Equipment {gas ovens only)

All criteria are the same as the ENERGY STAR label.

Gas Savings Algorithms
The following shows the cxpected gas savings from a full-size commercial convection oven meeting the above
specifications. These savings come from the Encrgy Star caleulator.'®!

Annual Gas Savings (MMBtu) = 12.90 MMBtu

Electric Savings Algorithms
There are no electric savings from this measure.
Energy Savings

AkWh =0kWh

Demand Savings

AKW =0 kW
Where:
AkWh = gross customer annual kWh savings for the measure.
AkW = gross customer surnmer load kW savings for the measure. )

Freeridership/Spillover
Until studies have been performed to determine the [ree ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillever
Commercial Convection Oven (0% 0%
Persistence

The pursistence Tactor is assumed to be one.

Measure Lifetimes

190 Using ASTM Standard F1496-99 (Reapproved 20035) based on heavy load (potato) cooking test,
1 Bt feeww.eneegy star.goviindex.cfim?fuseaction=tind_a_product.showProductGroup&pgw_code=CO0
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Equipment Type Measure Lifetime

Commercial Convection Oven 12
Sources: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings
There are no water savings for this measure.

2) Commercial Gas Fryer

Lnique Mecasure Code(s): TBD

Drafi date: 4/30/12
Effective date:  TBD
End date: ™Ho

Measure Description
An appliance, including a cooking vessel, in which oil is placed to such a depth that the cooking food is essentially

supported by displacement of the cooking fluid rather than by the bottom of the vessel. Heat is delivered to the
cooking fluid by heal transfer from gas burners througl cither the walls of the fryer or through tubes passing through

the cooking fuid.
¢ Standard Fryer: A fryer with a vat that mcasures >12 inches and < 18 inches wide, and a shortening
capacily > 25 pounds and < 65 pounds.
»  Large Vat Fryer: A fryer with a vat that measures > |8 inches and < 24 inches wide, and a shortening
capacity > 50 pounds.

Definition of Baseline Condition
Heavy Load (French Fry) Cooking Energy Efficiency of 35%.
Idlle encrgy rate:

14,000 Bw/h for Standard Fryer

« 16,000 Btu/h for Large Vat Fryer

Definition of Efficient Condition
Heavy Load (French Fry) Cooking linergy Efficiency greater than or equal 1o 50%.
Idle encrgy rate less than or cqual o:

« 9000 Bw/h for Standard Fryer

« 12,000 Bw/h for Large Vat Fryer

All criteria are the same as the ENERGY STAR label,

Gas Savings Algorithms
The following shows the expected gas savings from Encrgy Star commercial fryers meeting the above
specilications. These savings come from the Energy Star caiculator. '

Standard Fryer (per frypot):
Annual Gas Savings (MMBtu) = 50.80 MMBtu

152 hitpsfiwww energystargov/index.cfm?luseaction=find_a_produet.showProductGroup&pgw_code=CO0
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Large Vat Fryer (per frypot):
Annual Gas Savings (MMBtu) = 79.50 MMBtu
Electric Savings Algorithms
There are no clectric savings from this measure.
Energy Savings

AkWh  =0kWh

Demand Savings

AkW =0 kW

Where:
AKWh = gross customer annual kWh savings for the measure,
AkW = pross customer summer load kW savings for the measure,

Freeridership/Spillover
Until studies have been performed to determine the free ridérship and spillover, the values are asswmed 1o be zero.

Equipment Type | Free Ridership Spillover
Commercial Fryer 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

Commercial Fryer 12
Sources: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings
There are no water savings for this measure.
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3) Commercial Gas Steamers (Cooking)

Unique Measine Code(s): TBD

Draft date: 4/30/12
Effective date:  TBD
Iznd date: TBD

Measure Description

Also referred to as a “compartment steamer,” a device with one or more food steaming compartments in which the

energy in the steam is transferred to the food by direct contact. Models may include countertop models, wall-
mounted models and floor-models mounted on a stand, pedestal or cabinet-style basc.

Definition of Baseline Condition

Cooking energy cfficiency of 18% and [dic Energy Rate of 3000 Bu/h per pan'®,

Definition of Efficient Condition

Cooking energy cfficiency greater than or equal to 38% and an ldle Encrgy Rates less than the maximum values in

the table below.

# of Pans Cooking Effictency Idle Rate {Btu/hr)
3 pans 38% 6,250
4 pans 38% 8,350
5 pans 38% 10,400

6 + pans 38% 12,500

All criteria are the same as the ENIERGY STAR label.

Gas Savings Algorithms

The following shows the expected gas savings from a commercial steam cooker meeting (he above specifications.
These savings come from the Energy Star calculator.

(64

# of Pans Annual Gas Savings (MM Btu)
3 pans 76.6
4 pans 86.4
5 pans 96.2
6 pans 105.4

7 + pans

105,44 14.2 per pan > 6 pans

Electric Savings Algorithms

There are no clectric savings from this mcasure,

Energy Savings
AkWh = 0kWh

Demand Savings

18 he baseline comes from PG&E’s online calculator at
hitp:/fwww.Tishnick.com/saveencreyv/tools/calculators/gsteamercale,

19 hupcifwww.ener

4 pan is interpolated between 3 and § pan.
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AkW=0kW

Where:
AkWh = gross customer annual kWh savings for the measure.
AkW = pross customer summer load kW savings for the measure.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillover
Commercial Steam Cooker 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

Commercial Steam Cooker 12
Sources: CA DEER, MA 2011 'TRM, ENERGY STAR.

Water Savings
According to the Energy Star calculator the water savings would be 162,060 gallons per year for an Energy Star

stcamer compared to a baseline steamer.,

4) Commercial Gas Griddle

Unique Measurc Code(s): TBD

Drafl date: 4/30/12
Liffective date:  TBD
End date: TBD

Measure Desecription
Single or double sided gas griddle.

Definition of Baseline Condition .
Cooking energy cfficiency of 32% and Normalized [dle Energy Rate of 3,500 Bu/h per square foot'%.

Definition of Efficient Condition
Cooking energy efliciency greater than or equal to 38% and a Normalized Idlc Energy Rate less than or equal to

2,650 Btu/h per square fool.

Al criteria arc the same as the ENERGY STAR label.

193 Fram the Energy Star caleulator
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Cras Savings Algorithms
The following shows the expected gas savings from a commercial gas griddic meeting the above specifications.
These savings come from the Energy Star calculator, 1%
Annual Gas Savings (MMBLw) = 13.10 MMBtu

Electric Savings Algorithmsy
There are no clectric savings from this measure.

Energy Savings

AkWh =0kWh

Demand Savings

AkW =0 kW

Where:
AkWh = gross customer annual kWh savings for the mceasure.
AkW = gross customer summer load kW savings for the measure,

Freeridership/Spillover
Until studies have been per(ormed to determine the free ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillover
Commercial Gas Griddle 0% 0%
Persistence.

The persistence factor is assumed to be one.

Mensure Lifetimes

Equipment Type Measure Lifetime

Commercial Gas Griddle 12
Sources: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings
There are no waler savings for this measure.

186 hupsifwww.energystar.gov/index.clin?fuseaction=lind_a_product.showProductGroup&pgw_code=CO0
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5) Pre-rinse Spray Valve

Unique Mcasure Cade(s): TBD

Dralt date: 4/30/12
Lffective date:  TBD
End date: TBD

Measure Description
Commercial dishwasher pre-rinse spray valves use hot water under pressure 1o clean food items off plates, atware,

and other kitchen items before they are placed into a commercial dishwasher. Pre-rinse valves are handheld devices,
cansisting of a spray nozzle, a squeeze lever that controls the water flow, and a dish guard bumper, Ofien they
include a spray handle clip, allowing the user to lock the lever in the full spray position for continual use, The pre-
rinse valve is part of the pre-rinse unil assembly that typically includes an insulated handle, a spring supported metal
hose. a wall bracket, and dual faucet valves. Pre-rinse valves are inexpensive and frequently interchangeable within
different manufacturers’ hose assemblics. They are usually placed at the entrance to a dishwasher and can also be
located over a sink, used in conjunction with a faucet fixture.

Definition of Baseline Condition
The baseline is a standard pre-rinse spray valve using approximately 1.6 gpm.

Definition of Efficient Condition
An efficient pre-rinse spray valve uses an average of 1.28 gpm.

Gas Savings Algorithms

The following shows the expected gas savings from an energy efficieni pre-rinsc spray valve meeting the above
specifications.'s?

Annual Gas Savings (MMBtu) = 6.38 MMBtu
Electric Savings Algorithms
There are no electric savings from Lhis measure,
Energy Savings

AkWh  =0kWh

Demand Savings

AKW=0kW

Where:
AkWh = pross cuslomer annual kWh savings for the measure,
AkW = gross customer summer load kW savings for the measure.

Freeridership/Spillover
Until studics have been performed to determine the free ridership and spillover, the values arc assumed to be zero.

Equipment Type Free Ridership Spillover
0% 0%

Pre-rinsc Spray Valve

167 ENERGY STAR calculutar 4/14.
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Persistence
The persistence factor is assumed to be one,

Measure Lifetimes

Equipment Type Measure Lifetime

51(:8

| Pre-rinse Spray Valve

Water Savings

Expected water savings would be 62,305 gallons per year,'®

C.Commercial Domestic Hot Water End Use

1) Commercial Domestic Hot Water Heater

Unigue Mecasure Code(s): TBD

Draft date: 5/28/15
Effective date:  TBD
End datc: TBD

Measure Description
Installation of high-efficicncy, gas-fired, storage-type or tankless, domestic hot water heaters greater than 75,000

Btuw/hr,

Definition of Baseline Condition
Base case heater is a code-compliant storage pas heater as specified in ASHRALE 90.1-2007.

Definition of Efficient Condition
The cfficient hcater is a storage or tankless gas heater with equal to or execeding 94% thermal efficiency.

CGas Savings Algorithms
[ multiple heaters are used, they are treated as a single unit, with system input capacity and standby loss rate

equal 1o the sum of all units.

AMMDBtu = Baselinellse — Ef ficientUse

For commercial buildings other than multifamily:
The maximum of:

Baselinellse = A X K,
Qr
SLR, X 8760

Baselinetlse = 100

165 passachusetts 201 Technical Reference Manual.
162 Massachusetts 2011 Technical Reference Manual.
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For multifamily buildings:
The maximum of:

BaselineUse = U X I
or
SLR, x 8760

Baself po =
aselinellse 106

All building types:

(SLRy ~ SLR,) My
—_— X1

EfficientlUse = (BaselineUse — 8760 x 06 —

e

1400
SLRy = CAPyy X 300 + 110 X \JCAP, 70

. Ne

CAPyp = CAPye X —

U

Where: :
AMMBtu = MMBiu of saved gas per year

Baselinellse =  Bascline DHW gas usage (MMDBtu)
EfficientUse =  Eflicient DHW gas usage (MMBII)

I

A Building floor arca {{t*), input

I, = For commercial buildings other than multifamily this is the annual
bascline gas encrgy wsage rate per building 12 (MMBL/fi%yr). For
multifamily this is the annual baseline gas enerpy usage rate per
apartment unit (MMBiu/unit/yr). Sce table of values by building type.

u = Number of apartment units in multifamily building, input.
Ar = Differential temperature rise (75°F)
SLR, = Proposed efficient water heater standby loss rate (Btu/hr), input.
Equal to zero if tankless. [funavailable, assume the same as SLR,,
Ne = Thermal efficiency of proposed efficient water heater (%)
Ny = Thermal efficiency of bascline water heater (80%)'"!
CAPy . = Heat Input capacity of proposed efficient waler heater (MBh, 1000
Buw/hr), input
CAPy o = Water Sterage capacity of proposed cfficient water heater (gal), input
CAPy,, = Heat Input capacily of bascline water heater (MBh)
SLR, = Basclinc water heater standby loss rate (Bu/hr)

Annual Baseline Gas Usage Rate by Building Type

" ASHRAR 90.1-2007, Table 7.8.
(7 ASHIRAL 90.1-2007, Table 7.8,
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Annual Baseline Gas Usage
Building Type Rate, E, (MMBtu/ft2/yr)172
Education 0.00525
Grocery/Convenience Store " 0.00319
Restaurant/Cafeteria 0.03996
Inpatient Health Care 0.03935
Qutpatient Health Care 0.00350
Lodging 0.02915
Retail {other than in mall) 0.00103
Retail (in mali) 0.00309
Office 0.00165
Police/Fire Station/Jail 0.01514
Other 0.00165
Annual Baseline Gas Usage
Rate, Ep
{MMBtu/unit/yr)*’®
Multifamily 22.5

Electric Savings Algorithms
There are no clectric savings from this measure.
Energy Savings

AkWh  =0kWh

Demand Savings

AkW =0 kW

Where:
AkWh = pross customer annual kWh savings for the measure.
AkW = gross customer summer load kW savings for the measure.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be vero.

Lquipment Type Free Ridership ' Spillover
Commercial DHW Heater 0% 0%

172 U.S. Energy Information Administration Table E8A. Natural Gas Consumption and Encrgy Intensities by End Use for All

Ruildings, 2003,
173 GDS Associates, Inc. (2009). Natural Gas Energy Biiiciency Potential in Massachuselts. I'repared for GusNetworks.
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Persistence
The persistence factor is assumed to be one.

Measure Lifetimes

Equipment T'ype Measure Lifetime

Commercial DHW Heater 12
Sources: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings
There are no water savings for this measure.

D.All End Uses

1) Custom Measure
Unique Measure Code(s): TBD

Draft date: 72213
Effective date: TR
End date: TBD

Measure Desceription
This measure applies 1o all custom measures, not otherwise specified in this TRM.

Definition of Baseline Condition

The baseline represents the typical equipment that is installed without a DSM program, The efficiency level is based
on the current Federal standards, or state and local building codes that are applicable.

Definition of Efficient Condition

The efficient measure is any equipment that uses less energy than the baseline equipment.

Gas Savings Algorithms

The generalized cquation for a custom measure compares the baseline usage to the efficient usage.

Annual Gas Savings (MMBtu) = Baselinellse — Ef ficientlse

Where:
BaselineUse = The gas usage of bascline cquipment or building.
FEfficientllse = The gas usage of efficient equipment or building.

Electric Savings Algorithms
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Energy Savings
AkWh = BaselineklVh - EfficienthVh

Demand Savings
AKW = BaselineklV - EfficientkiV

Where:
AkWh = Gross customer annual KWh savings for the measure,
AkW = Gross customer summer load kW savings for the measure.
BaselinekWh = The electric kWh usage of baseline equipment or building.
FfficientkWh = The electric kWh usage of efficient equipment or building.
BaselineklV. = The electric kW usage of baseline equipment or building.
EfficientkW = The electric kW usage of efficient equipment or building.

Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed to be zera,

Equipment Type Free Ridership Spillover
Custom Measure 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure [ifetimes
Where available, custom measure lifetimes should be based on sintilar measures defined clsewhere in this TRM.

Water Savings
The water savings are the difference between the baseline and efficient equipment annual water usage in gallons.

January 1, 2016
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VI. Non-Residential New Construction
A.All End Uses

1) Custom Measures
Unique Measure Code(s): TBD

Drafl date; 4/30/12
Effective date:  TBD
End date: T™BD

Measure Description
This measure applies to all custom measures, not otherwise specified in this TRM.

Definition of Baseline Condition

The bascline represents the typical equipment that is installed without a DSM program. The efficiency level is based
on the current Federal standards, or state and local building codes that are applicable.

Definition of Efficient Condition

The efficient measure is any cquipment that uses less energy than the bascline equipment,

Gas Savings Algorithms

The generalized equation for a custom measure compares the baseline usage to the efficient usage.

Annual Gas Savings (MMBtu) = Baselinellse — Ef ficientlse

Where:
BaselineUse = The gas usage of baseline equipment or building.
EfficientUse = The gas usage of efficient equipment or building,

Electric Savings Algorithms

Energy Savings
AkWh = BaselinekWh - EfficientkiVh

Demand Savings
AW = BaselinekW - Efficienthiy

Where:
AkWh = Gross cuslomer annual kWh savings for the measure,
AkW = Gross cuslomer summer load kW savings for the measure.
BaselinekWh = The clectric kWh usage of baseline equipment or building,
EfficientkiWh = The electric kWh usage of efficient equipment or building,
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BaselinekW = The eleclric kW usage of baseline equipment or building.
EfficientkW = The clectric kW usage of efficient equipment or building,

Freeridership/Spillover
Unil studics have been performed to determine the free ridership and spillover, the values are assumed to be zero,

Equipment FType Free Ridership Spillover
Custom Measure 0% (0%
Persistence

The persistence factor is assumed to be one.
Measure Lifetimes

Where available, custom measure lifetimes should be based on similar measures defined elsewhere in this TRM.

Water Savings
The water savings are the difference between the baseline and efficient equipment annual water usage in gallons.

Januwary 1, 2016
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VIl. Non-Residential Retrofit
A.Space Heating End Use

1) Efficient Space Heating System

Unique Measure Code(s): TBD

Draft date: 5/6/14
Elfective date:  TBD
End date: TBD

Measure Description
This measure applies to high-ctficiency gas furnaces and boilers replacing an existing and functioning lurnace or
boiler of lower efficiency and possibly dilferent capacity.

Definition of Baseline Condition
The baseline represents the existing equipment that is currently installed. The efficiency level and capacity are based
on measurcments or nameplate information.

Definition of Efficient Condition
The efficient measure is any equipment that uses less energy than the baseline equipment.

Gas Savings Algorithms
The following equation accounts for dificrences between the baseline and efficient space heating equipment

efficiencies and capacitics.

Capacit 1 SR x(1+ A
Annual Gas Savings (MMBtu) = Pl ()Ogb"m AU AIEUF - evs) X EFLHyeatbase
' ~hrase eff
Capucit
SR = 2Pacyers
Capacityygse

Annual Gas Usey e X AFUEL4qe
Capacityyase

EFELHycat buse =

Where:

il

Tlhe annual gas savings of the efficient space heating equipment

Annual Gas Savings (MMBtu)
compared o the existing equipment.

Capacityyase = The existing space heating cquipment output capacity (MBI}
AFU e = Efficiency of existing space heating equipment {Annual Fuel

Utilization Efficicney)
Sk = Sizing ratio ol new efficient relative to the existing baseline

equipment (Sce algorithm above).

=  Runtime percent change adjustment. See table of values below

Aavg
based on SR value. '™

I Developed by Practical linergy Solutions using simulation modeling.
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= [Efficiency of proposcd efficient space heating equipment { Annual
Fuel Ulilization Efficiency)

= BEquivalent full load heating hours for existing baseline equipment
{Sce algorithm above).

Capacity, s = The proposed elficicnt space healing equipment output capacily
(MBI)
Annual Gas Usepgse = The annual gas usage of the existing space heating equipment,

Electric Savings Algorithns

Energy Savings

based on weather-normalized gas bills (kBtu).

Sizing Ratio (SR) Run Time Adjustment
(Aavq)
50% 78%
55% 05%
60% 54%
65% 45%
70% 36%
75% 28%
80% 21%
85% 15%
90% 10%
95% 5%
100% 0%
105% -4 %
110% -8%
115% -12%
120% -15%
125% -18%
130% -21%
135% -23%
140% -26%
145% -28%
150% -30%
155% -32%
160% -34%
165% -36%
170% -37%
175% -39%
180% -40%
185% -42%
190% -43%
195% -44%
200% -46%

AkWh = BaselinekiVh - EfficientkBh

Demand Savings

January 1, 2016
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ARW = Baselinek$V - IfficientkV

here:
N AkWh = Gross customer annual kWh savings for the measure.,
AkW = Gross customer summer load kW savings for the measure.
BaselinckWh = The electric kWh usage ol baseline equipment or building.
Efficientski¥h = The electric kWh usage of cfficient equipment or building.
Baselinek = The electric kW usage of baseline equipment or building.
Efficientkl’ = The clectric kW usage of efficient equipment or building.

Freeridership/Spillover
Until studies have been performed o determine the free ridership and spillover, the values are assumed o be zero.

Equipment Type Free Ridership Spillover
Space Heating Equipment % 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime
Gas Furnaces 20
Gas Boilers 25

Source: Lifetime estimates used by Efficiency Vermont.

Water Savings
The water savings are the difference between the baseline and efficient cquipment annual water usage in gallons.

B.All End Uses

1) Custom Measures
Unique Measure Code(s): TBD

Drafl date: 4/30/12
Iiffective date;  TBD
IZnd date: TBD

Measure Description
This measure applies to all custom retrofit measures, not otherwise specified in this TRM.

Definition of Baseline Condition
The baseline represents the existing cquipment that is currently installed. The efficiency level is bascd on

meastrements or nameplate information.
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Definition of Efficient Condition
The efficient measure is any equipment thal uses less energy than the baseline equipment.

Gas Savings Algorithms
The generalized equation for a custom measure compares Lthe baseline usage to the efficient usage.

Annual Gas Savings (MMBtu) = Baselinellse — EfficientUse

Where:
BasefinelUse = The gas usage of bascline equipment or building.
LfficientUse = The gas usage of efficicnt equipment or building,

Electric Savings Algorithms

Energy Savings
AKWh = BaselinekWh - EfficientkWh

Demand Savings
AW = Baselinek W - LfficientkW

Where:
AkWh = Gross customer annual kWh savings for the measure.
AKW = Gross customer summer load kW savings for the measure,
BaselinekWh = The electric kWh usage of baseline equipment or building.
Lfficientkivh = The clectric kWHh usage of efficient equipment or building.
BaselineklW = The electric kW usage of baseline equipment or building,.
EfficientkV = The clectric kW usage of efficient equipment or building.

Freeridership/Spillover
Until studies have been performed 1o determine the free ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillover
Custom Measure 0% 0%
Persistence

The persistence Tactor is assumed to be one.

Measure Lifetimes
Wihere available, custom measure lifetimes should be based on similar measures defined clsewhere in this TRM.

Water Savinps
The watcr savings are the difference between the baseline and efficient equipment annual water usage in gallons,

.
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