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. PORTFOLIO IMPLEMENTATION PLAN
A. Introduction

This FY 2016 Implementation Plan (“Plan™) describes the processes and steps that
Philadelphia Gas Works (“PGW™ or “the Company™) will follow to implement its
EnergySense Fiscal Year 2016 Demand-Side Management Portfolio (*DSM Portfolio™)
as approved by the Pennsylvania Public Utility Commission (“PUC™) by order entered
May 7, 20135 at dockets P-2009-2097639 and R-2009-2139884. This plan also updates
progress to date in FY 2015 for the Company’s DSM Portfolio.

The FY 2016 program year is a temporary extension of the initial PGW Five-Year DSM
Portfolio (“Phase I”") programming approved by the Commission by order entered on July
29, 2010. The order approved PGW’s Phase | programs for five years, through August
31.2015. PGW’s DSM Phase | has benefitted PGW's customers, the environment, and
the regional economy. PGW filed a petition to extend the programs on December 23,
2014, at Docket No. P-2014-2459362, for an additional five-year period (“*Phase I1™) and
allowing for ongoing programming thereafier.

In April 2015, PGW requested a one-year extension of the current programming,
including ELIRP, as an interim measure while the full DSM Phase Il proceeding is
underway. On May 7", the PUC approved this request, and ordered (“Order”™) a limited
extension of PGW’s DSM Phase 1 DSM Plan for an interim period (*“DSM Bridge Plan™)
from September 1. 2015, through either: (1) August 31, 2016: or, (2) upon the effective
date of a Phase Il compliance plan filed in response to a final Commission Order at
Docket Number P-2014-2459362, whichever is earlier. Although this plan provides
implementation details for one full year of activity, the company will amend the Plan
depending upon when the PUC issues a final DSM Phase I order.!

I PGW's LIURP regulatory baseline requirements for FY 2016 and FY 2017 are $1,459,600 and
$1,460.800 (respectively) in nominal dollars.




B. Summary of Activity to Date

L Budgets

PGW has spent $36.0 million on total delivery of all six launched DSM programs from
inception through February 28, 2015. These expenditures are detailed in the following

tables.

Table 1 — Costs by Program from Inception through February, 2015 (Nominal)

Program Inception to Feb 28, 2015

Enhanced Low Income Retrofit $27.408,042
Residential Heating Equipment Rebates $2.403.494
Comprehensive Residential Retrofit Incentives $1,108,852
High Efficiency Construction Incentives (Residential) $240,710
Residential Total S31.161,098

Commercial and Industrial Retrofit Incentives $516,523
Commercial and Industrial Equipment Rebates $381.908
High Efficiency Construction Incentives (Nonresidential) $-
Non-residential Total $898,431

Portfolio-wide Costs $3,892.279
UTILITY TOTAL $35,951,808

Participant Costs $3,392,603
Total $39.344.411

Table 2 — Portfolio Costs by Category from Inception through February, 2015 (Nominal)

Category Inception to Feb 28, 2015

Customer Incentives $23,938,205
Administration and Management $3,101,974
Marketing and Business Development $957,391
Contractor Costs $7,574,773
Inspection and Verification $188,973
On-site Technical Assessment $-
Evaluation $190,490

UTILITY TOTAL 835,951,808
Participant Costs $3.392.603

Total $39.344,411



2. Savings

a) Gas savings
Table 3 — Natural Gas Savings from Inception through February, 2015

Incremental Net Annual Incremental Net
Program Gas Savings Lifetime Gas Savings
(MM Btus/yr) (MM Btus)
IEnhanced Low Income Retrofit 234,529.6 4.851,319.6
Residential Heating Equipment Rebates 50,039.3 1.088,249.6
Comprehensive Residential Retrofit Incentives 6,752.2 | 188,330.7
High Efficiency Construction Incentives (Residential) 2,034.4 36,676.7
Residential Total 293.355.7 6,164,576.7
Commercial and Industrial Retrofit Incentives 8,483.8 167,794.1
Commercial and Industrial Equipment Rebates 9,773.4 216,599.0
High Efficiency Construction Incentives (Nonresidential) - -
Non-residential Total 18,257.2 384.393.1
PORTFOLIO TOTAL 311,612.9 6,548,969.7
b) Non-Gas Savings

Table 4 — Non-Gas Savings from Inception through February, 2015

Inception through Feb 28, 2015
Incremental Net | Incremental | Incremental Net

Incremental Net

: Lifetime Net Summer Annual Water
Program Annual Electiricy ¢, s X x
Savings (MWh) E-lectnclty Peal.( Demand | Savings (Million
Savings (MWh) | Savings (kW) Gallons)
|Enhanced Low Income Retrofit 24377 | 56,1513 | 900.4 | 121 |
Residential Heating Equipment Rebates 256.2 | 5124.0 |
‘Hmnc Rebates 82.5 | 25163 - | 0.0
High Efficiency Construction Incentives [Residential) 5.5 | 1389 17 ‘ 0.5
Residential Total 2,782.0 | 63,930.5 902.0 \ 12.7
Commercial and Industrial Retrofit Incentives | 115.5 | 2,020.6 12.3 ‘ 2.6 |
‘ 1.9

Commercial and Industrial Equipment Rebates

High Efficiency Construction Incentives (Nonresidential) - | - |

A Non-residential Total 1155 | 2,020.6 12.3 | 4.4
PORTFOLIO TOTAL 2,897.4 65,951.1 914.3 | 17.1

3. Cost-Effectiveness

From inception through February 28, 2015, the EnergySense portfolio shows a Total
Resource Cost (“"TRC™) Benefit Cost Ratio (“BCR™) of 1.19, and a Present Value (“PV™)
of Net Benefits of' $7.8 million (2014 dollars). The portfolio continued to trend upwards
in both BCR and PV Net Benefits through the latest year of program activities. This
year’s results demonstrate a two percent improvement in BCR and 60 percent
improvement in Net Benefits.

W




Table 5 — Cost-Effectiveness Results from Inception through February, 2015 (20145)2

Program Total Resource Cost Test % Of Total
PV of Benefits | PV of Costs | PV of Net Benefits | BCR | PV of Benefits | PV of Costs
Enhanced Low Income Retrofit $37,312,851 | $29,200,730 | 58,112,121 | 1.28 76% 70%
Residential Heating Equipment Rebates $7.481.719  $4,651.042 $2.830.677 1.61 15% 11%
Comprehensive Residential Retrofit Incentives $1.336,786  S1.887.401 $(550,615)  0.71 | 3% 5%
High Efficiency Construction Incentives (Residential) $285,191 $251,349 | $33.842 | 113 | 1% 1%
Residential Total $46,416,546  $35,990,522 S$10.426,024 1.29 94% 87%
Commercial and Industrial Retrofit Incentives $1.403.066 $967.985 | $435,081 1.45 3% 2%
Commercial and Industrial Equipment Rebates $1.536.638 $504,782 | $1.031.856  3.04 3% 1%
High Efficiency Construction Incentives (Nonresidential) 3- 3 | 8 | 0% 0%
Non-residential Total $2,939,704  §1,472,767 $1.466,937 2.00 6% 4%
Portfolio-wide Costs _ $-  $4.102,036 $(4.102,036) - | 0% 10%
PORTFOLIO TOTAL $49.356.250  $41,565.325 $7,790,925 1.19 100% 100%

P Gas Administrator Test % Of Total
PV of Benefits | PV of Costs | PV of Net Benefits PV of Benefits | PV of Costs
Enhanced Low Income Retrofit $31.241.566  $29.200.730 | $2.040.836  1.07 74% 77%
Residential Heating Equipment Rebates $7.090.887  $2.504.602 $4.586.285  2.83 17% 7%
Comprehensive Residential Retrofit Incentives 7 31,120,556  $1,125,275 $(4.719) 1.00 3% 3%
High Efficiency Construction Incentives (Residential) , $216.,738 $248,291 | $(31,553)  0.87 1% 1%
Residential Total §$39.669,747 $33.078.898 $6.590.849 1.20 94% 87%
Commercial and Industrial Retrofit Incentives $994.,406 $530.989 $463,417  1.87 2% 1%
Commercial and Industrial Equipment Rebates $1,365,001 $390,484 $974,517 |  3.50 | 3% 1%
High Efficiency Construction Incentives (Nonresidential) 8- $- % 0% 0%
Non-residential Total $2,359,407 $921,472 | $1,437935  2.56 6% 2%
Portfolio-wide Costs $-  $4,102,036 $(4.102,036) - 0% 1%
PORTFOLIO TOTAL $42.029,154 838,102,406 $3,926,747 1.10 100% 100%

2 As described in PGW’s FY20111 DSM Implementation Plan, the TRC cost-effectiveness test is the primary test used in determining DSM programs’ cost-

effectiveness. However, PGW also includes the Gas Administrator cost-effectiveness test to provide another perspective on program cost-effectiveness based
on utility system costs and benefits.



4. Program Impacts

The Enhanced Low Income Retrofit (“ELIRP™) program has been the lead program in
PGW’s DSM portfolio, representing 76 percent of all portfolio spending to date. From
inception to-date, the program has resulted in 5.803 closed cases, 3,289 closed-limited
cases, for a total 9.092 customers with installations. The ELIRP program now
demonstrates a cumulative BCR of 1.28. The ELIRP program is in the midst of a third-
party impact evaluation, the results of which are expected in late FY 2015 and will
provide further insight into ELIRP effectiveness. PGW expects to report on these results
in its upcoming FY 2015 DSM Annual Report. Beginning in FY 2016, PGW will begin
branding the ELIRP program to customers as the CRP Home Comfort program.

The Residential Heating Equipment Rebate ("RHER™) program has also been cost-
effective so far, with a BCR of 1.61, and has continued to increase participation. The
program has experienced increased participation among multifamily building owners:
however many of these projects install small-capacity heaters with relatively low TRC
cost effectiveness. PGW updated the rebate design in FY2015 to reduce the incentives for
projects likely installing smaller-sized heaters in an effort to improve Gas Administrator
cost-effectiveness, and the company has continued to monitor the issue. RHER
participation continues to trend upwards, although not as quickly as past predictions.
From inception to-date RHER has rebated 2,368 pieces of heating equipment totaling
$1,951,590.

The Home Rebates program? has experienced strong conversion rates from initial audits
to completed projects. and projects have demonstrated cost-effectiveness. To drive Home
Rebates Program participation and provide customers with additional choices, PGW
added two new contractors to the program in 2015. Unfortunately. the program faced a
setback in early FY 2015 when one of the most active contractors withdrew after closing
local operations. There are currently six participating Home Rebates program contractors.
I'rom inception through February 28, 2015, there have been 618 audits and 277

completed jobs.

PGW’s FY 2015 Implementation Plan projected that from inception in FY 2013 through
Y 2015, the Home Rebates program was expected to provide lifetime net present
benefits in 20098 of -$1.2 million with a BCR of 0.73. However, the program is starting
to get to levels where it could be sustainable going forward and start providing net TRC
benefits. The TRC BCR from inception through February 28, 2015, 1s 0.71 with negative
$550.615 (2014 dollars) in present value net benefits. Setting aside administrative costs,
the program has achieved a TRC BCR of 1.12 since inception and $115.000 in present
value of net benefits in (2009 dollars). The Gas Administrator Cost test measures more
narrowly the return to gas ratepayers. ignoring other resource savings and any additional
participant costs. As Table 5 shows. under this test, the program has essentially broken

" Originally referred to as the Comprehensive Residential Retrofit (“CRRI™) program.




even since inception. Furthermore, it has achieved a 1.20 BCR for the first half of FY 15,
despite low activity levels.

On the non-residential side, the Commercial and Industrial Efficient Equipment Rebates
(*CIER™) program has likewise shown strong cost-effectiveness with a cumulative TRC
BCR of 3.04, though participation remains lower than predicted. Since the beginning of
'Y 2015, the program has increased participation in the food service equipment and
boiler equipment categories: though the newly launched water heater and steam trap
rebates initial uptake has been slow. Participation in the custom CIER category is
increasing, with several projects involving low-flow water fixtures in multifamily
buildings. Overall, the CIER program has received 121 prescriptive and custom
equipment applications and incentivized 93 projects totaling $244.870 to-date.

The Commercial and Industrial Retrofit Incentive (“CIRI™) program* has provided
incentives for 21 projects with incentives totaling over $343.641. The program is TRC
cost-effective with a cumulative BCR of 1.45. and continues to see strong participation
for low-income multifamily buildings, which make up the majority of grants issued to-
date. A church and a small manufacturing facility are among the non-residential
commercial properties with completed CIRI projects. PGW continues to market to and
work with non-residential program applicants in developing viable projects.

The High Efficiency Construction Incentives ("HECI™) program? has provided technical
assistance and grants for the design and construction of multifamily, mix-use, and single
family home developments. The program is TRC cost-effective with a cumulative BCR
of 1.13, though participation has been slower than predicted. To date, the HECI program
has received 60 applications and incentivized 15 projects totaling $118.065. PGW is
currently working with a number of other projects that are anticipated to close by the end
of FY 2016.

Overall, the EnergySense portfolio remains TRC cost-effective and customer uptake of
the programs is continuing to increase. Counteracting these gains, however, is the
continued decline in the projected commodity cost of natural gas, which has continued to
erode the portfolio’s forecasted net benefits. The program implementation details that
follow are designed to maintain program cost-effectiveness through continued
participation growth and slight adjustments to target measures.

4 The CIRI program is advertised to customers as the “Efficient Building Grants™ program for ease of
marketing and communications.

5 The HECI program is advertised to customers as the “Efficient Construction Grants™ program for ease of
marketing and communications.

§




C. Portfolio Budgets, Savings, and Cost-Effectiveness
1. Budgets

In accordance with the terms of the Order in FY 2016 (assuming the Bridge Plan will last for the
entire fiscal year), PGW plans to spend approximately $10.7 million on total delivery of all six
launched DSM programs. PGW s administration costs come to $900,000, or 8.4 percent of the
sixth year’s budget.

Table 6 — Projected Budgets by Program for FY 2016 (Nominal)

PROGRAM FY 2016
Enhanced Low Income Retrofit | $7,570,000
Residential Heating Equipment Rebates _ $777,000
Comprehensive Residential Retrofit Incentives $666,614
High Efficiency Construction Incentives - Residential $90,500
Residential Total $9.104,114
Commercial and Industrial Retrofit Incentives $284,200
Commercial and Industrial Equipment Rebates $313.650
High Efficiency Construction Incentives — Nonresidential $90,500
Commercial & Industrial Total $688,350
Portfolio Administration and Management $600,000
Portfolio Marketing and Business Development . $300,000
Portfolio-Wide Costs Total $900,000
Utility Costs $10,692.464
Participant Costs $2.394.143
Total $13,086,007

Table 7 - Projected Portfolio Budget by Cost Category for FY 2016 (Nominal)

Category FY 2015

Customer Incentives & Measure Installation Costs $7.674,164
Administration and Management $630.000
Marketing and Business Development $300,000
Contractor Costs $1.867,000
Inspection and Verification $171.300
Evaluation $50,000
Utility Costs S$10,692.464

Participant Costs $2,394,143
Total S$13,086.607




¢ Savings

a) Gas savings

Table 8 — Projected Natural Gas Savings for FY 2016

Incremental Net Annual Incremental Net
Program Gas Savings Lifetime Gas Savings
(MMBtus/yr) (MMBtus)

Enhanced Low Income Retrofit 54.633.6 1,098,818
Residential Heating Equipment Rebates 14.151.6 310,263
Comprehensive Residential Retrofit Incentives ‘ 7,463.5 | 218,759
High Efficiency Construction Incentives (Residential) 1.388.8 25,293
Residential Total 77,637.5 1,653,133
Commercial and Industrial Retrofit Incentives 4.817.1 89.405
Commercial and Industrial Equipment Rebates 10,951.5 175481
High Efficiency Construction Incentives (Nonresidential) 1,388.8 25,293
Non-residential Total 17,157.5 290,180
PORTFOLIO TOTAL 94,795.0 1,943,313

8




b) Non-Gas Savings
Table 9 — Projected Non-Gas Savings for FY 2016

Incremental Net Incremental Net Incremental Net Incremental Net
Program Annual Electricity Lifetime Electricity | Annual Summer Peak = Annual Water Savings

Savings (MWh) Savings (MWh) Demand Savings (kW) (Million Gallons)
Enhanced Low Income Retrofit 665.0 15,207.3 253.3 29
Residential Heating Equipment Rebates i 8‘;.2 | 7?.783.4 7 N 0.0 0.0
Home Rebates . ‘_)0.1 - 2,702.3 - 0.0 7 0.1
High Efficiency Construction Incentives - Residential 37 . 106.3 0.0 0.3
Residential Total 8479 19.799.4 | 253.3 35
Commercial and Industrial Retrofit Incentives 61.9 1,322.4 - 0.0 1.2
Commercial and Industrial Equipment Rebates 0.0 0.0 00 5.8
High Efficiency Construction Incentives - Nonresidential . 37 | 1063 | 0.0 05
Commercial & Industrial Total 65.6 14287 | 0.0 76
Total Portfolio 913.5 21,2280 2533 11.1



3. Cost-Effectiveness

a. Projected Performance

Table 10-Projected Cost-Effectiveness Results FY 2016 (20148)

Program

Total Resource

% of Total

Enhanced Low Income Retrofit
Residential Heating Equipment Rebates
Comprehensive Residential Retrofit Incentives
High Efficiency Construction Incentives (Residential)
Residential Total
Commercial and Industrial Retrofit Incentives
Commercial and Industrial Equipment Rebates
High Efficiency Construction Incentives (Nonresidential)
Commercial & Industrial Total
Portfolio-wide Costs
Total Portfolio

Program

PV Benefits
$7,936,750
$1,960,729
$1,430,761

$180.632
S$11.508.871
$695.045
$1.322.846
$180.632
$2,198,524

$13,707.395

PV Costs
$6.981,373
$1,759,731
$1,411,554

$124.970 |

$10,277,628

$426,080

$410.398

$124.970

$961,449
$830,194
$12,069,271

Gas Administrator

PV Net Benefits

$955,377
$200.997
$19,206
$55.662
$1.231.243
$268.965
$912.448

$55.662

$1,237,075
$(830,194)
$1,638.124

BCR
1.14
LIl
1.01
1.45
112
1.63
3.22
145
229

n’a
1.14

| PV Benefits

PY Costs

58% 58%
14% 15%
10% 12%
1% %
84% 85%
5% 4%
10% 3%
1% 1%
16% 8%
0% 7%
100% 100%

% of Total

Enhanced Low Income Retrofit
Residential Heating Equipment Rebates
Comprehensive Residential Retrofit Incentives
High Efficiency Construction Incentives (Residential)
Residential Total
Commercial and Industrial Retrofit Incentives
Commercial and Industrial Equipment Rebates
High Efficiency Construction Incentives (Nonresidential)
Commercial & Industrial Total
Portfolio-wide Costs
Total Portfolio

PV Benefits
$6.380,289
1,827,411
$1.244 314

$129,574
$9.581.587
$497.148
$947.195
§129,574
$£1,573,917

$11,155,505

PV Costs
$6,981,373

$716,715

$614.,823

$83.481

$8,396,391
$262,157

$289,323
$83.481
$634.960

$830.194
§9.861,545

PV Net Benefits

$(601,084)
$1.110,695
$629.491
$46,093
$1,185.196
$234.991
$657.873
$46.093
$938.,957
$(830,194)
$1,293,959
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PV Benefits

PV Costs
57% 71%
16% 7%
11% 6%
1% 1%
86% 85%
4% 3%
8% 3%
1% 1%
14% 6%
0% 8%
100% 100%



As provided in previous IPs Table 11 presents an alternative evaluation by expanding the cost-effectiveness analysis of projected
portfolio performance to include the additional value estimated by Resource Insight, Inc. for the demand-reduction-induced price
effect (“"DRIPE™). and projected market prices for carbon emissions. These results should be compared to Table 10, since, in addition
to the standard benefit estimates generally used in Pennsylvania, PGW is also quantifying the value of two sources of real economic
value to PGW and Pennsylvania utility ratepayers from gas DSM savings:

I. Reductions in future gas prices caused by DSM reductions in market demand. and reductions in gas supply and price risk as a result
of lower PGW system gas demand.
2. Avoided internalized market costs of greenhouse gas emissions due to reduced gas consumption.

These additional sources of value amount to an additional $2.9 million in 2014 present worth.® Additional details on how these values
were developed can be found in PGW’s DSM Phase I1 Plan.

Table 11 — Projected Cost-effectiveness Results for 2016 (including value of DRIPE and Internalized CO2)

Total Resource % of Total
Program e
PV Benefits PV Costs o BCR PV Benefits PV Costs

Enhanced Low Income Retrofit $9.654.914 $6,981,373 $2,673,542 1.38 58% 58%
Residential Heating Equipment Rebates £2.387,163 $1,759.731 $627,432 1.36 | 14% 15%
Comprehensive Residential Retrofit Incentives $1,799.270 $1.411,554 5387716 .27 11% 12%
High Efficiency Construction Incentives — Residential 7 $210,261 $124,970 $85,291 1.68 1% 1%
Residential Total $14.051,609 $10,277,628 $3,773,980 1.37 85% 85%

Commercial and Industrial Retrofit Incentives [ $834.047 $426.080 $407.967 1.96 5% 4%
Commercial and Industrial Equipment Rebates $1.506.431 $410,398 $1.096.033 3.67 9% 3%
High Efficiency Construction Incentives - Nonresidential . $210.261 $124.970 $85.291 1.68 1% 1%
Commercial & Industrial Total §2,550,739 $961.,449 $1,589,291 2.65 15% 8%

Portfolio-wide Costs $830,194 $(830,194) n'a 0% 7%

6 Approximately $250,000 of the $2.9 million in additional benefits comes from DRIPE. The remaining $2.6 million in benefits accrue from avoided CO2
emissions.



I'otal Portfolio S$16.602.348 $12.069,271 $4.533.077 1.38 100% 100%




D.

Plan Development

This Plan updates information provided in previous Implementation Plans, provides
details on projected program activities in FY 2016.

The following material changes were made to PGW's DSM Plan to develop this Sixth
Year Implementation Plan and to ensure compliance with the approved settlement.
Additional details are provided in the relevant sections of the Plan.

Avoided costs for natural gas were updated based on latest available data, and
dropped significantly in the near future and slightly less after 2024,

The nominal discount rate used for cost-effectiveness analysis was updated to
4.980 percent from 4.976 percent in FY 2015 to reflect PGW's latest actual cost

18 Portfolio-wide changes
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of capital.
2. Program-specific changes

CRP Home Comfort

RHER

—~
—_—
P~

CIER

PGW will adopt more rigorous quality assurance inspection standards and
increase contractor mentoring activities to improve savings realization rates and
avoid missed savings opportunitics.

Beginning in 'Y 2016 the program. previously “ELIRP.” will be communicated
to customers as the CRP Home Comfort Program, to encourage participation
through improved understanding and awareness of the program.

Monitor cost-effectiveness of small capacity heating equipment. and issue new
program guidelines as necessary.

Discontinue rebates for programmable thermostats.

Pilot an initiative encouraging multifamily building owners to install higher
efficiency and more cost-effective furnaces in order to receive higher, customized

rebates.
Expand program outreach to non-residential commercial property owners.

I-xpand steam trap rebate offering to include steam trap inserts.

Expand eligibility to a broader range of high efficiency commercial-size hot water
heaters by including models that are 94% Thermal Efficiency but not ENERGY
STAR" certified.




e Revise the residential-sized water heater baseline to 0.615 Energy Factor, in
accordance with updates to Federal standards.

e Continue monitoring incentive levels with respect to project gas benefits, and
issue revised guidelines if necessary.

e Increase targeting of single-family home developers, and specifically real estate

development companies that develop in “bulk™ parcels.

Home Rebates
e  PGW will consider updating incentive structure to drive program participation
while still protecting cost-effectiveness.
e Revise the residential-sized water heater baseline to 0.615 Energy Factor, in
accordance with updates to Federal standards.

E. Coordination Activities

PGW continually seeks to coordinate DSM Portfolio efforts as much as possible with
other organizations and programs in order to leverage existing resources and avoid lost
opportunities and duplication of services. During FY 2016 PGW will continue the
following coordination activities:

Program/Organization & Description of Coordination

ENERGY STAR"

In an effort to promote the Commercial Equipment Rebates Program commercial food service rebates for
ENERGY STAR rated equipment, PGW became an ENERGY STAR Energy Efficiency Program Sponsor
in I'Y 2012. This collaboration has allowed PGW to stay up-to-date with ENERGY STAR activities, and

will allow it to be included in its national registries of rebates and incentives.

EnergyWorks

I'he EnergyWorks Commercial program, providing low-interest financing for larger commercial energy
cfficiency projects is still available. PGW will continue to identify opportunities to collaborate with
EnergyWorks on individual projects in combining PGW s rebates and grants with the attractive

EnergyWorks financing.

Habitat for Humanity

PGW and Habitat for Humanity coordinate services through Habitat’s Home Repair and Weatherization
Program. Habitat's program focuses on individual neighborhoods and provides weatherization and structural
repairs to support housing revitalization. Under this arrangement, PGW and Habitat share data as
appropriate and identify customers who are enrolled or eligible for both Habitat's Home Repair and
Weatherization Program and CRP Home Comfort. Habitat and PGW contractors identify pre-treatment and

structural issues for Habitat 1o address, and PGW contractors focus on weatherization To-date, PGW has

coordinated with Habitat for Humanity on five projects.




Program/Organization & Description of Coordination

National Nursing Center Consortium

PGW developed collaboration with National Nursing Center Consortium’s Lead and Healthy Homes
Program. NNCC provides home visits, consultations and home hazard remediation services for homes that
have children under seven with asthma conditions, or have the presence of lead paint, pests, or other
environmental hazards. PGW will share data to identify homes in both programs, give referrals and
coordinate treatment when possible. PGW will begin coordinating cases with NNCC in FY 2016.

Pennsylvania CareerLink Philadelphia

PGW has collaborated with the Philadelphia Workforce Investment Board and the Philadelphia Workforce
Development Corporation through PA CareerLink Philadelphia to connect local unemploved workers with
weatherization training programs and then onto employment with our CRP Home Comfort CSPs. To date,

Pennsylvania Housing Finance Authority (“PHFA™)

PHEFA currently provides funding assistance for multifamily residential energy-cfficiency projects through
their Smart Rehab program and administration of the Low Income Housing Tax Credit program. The
overlap between these programs PGW’s CIRI and HECI programs presents a significant coordination

opportunity.

PHFA also manages the Homeowner Energy Efficiency Loan Program (HEELP), which provides low
interest loans for weatherization and critical repairs. PGW customers participating in the Home Rebates

program may use HEELP 1o finance their projects,

Philadelphia Department of Public Health Green & Healthy Homes and Lead Poison Prevention

Programs

Ihrough this collaboration, PGW and Healthy Homes share data on customers who are assigned in both
programs. Healthy Homes is able to treat many health, safety and structural issues, which then allows CRP

Home Comfort CSPs to comprehensively treat homes otherwise not feasible.

Additionally, through this Green and Healthy Home Initiative collaboration, PDPH has offered to provide
free trainings and certifications in identifying relevant health and safety issues to PGW’s CRP Home
Comfort CSPs. The hope is that this exposure to the relevant issues can be a potential first step in
developing a more coordinated in-home collaboration that can achieve significant programmatic savings for

all.

F.  Marketing

The EnergySense marketing strategy will continue to be conducted as two general and
complementary campaigns targeting end-users: one in support of the residential programs
and the second in support of the commercial programs. In tandem with these campaigns,
PGW will continue its marketing to trade allies including HVAC installers, project
architects and engineers, the efficient equipment supply chain, to support continued
engagement among this market.




i) Residential Program Marketing

During FY 2016, PGW will continue use the Home Rebates program as the primary
message for residential end-user marketing activities, with the intention of driving
customers to comprehensive retrofits first and then if they are unable to participate. offer
the prescriptive rebate programs as an alternative. PGW will continue its successful
neighborhood outreach marketing efforts that utilize targeted advertisements, outreach
through local businesses, presentations at community meetings and participation in local
events. These activities will have a goal of establishing multiple touch-points to develop
“warm™ leads who, by the time they contact the program, are ready to proceed with an
assessment. To-date, PGW has conducted similar targeted outreach activities in eight
neighborhoods throughout the city.

One new campaign PGW will launch in late FY 15, which may tic-over into FY 16, is a
campaign that utilizes extensive data analytics and thermal imagery to identify customers
that may benefit the most from a home retrofit project. The campaign will offer
customers the opportunity to opt-in for obtaining thermal photographs of their homes
demonstrating air leakage and inefficiencies, with the goal of making the case to proceed
with a full energy assessment.

Other activities will include re-engaging Home Rebates customers that had energy
assessments but have not yvet completed a project, as well as customers that participated
in other PGW EnergySense programs. PGW will continue limited market awareness
activities, including targeted print and online advertisements, radio, and PGW bill
stuffers.

PGW will also continue its outreach to trade allies at HVAC supply houses, trade
associations, PGW’s monthly email newsletters and other venues in order to keep
contractors, property managers, architects and other industry professionals updated on
programs and encourage them to seek high efficiency options.

ii) Commercial Programs Marketing

PGW’s commercial programs will utilize a more specialized marketing strategy to target
the various customer markets and influencers most likely to generate EnergySense
projects. In the HECI program, PGW will continue to focus its marketing on property
developers through the real-estate industry network and building association, including
realtors, appraisers, inspectors and property management companies. This outreach is
expected to forge deeper ties with real estate and developer industry organizations. PGW
plans to further focus outreach activities on single family developers through wholesale
real estate developers that buy properties in bulk. Targeting these developers will
increase the efficiency and scale of marketing activities.

Similar to previous vears, PGW plans to work together with building industry
associations and equipment dealers to present EnergySense commercial program
information through small presentations and regularly scheduled webinars. PGW will
coordinate with food service manufactures and provide application and rebate
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information for contractors at point of sale at supply houses. Communication activities
targeting building owners will also include a Request for Application, similar to that
released in previous years, to encourage customers to apply immediately for the Efficient
Building Grants Program.

PGW also plans to continue outreach to the trade allies that act as chief influencers to
individuals making purchasing decisions for companies, and educate them on the benefits
of high efficiency natural gas equipment. PGW will reach these influencers, consisting of
project architects. engineers and mechanical contractors through direct communications,
presentations at firms, and outreach through trade organizations. PGW will seck to
expand its outreach through key industry organizations, such as the Philadelphia Chapter
of the Architects Institute of America. the Delaware Valley Green Building Council,
International Facility Management Association of Greater Philadelphia, Urban Land
Institute of Philadelphia, and Building Institute Association of Philadelphia.

G. Evaluation, Monitoring, and Verification
iii) Planning and Reporting

PGW will continue to provide an Annual Report for FY 2016 four months after the close
of the fiscal year. Should the PUC file an order on PGW’s DSM Phase I petition mid-
year in FY 2016, PGW may issue an amendment to this Implementation Plan.

iv) Quality Control

In 2015, PGW selected a new vendor to perform quality control inspections in ELIRP,
and equipment verifications for RHER and CIER. Contracting with a single vendor for
these programs has streamlined the portfolio’s quality control process. Through the use of
this vendor, PGW will implement enhanced verifications in the CRP Home Comfort
(formerly ELIRP) program to better identify savings opportunities, as discussed further in
that program’s scection below. In the RHER and CIER programs, PGW will utilize the
vendor to verify project installations and provide additional program insights that can
inform program improvements.

v) Roles and Responsibilities

PGW selected a portfolio grant and rebate payment processing firm in FY 2015,
Beginning in Y 2016, the firm will issue incentives for the HECT and CIRI programs in
addition to the RHER and CIER programs it served in FY 2015. Doing so will allow
PGW’s payment process to become more streamlined and cut down the amount of time it
takes to issue customer payments. Given results from the RHER Impact Evaluation and
surveys, PGW is also exploring opportunities to improve rebate processing timelines,
from application to rebate payment, in order to increase customer satisfaction. The
selected vendor will also provide call-support through a program information hotline, and
may also be utilized for targeted direct-mail marketing activities.




vi) Data Management
There will be no changes to PGW’s portfolio data management system in FY 2016.
vii) Evaluations
I'he following is a schedule of PGW?s third-party program evaluations that are currently

underway, or are planned for FY 2016. PGW will use the studies for program design
improvements, and to inform updates to PGW’s TRM assumptions.

The CIRI Impact Evaluation is currently underway, and is scheduled to be
completed by the end of FY 2015.

e The CIER Impact Evaluation and Market Study are currently in draft and are
expected to be finalized by the end of FY 2015.

e The HECI Market Study is currently underway, and is scheduled to be completed
by the end of FY 2015. The HECI Impact Evaluation is scheduled to take place in
'Y 2016. This was deferred due to the limited sample size of customers in the
first years of activity.

e The Home Rebates Impact Evaluation is scheduled to take place in FY 2016
based on FY 2014 activity.




H.  Key Assumptions

i) Avoided Costs
PGW updated its assumptions for the natural gas commodity portion of avoided costs as
part of the detailed program design process in July 2010, and has provided updated
studies annually as part of all Implementation Plans to date.” The updated avoided costs
fell by approximately 8.5% percent in real terms compared to the previous year’s
estimates. Costs for all periods analyzed fell by approximately 1% to 37% percent,
bringing the current avoided gas cost projections to their lowest levels since portfolio
inception. Table 12 shows the average change in projected avoided cost over various time
frames.

Table 12 — Percentage Change in Avoided Costs Between Plans

Space Heating Baseload Water Heating
April 2014 to March 2015

2013 -2016 -9.7% -11.0% -10.6%
2017 - 2021 -12.7% -14.4% -13.8%
2022 - 2031 -5.4% -5.6% -5.5%
2013 - 2031 -8.2% -9.1% -8.8%
2013 - 2016 -3.1% -3.8% -3.6%
2017 - 2021 -7.4% -8.6% -8.2%
2022 - 2031 1.2% 0.4% 0.7%
2013 - 2031 -2.0% -2.9% -2.6%
2013 - 2016 4.4% -0.2% 1.2%
2017 - 2021 -7.2% -12.8% -11.1%
2022 - 2031 0.0% -4.3% -3.0%
2013 - 2031 -1.0% -5.7% -4.2%
2013 - 2016 -6.6% -20.8% -16.7%
2017 - 2021 -22.7% -34.1% -30.8%
2022 - 2031 -14.9% -23.4% -21.0%
2013 - 2031 -15.2% -25.7% -22.7%
2012-2016 -5.6% -20.9% -16.3%
2017 - 2021 -19.3% -34.5% -30.6%
2022 - 2031 -10.3% -22.6% -19.4%
2013 - 2031 -21.1% 311 % -28.3%

7 See Appendix LA for table of updated avoided costs.
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September 2009 to March 2015

2012 - 2016 -24.4% -37.0% -33.5%
2017 - 2021 -31.7% | -42.2% | -39.2%
2022 - 2031 -26.8% 34.8% 32.6%
2013 - 2031 27.6% | -37.2% -34.5%

PGW also examined the portfolio under an alternative, expanded scope by including an
estimate of the economic value of wholesale price reduction in gas avoided costs caused
by demand reductions resulting from energy-efficiency improvements. These effects,
referred to collectively as DRIPE, reflect the same market dynamics as the swings in
gasoline prices that result from seasonal and secular variation in gasoline demand.
DRIPE varies over time and scope of the analysis. The estimate of gas DRIPE for
Pennsylvania ranges from $0.13 to $0.38 per MMBtu (in 2014 dollars). Resource Insight,
Inc.’s full analysis was provided most recently in the PGW’s Phase 11 Plan.

In addition to DRIPE, the expanded analysis included the estimates for the long-run value
of internalized market prices for reduced greenhouse gas emissions resulting from gas
DSM. The methodology for calculating these figures was included in the FY 2014, and
FY 2015 Implementation Plans, as well as PGW’s Phase 1 plan.

The avoided costs components of DRIPE and greenhouse gas emissions are not reflected
in Table 10 above. However, the values are reflected in Table 11 in order to show the
impact from these additional considerations.

ii) Benefit-Cost Analysis

The cost-effectiveness results reported in this plan were calculated using standard
industry practice for conducting the TRC and Gas Program Administrator tests for cost-
effectiveness.

I'he analysis used a real discount rate (“RDR™) of 2.92 percent. The RDR was calculated
using assumptions of a nominal discount rate (“NDR™) of 4.98 percent and a future
inflation rate of 2.0 percent. The inflation assumption has remained constant, while the
nominal discount rate has been updated to reflect PGW's true average weighted cost of
capital, which rose very slightly from 4.976 percent to 4.980 percent.

iii) Technical Reference Manual

PGW has filed an updated TRM as Appendix G to this plan, The TRM has been updated
to reflect new baseline assumptions for residential domestic hot water heaters based on
new Federal standards, and revised assumptions for the commercial steam trap and
commercial domestic hot water heater measures for reasons discussed in the CIER
section below.
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FY 2016 Program Plans

This section provides details on completed and planned implementation activities in FY
2016 for all six DSM programs comprising PGW’s EnergySense Portfolio:

The CRP Home Comfort Program

The Residential Heating LEquipment Rebate Program (“RHER™)

The Efficient Building Grants Program (“CIRI™)

I'he Commercial and Industrial Equipment Rebate Program (“CIER™)
The Efficient Construction Grants Program (“HECI™)

The Home Rebates Program

CRP Home Comfort Program

i)  Program Description

The CRP Home Comfort program, currently PGW’s Low-Income Usage Reduction
Program ("LIURP™), secks to provide cost-effective energy savings to 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 the CRP as paid
by all firm customers. The program secks to achieve these goals and make customers’

homes more energy efficient and comfortable by:

Repairing or replacing older and less energy efficient heating systems as
feasible.

Providing comprehensive weatherization services as feasible.

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-
cffectiveness.

Streamlining the delivery mechanism through the use of implementation

contractors.,

ii) Costs, Savings and Benefits

In order to more accurately project future savings, PGW has made updates to projections
based on actual activities to date. As a result of these actual findings. PGW has increased
the average savings and spending per project, while slightly lowering the cost per
MMBtu of gas savings. This has led to a decrease in the number of participants required
to meet savings and spending goals and an increase in projected benefits.




The CRP Home Comfort program aims to serve 1,759 customers in FY 2016, with
associated annualized gas savings of 54.6 BBtus, or 31.1 MMbtu/customer. In FY 2016.
the program is projected to cost $7.57 million. The following table shows a breakout of
participation, costs. and savings.

Table 13 — Projected CRP Home Comfort Impacts for FY 2016

Projected
(FY 2016)
PARTICIPATION
Customers with Installations - - ___1,75%
COSTS
Measure Installation Costs $5.972.000
Administration and Management $30.,000
Marketing and Business Development $-
Contractor Costs $1.493,000
Inspection and Verification £75.000
Evaluation $-
Utility Costs $7,570,000
Participant Costs $-
Total - e e R 87,570,000
BENEFITS
Net Annual BBtu 54.6
Net Lifetime BBtu 1.,098.8
Net Annual MMBtu / Customer 31.1
| Weighted Lifetime (years) I — 20.1

In FY 2016, PGW will continue its activities to improve cost-effectiveness by
coordinating with other agencies to mitigate issues that prevent comprehensive
weatherization, and addressing customer refusals. The company also plans to conduct the
two additional activities below to further improve CRP Home Comfort cost-
effectiveness:

A. Improving Contractor Work-scopes and Savings

Beginning in FY 2015, PGW engaged a new Quality Control Inspector with the goal of
improving work quality, communication and cost-cffectiveness. PGW's inspector is now
primarily focused on identifying missed opportunities and educating Conservation
Service Providers (“CSP™) on achieving greater and more cost-effective savings in
homes. PGW will also increase the frequency of “enhanced™ inspections that use a
blower door and infrared cameras for detailed investigations of work quality.

In addition to inspections, the firm will perform on-site mentoring with CSP staff on
identifying and addressing all potential savings opportunities. Through these activities,
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PGW hopes to further improve CRP Home Comfort cost-effectiveness and per-project

savings.
B. Improving CRP Customer Engagement

In FY 2016. PGW is exploring several new changes designed to improve customer
cooperation with the CRP Home Comfort program requirements. The most prominent
change is that PGW plans to re-brand the ELIRP program as CRP Home Comfort to
increase customer acceptance and educate customers about the benefits of weatherization.
PGW selected the name to specify that the program is designed solely for CRP
customers, and that the weatherization treatment improves comfort and quality of life in
the household. PGW will explore new ways to use this new branding to educate CRP
customers at various touch points with the company so that they are more willing to
participate when contacted by contractors, and understand that their participation is
required as a condition of CRP enrollment.

PGW will also encourage its CSPs to use the new brand to improve customer
engagement. One example is a post-card mailer to encourage selected customers to
accept CRP Home Comfort treatment. PGW will track these activities in FY 2016 and
expand within the program if successful.

iii) Workflow
I'here are no updates to the CRP Home Comfort workflow.

iv) Target Market and Program Eligibility
There are no updates to the CRP Home Comfort target market and program eligibility.

v) Target End-use Measures
The majority of installations include air sealing and/or insulation in the basement and
attic as well as some low cost measures such as low flow faucet acrators, low flow
showerheads. and training on the use of programmable thermostats. Approximately 33
percent of comprehensively treated homes (64 percent of all closed cases) received a new
furnace or boiler. In homes where comprehensive treatment is prohibited due to poor
conditions (principally, health and safety and water issues) the CSPs install basic
measures, such as a programmable thermostat, pipe insulation, or a carbon monoxide

detector, as feasible.

vi) Incentive Strategy
There are no updates to the incentive strategy.

vii) Roles and Responsibilities

()
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I'here are no updates to roles and responsibilities.

viii) Evaluation, Monitoring, and Verification

In FY 2016, PGW plans to update reporting fields to collect additional demographic data
about the homes treated, in order to provide information requested in the latest LIURP
codebook. There are no further evaluation, monitoring, and verification updates planned
for the CRP Home Comfort program.




B. Residential Heating Equipment Rebates Program
i)  Program Description

The RHER program issues prescriptive rebates on premium efficiency gas appliances and
heating equipment to increase the penetration of these measures in the homes of PGW's
customers. The program has the following objectives:

e Promote the selection of premium efficiency residential models at the time of
purchase of residentially-sized gas heating equipment.

e Increase consumers’ awareness of the breadth of energy efficiency opportunities
in their homes.

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

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

e Align incentives with other programs.

e Aid in market transformation towards highest-efficiency options.
Eligible customers select their own licensed contractor to install the premium efficiency
equipment and receive cash rebates to offset the majority of the higher efficiency
equipment’s incremental costs. The program launched April, 2011.

ii) Costs, Savings, and Benefits

Projections

The program aims to serve 1,084 customers in FY 2016, with associated annualized gas
savings of 14.2 BBtu, or 3.1 MMBtu/customer. The program is projected to cost
$777.000. The following table shows a detailed breakout of participation, costs, and

savings.

Table 14 — Projected RHER Impacts for FY 2016

Projected
(FY 2016)
PARTICIPATION
Rebates Issued ) 1,084
COSTS
Customer Incentives $668,000
Administration and Management $-
Marketing and Business Development $-

B
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Contractor Costs $50,000
Inspection and Verification £9,000
Evaluation $50,000
Utility Costs §777,000
Participant Costs S1,131,100
Total - S$1,908,100
BENEFITS
Net Annual BBtu 14.2
Net Lifetime BBtu 310.3
Net Annual MMBtu / Customer 3.1
| Weighted Lifetime (years) L 21.9 |

PGW has seen an increase in the number of claims received for smaller capacity furnaces
from landlord/developers for multifamily buildings, although this trend has stabilized.
Though this increase in participation benefits the program, the smaller units result in a
lower level of cost-effectiveness.

PGW continues to monitor the cost-¢ffectiveness of multifamily projects. It is currently
working to better encourage customers to seek comprehensive projects, and steer
multifamily projects to HECI or CIRI where project comprehensiveness may offset
measures that are less cost-effective. The company also plans to encourage multifamily
building owners to adopt cost-effective, higher efficiency equipment that will be analyzed
on a project-by-project basis. PGW will guide landlords and developers to purchase units
that exceed the efficiency of the program’s prescriptive equipment, and will calculate
custom rebates that provide a greater incentive to adopt the cost-effective equipment.
This strategy will help PGW improve program cost-efTectiveness while incentivizing a
higher efficiency alternative that may be adopted as a prescriptive measure in future
program years.

iii) Workflow
There are no updates to the workflow for RHER.

iv) Target Market and Program Eligibility
There are no updates to program eligibility.

v) Target End-use Measures

Beginning in FY2016, PGW will discontinue offering thermostat rebates. PGW found
that the majority of thermostat rebate applicants have incomplete information or are
missing documentation on their HVAC contractor invoices. This resulted in payments
being delayed. rebate processor time and other customer service challenges that did not

justify the cost.
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PGW has decided to postpone its plans to offer the combi-boiler measure until Phase 11.
The measure was originally proposed to be explored for launch in the FY 2014 1P, but
was postponed for launch in the FY 2015 IP. The primary roadblock has been to develop
a list of “cligible™ equipment that meets PGW’s efficiency requirements and can operate
on the company’s low-pressure distribution system. Furthermore, new measures take
several months or even years to be adopted in the market, requiring more time to build
the program than PGW currently has in its Bridge Plan approval.

As discussed above in the cost, savings and benefits section, PGW will also pilot a
custom equipment strategy that encourages multifamily property owners planning to
install small capacity heaters to instead install higher efficiency, more cost-effective
options. The target equipment and rebates for these custom projects would be determined

on a case-by-case basis.

Projections
PGW updated projections for rebates based on new incentive levels and market
acceptance. Updated projections can be found in the table below

Table 15 — Projected Rebates for FY 2016 by Equipment Type

Fiscal Year o 2016

Natural Gas Furnace

| 98
S )
NN

Natural Gas Boiler l
vi) Incentive Strategy
The following table shows the proposed rebate schedule for FY2016.

Table 16 - FY 2016 Planned Residential Equipment Rebates

2 i T i I“irsi -R(;hale Per- | Additional Rebates
Measure S5 s
Project Per-Project
Natural Gas Furnace 94% AFUE = . ~$500 - $250
Natural Gas 7\\';!{017"732“0& R)4Eiiz'\l-‘l fI_-, - S:;_l___:?(l;l i - .‘SKU(L

Since receiving the FY 2013 impact evaluation on RHER, which identified lower savings
than predicted, PGW has closely tracked the impact that smaller capacity boilers and
furnaces have on the program’s cost-effectiveness. PGW revised the rebate amounts in
Y 2015 in response to this problem, in an effort to reduce incentives to projects that are
likely to install smaller-sized equipment, but the issue of small capacity heaters remain a
challenge to program cost effectives due in-part to the falling commodity costs discussed

8 Projects are defined as one individual entity receiving a rebate for one building address.




in the Avoided Costs section above, PGW will continue to monitor this issue in I'Y 2016
and revise program guidelines if necessary to reduce the quantity of cost in-effective
products coming through the program.

vii) Roles and Responsibilities
There are no updates to roles and responsibilities
viii) Evaluation, Monitoring, and Verification

PGW’s rebate processor maintains a real-time database of rebate activity. PGW collects
program activity from its rebate processor and reviews it for accuracy. Program data is
then stored at PGW for long-term purposes.

In 2016, PGW will have an independent evaluation performed on its CY2014 year. The
evaluation is expected to identify program improvements, and may guide changes to
program assumptions used in the TRM. Any changes to the TRM will be filed with the
PUC.

PGW is seeking ways to improve its application review and verification processes to
improve customer satisfaction. In FY 2016, PGW will develop a process to give
enhanced review for claims that have challenges being approved. For example, in
situations where an HVAC contractor does not provide the required itemized invoice
showing the heater paid in full after requests from the customer and PGW, PGW will
consider sending its inspector on-site to verify the equipment. giving PGW the needed
assurance to approve the rebate.

C Commercial and Industrial Retrofit Incentives Program
i)  Program Description

I'he Efficient Building Grants or CIRI 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 for cost-effective gas-saving investments including high-efficiency heating
system replacements, improved system controls, and building thermal performance
enhancements. The program also assists participants in arranging financing for the
balance of project costs through partnerships with third-party lenders. The program has

the following objectives:
e Save natural gas through cost-effective energy efficiency retrofit projects.

e Make comprehensive energy-cfficiency retrofits affordable by offering
customized financial incentives that, when combined with third-party




financing, can provide participating customers with immediate positive
cash flow.

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

CIRI seeks to educate and encourage facility managers, department heads, and financial
officers to conduct audits of their facilities and identify cost-effective energy saving
retrofit opportunities. PGW then provides an incentive for completing the installation of
the identified savings measures, The initial phase of the program specifically targeted
energy efficiency opportunities in multi-family buildings. As the program ramped-up
additional commercial and industrial customer classes have been targeted.

ii) Costs, Savings, and Benefits
Projections
The CIRI program aims to serve 12 customers in FY 2016, with associated annualized
gas savings of 4.8 BB, or 401 MMBtu/customer. The program is projected to cost
$284.200 in FY 2016.

Table 17 — Projected CIRI Impacts for FY 2016

Projected
(FY 2016)
PARTICIPATION
Customers with Installations | [ - 12
COSTS
Measure Installation Costs $202,900
Administration and Management $-
Marketing and Business Development $-
Contractor Costs $70.000
On-site Technical Assessment 3-
Evaluation 2
Utility Costs §284.200
Participant Costs $177.,789
Total — I 1 $461,989
BENEFITS
Net Annual BBtu 4.8
Net Lifetime BBtu 89.4
Net Annual MMBtu / Customer 401.4
| Weighted Lifetime (years) R — — ~18.6

i) Workflow

In FY 2016, the only workflow update that PGW plans to make is to streamline the
application process to improve customer experience and increase the number of project
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leads. Furthermore, this update will make it easier for business owners to complete their

CIRI screening application prior to work beginning at the property, reducing the number

of projects that are ineligible due to project timing.

iv)  Target Market and Program Eligibility

I'here are no updates to the target market and program eligibility.

v) Target End-use Measures

I'here are no updates to the target end-use measures.

vi) Incentive Strategy

There are no updates to the incentive strategy.

vii) Roles and Responsibilities

I'here are no updates to roles and responsibilities.

viii) Evaluation, Monitoring, and Verification

I'here are no updates to evaluation, monitoring. and verification for CIRL.

e
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D.  Commercial and Industrial Equipment Rebates Program

i)  Program Description

The CIER program issues prescriptive rebates on premium efficiency gas appliances and
heating equipment to increase the penetration of these measures in the facilities of
PGW's commercial, industrial, and multi-family customers. The program has the
following objectives:

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

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

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

e Align incentives with other programs.
¢ Aid in market transformation towards highest-efficiency options.
Eligible customers will select their own licensed contractor to install the premium

cfficiency equipment and receive cash rebates to offset of the majority of the higher
efficiency equipment’s incremental costs,

i)  Costs, Savings, and Benefits

Projections

The program aims to serve 170 customers in FY 2016, with associated annualized gas
savings of 11.0 BBtu, or 64.5 MMBtu per-customer. The program is projected to cost
$313.650. The following table shows a detailed breakout of participation, costs, and

savings.

Table 18 - Projected CIER Impacts for FY 2016

Projected
B s ity ~ (FY 2016)
PARTICIPATION
| Customers with Installations B - 170
COSTS

Measure Installation Costs $236,650
Administration and Management -
Marketing and Business Development $-
Contractor Costs $60,000
Inspection and Verification $17,000




On-site Technical Assessment $-
Evaluation g-
Utility Costs $313.650
Participant Costs $131,335

| Total ) $444,985

BENEFITS

Net Annual BBtu 11.0
Net Lifetime BBtu 175.5
Net Annual MMBtu / Customer 64.5
Weighted Lifetime (vears) - o 160

i) Workflow

Although no immediate new workflow changes will be implemented, PGW plans to use
the CIER impact evaluation and market study to guide any necessary program updates.

iv) Target Market and Program Eligibility
There are no updates to program eligibility.
v) Target End-use Measures

In response to the launch of a new PGW LEnergySense steam trap incentives in FY 2015,
PGW heard from several firms interested in retrofitting steam traps with new functional
mechanisms, rather than replacing the entire unit. By replacing just the functional
components, the repair can be more cost-effective due to significantly lower labor and
slightly lower materials costs. Beginning in FY 2016, PGW will plan to offer
prescriptive rebates for steam trap inserts as an alternative to full replacement units. PGW
will verify the installation through signed confirmation from the installer indicating the
number of installed traps or steam trap repair kits, providing invoices indicating trap
model and manufacturer as well as the model and manufacturer of the steam trap repair
kit, and/or visual inspection of the trap and confirmation of the submittals. Both steam
trap conservation methods will yield significant gas savings, and. to the best of PGW’s
knowledge. have been implemented by conservation programs at Nicor Gas and Peoples
Gas in Pennsylvania.

PGW also plans to update the eligibility requirements of commercial-sized hot water
heaters by eliminating the requirement that equipment be ENERGY STAR" certified.
Equipment eligibility will be solely based on meeting a minimum rating ol 94% thermal
efficiency as certified by AHRI. This change is due to the customers investing in high
efficiency commercial hot-water heaters that are new to the market but which have not
sought ENERGY STAR certification.

vi) Incentive Strategy




Table 19 — FY 2016 CIER Incentive Strategy

Measure Name

Minimum Efficiency

Rebate Amount

Boiler, Hot Water (300 < MBH < 2,500)
2,500) 85% Thermal Efficiency (Et)

Boiler, Hot Water (300 < MBH = 2
Commercial Gas Large Vat Iryer

$2,900 - $8,400

90% Thermal Efficiency (Et)

ENERGY STAR®

. __{(Per-Frypot)
Commercial Gas Standard Vat Fryer
~ (Per-Frypot)
Commercial Gas Steam Cooker
~_(PerPan)

High-Efficiency Pre-Rinse Spray Valve

ENERGY STAR®

ENERGY STAR®

1.28 Gallons per Minute (GPM)
maximum

$800-$6,300

$1.,900
$1.,400
$600

$25

C'l Domestic Hot Water Heaters

94% Et

$4/MBH of rated
input capacity

(input > 75 KBtu/h)

Low Pressure Steam Trap
__Replacement or Insert
Medium Pressure Steam Trap
_ Replacement or Insert
High Pressure Steam Trap

Replacement or Insert

PSIG <15

15 <PSIG <75

75 < PSIG

vii) Roles and Responsibilities

There are no updates to roles and responsibilities.

viii) Evaluation, Monitoring, and Verification

There are no updates to evaluation, monitoring, and verification for the CIER program.
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E.  High Efficiency Construction Incentives Program
i)  Program Description

The HECI program promotes natural gas energy efficiency in the new construction and
gut rehab markets, both for residential and non-residential projects. The program
provides technical assistance and prescriptive financial incentives for projects that go
beyond building code. For commercial projects, incentives increase for projects based on
natural gas savings compared to the code baseline. The program has the following
objectives:

e Conserve natural gas consumption through cost-effective energy
efficiency measures in new construction and gut rehabilitation projects.

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

HECT seeks to convinee homebuilders, building owners, engineers, architects, and
contractors to incorporate natural gas energy efficiency into the design of their projects
and go beyond standards dictated by the building code. The program provides technical
assistance and incentives for meeting efficiency thresholds. PGW has engaged a CSP to
assess the project plans and verify eligibility, helping the customers meet and exceed
program energy savings requirements. PGW provides the financial incentive to the
customer upon the completion of the project.

i) Costs, Savings, and Benefits

Projections

The program aims to serve 30 single-family residential units, 10 multifamily buildings,
and two commercial new construction projects in FY 2016, with associated annualized
gas savings of 2.8 BBtu, or 66.4 MMBtu/customer. The program is projected to cost
approximately $181.000.

Table 20 — Projected HECT Impacts for FY 2016

Projected

s (FY 2016)
PARTICIPATION
Customers with Installations - - 42
COSTS

Measure Installation Costs S$157,000
Administration and Management $-
Marketing and Business Development $-
Contractor Costs $16.000
Inspection and Verification $8.000
On-site Technical Assessment $-

-d
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Evaluation $-
Utility Costs S181,000
Participant Costs $90,009
Total o $271,009
BENEFITS
Net Annual BBtu 2.8
Net Lifetime BBtu 50.6
Net Annual MMBtu / Customer 66,1
Weighted Lifetime (years) - 18.2 |

iii) Workflow

There are no updates to Workflow in the HECI program.
iv) Target Market and Program Eligibility

There are no updates to target market and program eligibility in the HECI program.
v) Target End-use Measures

In accordance with new U.S. Department of Energy manufacturer standards, PGW has
increased its baseline water heater assumptions from 0.58 energy factor to 0.615 for
storage hot water heaters. In the short-term, below-baseline equipment will continue to be
available through retailers; however, PGW’s adoption of the new standards will
encourage customers to go further in designing high-efficiency projects that exceed the
new. higher standards.

vi) Incentive Strategy

PGW continues to find that in some projects the calculated customer grant may exceed
gas benefits due to prescriptive rebates being included within the comprehensive custom
projects. This issue was addressed in FY 2015 when the incentives for HECI and RHER
were adjusted to protect gas administrator test cost-effectiveness while still aligning
program incentives. Although the issue has become much rarer, on some occasions, a
customer’s combined RHER and HECT project incentive may exceed the gas benefits for
that project. This issue is further aggravated by the fact that gas avoided costs have fallen
again with the FY 2016 IP. PGW will continue to track this issue in FY 2016 and if it
becomes more frequent again, make any necessary program incentive design changes.

vii) Roles and Responsibilities

There are no updates to roles and responsibilities
viii) Evaluation, Monitoring, and Verification

There are no updates to evaluation, monitoring, and verification for the HECI program.
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£ Home Rebates Program

i)  Program Description

The Home Rebates program provides incentives to customers and contractors that
perform comprehensive natural gas energy efficiency retrofits. The Home Rebates
program has the following goals:

e Save natural gas through cost-effective residential retrofits.

e Achieve an average reduction of at least 20 percent in annual gas heating
consumption among all participants.

e Promote better understanding of energy efficiency options available for
the residential market.

Home Rebates provides incentives to single-family residential customers for
implementing natural gas saving measures in their home, such as air sealing. insulation,
and heating system replacements. Customers are eligible for a subsidized energy
assessment and can carn rebates based on the calculated first-year MMBtu savings of
their completed measures. PGW, through a third-party administrator, oversees a network
of contractors approved to perform work under Home Rebates. The program builds on
the lessons learned from implementing ELIRP, which promotes similar energy efficiency
packages among PGW’s low-income population through use of approved conservation
service providers (“CSPs™).

ii) Costs, Savings, and Benefits

Projections

PGW aims to complete 257 Home Rebates projects in FY 2016, with associated
annualized gas savings of 7.5 BBtu, or 29.0 MMBtu/customer. The program is projected
to cost $666.614.

PGW has revised its Home Rebates program assumptions to account for the program’s
strong conversion rates from initial audits to completed projects. Although the program is
not projected to achieve cumulative TRC cost-effectiveness in Phase |, due to slow
market uptake and high implementation costs, it is projected to provide positive TRC net
benefits going forward despite falling gas commodity costs. The Home Rebates Program
is projected to achieve a 1.01 BCR in the FY 2016 program year and a Gas Administrator
BCR of 2.02.
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Table 21 — Projected Home Rebates Impacts for FY 2016

Projected
(FY 20106)
PARTICIPATION
Analyses/Audits 643
| Customers with Installations B 257
COSTS
Measure Installation Costs $437.614
Administration and Management $-
Marketing and Business Development $-
Contractor Costs $178.000
Inspection and Verification $51,000
On-site Technical Assessment $-
Evaluation $-
Utility Costs $666,614
Participant Costs $863,909
Total - $1,530,523
BENEFITS
Net Annual BBtu 75
Net Lifetime BBtu 218.8
Net Annual MMBtu / Customer 29.0
| Weighted Lifetime (years) I 29.3

iii) Workflow

There are no updates to the program work flow.
iv) Target Market, Program Eligibility and Process

There are no updates to Home Rebates target market. program cligibility and process.
v) Target End-use Measures

PGW will apply the updated residential domestic hot water heater baseline discussed
above in the HECI section to Home Rebates where applicable.

In FY 2016, PGW will also encourage CSPs to perform more low-cost and “labor-only™
measures that easily capture savings that can be done at the time of an audit to provide
customers with immediate value and deliver program savings without additional cost.
LLow-cost “labor-only™ measures include hot water tank turn-downs and thermostat
adjustments. Similarly PGW will explore new ways to market basic measure packages at
the time of audit. such as door weather-stripping and basic air sealing, pipe wrap,
thermostat and health and safety measures that can be easily included early in a project.
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vi) Incentive Strategy

The primary challenge in the Home Rebates program has been limited customer
participation. A secondary challenge to program success is the number of projects that do
not proceed with a comprehensive project. The Home Rebates program has achieved a
high project conversion rate of 44% since inception, but significant percentages of homes
still do not proceed after receiving an audit. To combat these issues, PGW is launching a
limited time offer in FY 2015 to provide a $500 bonus to encourage the completion of
comprehensive projects. The promotion is designed to motivate customers that had audits
performed but have not yet acted upon them, and to encourage borderline customers to
participate. This incentive is simple to communicate, and gives CSPs an opportunity to
reach out to old customers and motivate new ones. Pending the outcome of this incentive
promotion, PGW may offer other similar short-term marketing promotions, such as
referral bonuses, in Y 2016.

In addition to short-term marketing promotions, PGW will review the results of the
comprehensive project bonus promotion to inform potential changes to the Home Rebates
Program incentive strategy. One option that PGW is exploring is to calculate rebates
based on lifetime savings, instead of first-year savings. This shift would provide higher
incentives for comprehensive projects that achiever higher savings over a longer period
of time, and therefore more cost-effective savings. PGW is exploring design strategies to
ensuring this change would be effective and could be implemented seamlessly into the
program’s communications and workflow.

vii) Roles and Responsibilities
There are no updates to roles and responsibilities in the Home Rebates program.

viii) Evaluation, Monitoring, and Verification
There are no updates to evaluation, monitoring, and verification in the Home Rebates
program.
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A. PGW Avoided Gas Costs Over Time
Comparison of Space Heating Avoided Costs (20095)
Original Plan | FYI111P FyYi2 1p FYI131P FY14 1P FYI15 1P FYlo 1P

Yenr 9/28/09 7/126/10 3/21/11 4/7112 4/7/113 4/25/14 3/12/15
2011 $8.63 $6.54 $6.35 $6.35 $6.35 $6.35 $6.35
2012 $8.55 $6.57 $6.48 $5.40 $5.40 $5.40 $5.40
2013 $8.51 $6.59 $6.51 $5.97 $6.75 $7.24 $7.24
2014 $8.54 $6.77 $6.84 $6.22 $6.73 $7.54 $7.54
2015 $8.62 $7.04 $7.21 $6.34 $6.67 $7.00 $5.52
2016 $8.77 $7.30 $7.51 $6.46 $6.67 $6.90 $5.69
2017 $9.00 $7.52 $7.76 $6.60 $6.70 $6.91 $5.97
2018 $9.29 $7.70 $8.00 $6.72 $6.76 $7.08 $6.15
2019 $9.44 $7.90 $8.25 $6.81 $6.85 $7.29 $6.35
2020 $9.43 $8.09 $8.50 $6.97 $6.96 $7.51 $6.57
2021 $9.46 $8.27 $8.71 $7.22 87.11 $7.70 $6.83
2022 $9.57 $8.36 $8.80 $7.42 $71.27 $7.87 $7.09
2023 $9.88 $8.34 $8.78 $7.59 $7.44 $7.97 $7.34
2024 $10.24 $8.38 $8.82 $7.73 $7.61 $8.06 $7.56
2025 $10.58 $8.51 $8.90 $7.94 $7.71 $8.18 $7.79
2026 $10.91 $8.66 $9.12 $8.10 $7.85 $8.29 $7.93
2027 $11.19 $8.87 $9.34 $8.08 $7.92 $8.38 $8.02
2028 S11.41 $9.12 $9.60 $8.00 $8.01 $8.55 $8.19
2029 $11.59 $9.38 $9.88 $8.04 $8.13 $8.80 $8.44
2030 $11.65 $9.48 $9.98 $8.23 $8.26 $8.92 $8.56
2031 $11.87 $9.69 $10.24 $8.45 $8.41 $9.10 $8.74
2032 $11.87 $9.69 $10.24 $8.57 $8.50 $9.32 $8.95
2033 $11.87 $9.69 $10.24 $8.70 $8.83 $9.46 $9.09

. Space Heating Avoided Costs (20095)

$12.00

$10.00 /

$8.00 1-

$6.00

w—()riginal Plan 9/28/09
—( 110 7/26/10
—fY12 1P 3/21/11
—rY131P 47712

$4.00

$2.00

2011
| 2012
2013
2014
2015
2016

— 141 A1/13
w—15 1P 4/25/14

—fy16 P 3/12/15

. S——
< WO~ 00O N
NN NN SN SmM MM
000000000
NN N NN NN NN

40




Comparison of Bascload Avoided Costs (20095)

e O:,'lg::“' FYITIP | FY121P | FYI3IP | FYI4IP | FYISIP | FY16IP
9/28/09 7/26/10 3/21/11 4/7/12 4/7/13 4/25/14 3/12/15
2011 $7.28 $5.54 $5.15 $5.15 $5.15 $5.15 $5.15
2012 $7.24 $5.59 $5.32 $3.82 $3.82 $3.82 $3.82
2013 $7.21 $5.64 $5.40 $4.36 $4.80 $5.23 $5.23
2014 $7.24 $5.82 $5.70 $4.59 $4.78 $5.38 $5.38
2015 $7.32 $6.07 $6.04 $4.73 $4.74 $5.00 $3.80
2016 $7.45 £6.30 $6.30 $4.85 $4.76 $4.94 $3.95
2017 $7.65 £6.51 $6.53 $4.99 $4.81 $4.97 $4.20
2018 $7.91 $6.68 $6.74 $5.12 $4.89 $5.14 $4.37
2019 $8.05 $6.86 $6.97 $5.21 $5.00 $5.36 $4.57
2020 $8.04 $7.04 $7.19 $5.38 $5.13 $5.58 $4.79
2021 $8.07 $7.21 $7.38 $5.61 $5.29 $5.76 $5.04
2022 $8.17 $7.29 $7.46 $5.81 $5.45 $5.92 $5.29
2023 $8.45 $7.27 $7.44 $5.99 $5.63 $6.01 $5.51
2024 $8.78 §7.30 $7.48 $6.13 $5.80 $6.10 5. M
2025 $9.08 $7.43 $7.61 $6.33 $5.92 $6.23 §5.93
2026 $9.37 $7.57 $7.75 $6.50 $6.06 $6.34 $6.06
2027 $9.63 $7.76 $7.95 $6.49 $6.13 $6.44 $6.15
2028 $9.82 $7.99 $8.18 $6.42 $6.24 $6.60 $6.31
2029 $9.99 $8.23 $8.43 $6.47 $6.36 $6.85 $6.55
2030 $10.04 $8.32 $8.52 $6.66 $6.49 $6.97 $6.67
2031 $10.24 $8.52 $8.76 $6.88 $6.64 $7.14 $6.84
2032 $10.24 $8.52 $8.76 $7.00 $6.74 $7.36 $7.05
2033 $10.24 $8.52 $8.76 $7.13 $7.06 $7.49 $7.1%
S ~ Baseload Avoided Costs (20095)
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Comparison of Water Heating Avoided Costs (20128)

Original | po e | pyizie | #vizie | FYi41p | FYISIP | FYI6IP
Year Plan
9/28/09 nen0 | 3m | annz a3 | 4nsna | 3nans
2011 $7.62 $5.79 $5.45 $5.45 $5.45 $5.45 $5.45
2012 §7.57 $5.83 $5.61 $4.21 $4.21 $4.21 $4.21
2013 $7.54 $5.88 $5.68 $4.76 $5.29 $5.74 $5.74
2014 $7.57 $6.06 $5.98 $5.00 $5.26 $5.92 $5.92
2015 $7.65 $6.31 $6.33 $5.13 $5.23 $5.50 $4.23
2016 $7.78 $6.55 $6.61 $5.26 §5.24 $5.43 $4.39
2017 $7.99 $6.76 $6.84 $5.39 $5.28 $5.45 $4.64
2018 $8.26 $6.94 $7.05 $5.52 $5.36 $5.62 $4.82
2019 $8.40 $7.12 $7.29 $5.61 $5.46 §5.85 $5.02
2020 $8.39 $7.30 $7.52 $5.78 $5.59 $6.06 $5.24
2021 $8.42 §7.48 $7.72 $6.02 $5.74 $6.24 $5.49
2022 $8.52 $7.55 $7.80 $6.21 $5.91 $6.40 $5.74
2023 $8.81 $7.54 $7.78 $6.39 $6.08 $6.50 $5.97
2024 $9.14 $7.57 $7.82 $6.53 $6.25 $6.59 $6.17
2025 $9.45 $7.70 $7.95 $6.74 $6.36 $6.72 $6.40
2026 $9.76 $7.84 $8.09 $6.90 $6.50 $6.83 $6.53
2027 $10.02 $8.04 $8.30 $6.88 $6.58 $6.92 $6.62
2028 $10.22 $8.27 $8.54 $6.82 $6.68 $7.0 $6.78
2029 $10.39 $8.52 $8.80 $6.86 $6.80 $7.34 $7.02
2030 $10.44 $8.61 $8.89 $7.05 $6.93 $7.46 $7.14
2031 $10.65 $8.81 $9.13 $7.27 $7.08 $7.63 $7.31
2032 $10.65 $8.81 $9.13 $7.40 $7.18 $7.85 $7.52
2033 $10.65 $8.81 $9.13 $7.52 $7.50 $7.99 $7.66
—r Water Heating Avoided Costs (2009%)
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B. List of Acronyms

Acronym Meaning
ACEEE American Council for an Energy Efficient Economy
ARRA American Recovery and Reinvestment Act
BCR Benefit-cost ratio N
[ BSRP Basic System Repair Program o .
CEE Consortium for Energy Efficiency
CIRI Commercial and Industrial Retrofit Program -
CRRI Comprehensive Residential Heating Retrofit Program
CRP Customer Responsibility Program
CSP Conservation Service Provider
CWP Conservation Works Program
CY Calendar Year
DEP Department of Environmental Protection
DSM Demand-Side Management
ECA Energy Coordinating Agency
ECRS Efficiency Cost Recovery Surcharge
ELIRP Enhanced Low Income Program
FY Fiscal Year (PGW's fiscal year goes from September 1 to August 31)
GEEG Green Energy Economics Group, Inc.
HECI High Efficiency Construction Program

Keystone HELP

Keystone Home Energy Loan Program

NAECP

National Appliance Energy Conservation Act

NDR Nominal Discount Rate -
PA Pennsylvania 7 -
PECIEP Commercial and Ind-usl-r-iail_a;uime:nl Rebates I’mgr;Tm
RHER - Premium Efficiency Heating Equipment Program
PGW Philadelphia Gas Works ' -
PHDC Philadelphia Housing Development Corp.
RDR Real Discount Rate - -
| TRC o Total Resource Cost o - -
TRM Technical Reference Manual i - _
USC Universal Services Charge
WAP Weatherization Assistance Program

43




10.000 therms
10.000.000 therms

100 cubic feet
1,000 cubic feet
1.000.000 cubic feet
1.000.000.000 cubic feet

1,000,000 Btu
1,000,000,000 Btu

1.000 watts
1.000.000 watts
1.000.000.000 watts
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D.

Organization Chart
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E.

Sales Reduction Projections

Gas Sales Reduction Projections from FY 2016 Activity (MCF)

FY Total Total (excluding CRP)
2016 37,495 16,358
2017 92,034 38,992
2018 92,034 38,992
2019 92,034 38,992
2020 92,034 38,992
2021 91,786 38,744
2022 90,741 37.698
2023 90,741 37.698
2024 90,741 37,698
2025 90,741 37.698
2026 84,639 35314
2027 84,639 35.314
2028 81,670 32,344
2029 79,885 30,560
2030 78157 28,831
2031 78,157 28,831
2032 78,157 28,831
2033 78,157 28,831
2034 35,276 28,831
2035 35,276 28,831
2036 26,825 20,380
2037 24,841 18,396
2038 23,759 17,314
2039 23.759 17,314
2040 23,759 17,314
2041 14,236 7,792
2042 14,236 7,792
2043 14,236 7,792
2044 14,236 7.792
2045 13,441 6,996
2046 6,445 -
2047 6,445 -
2048 6,445 -
2049 6.445 -
2050 6.445 -

Lifetime 1,674,324 607,510
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F. Projected Job Creation

The following table presents the range of employment-impact projects for the proposed

PGW programs, using a range of jobs created per trillion BTU saved. The job figures
presented here do not include the additional jobs created from the electric savings

resulting from PGW’s programs. Please see PGW’s DSM Phase 11 Plan for a discussion
of the research that lead to the assumptions of jobs created per TBtu.

JOB CREATION IMPACTS OF GAS
EFFICIENCY PORTFOLIO

30 Jobs/TBtu l 40 Jobs/TBtu | 50 Jobs/TBtu

RESIDENTIAL PROGRAMS

FY 2016 | 43 | 57 | 71
NON-RESIDENTIAL PROGRAMS
FY 2016 | 9 | 12 | 15

L FY

TOTAL PORTFOLIO

2016 | 52 | ] 86
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G. Technical Reference Manual

I'he technical reference manual for FY 2016 has been provided as a separate document.
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Technical Reference Manual
Measure Savings Algorithms

ENERGYSENSE

Your building, your savings

POW

June 4, 2015
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. Residential Time of Replacement Market

A. Space Heating End Use
1)Efficient Space Heating System

Unique Measure Code(s): TBID

Draft date: 2/17111
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 meel minimum cfficiency requirements (AFUE).

Definition of Baseline 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 Bascline AFUE
Gasg Furnace 80%
Gasg Boiler 80%

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

minimum AFUE requirements are detailed below.

Equipment Type

Minimum AFUE

(ras Boiler

Gas Furnace 94%
Gag Furnace with IECM Fan 94%,
04%

Gas Savings Algorithms

MM B1u savings are realized due to the increase in AFUE of the new equipment. MM Btu savings vary by equipment
type due to differences in model specitic baseline AFUE and high efficiency AFUE percentages. Savings are
calculated from the bascline new unit to the installed efficient unit.

Capacityo,. 1
o MBte) = x - x EFLH
Annual Gas Savings (MM Btu} 1000 AFUEy ~ AFUEs; Near
Where:
Capacily gy = Output capacity of equipment to be installed (kBiushr)
Junc 4, 2015
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1,000 = Conversion from kBtu to MMBtu

AFUE g5 = Efficiency of new bascline equipment (Annual Fuel Utilization Efficiency)
AFUEy = Efficiency of new cquipment

EFLH| e = Equivalent Full Load Meating Hours (730 hours for furnaces, 854 for boilers)'

Electric Savings Algorithms

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

Energy Savings
AkWh =700 kWh

Demand Savings

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

Persistence

The persistence factor is assumed to be one,

Measure Lifetimes

Equipment Type Measure Lifetime
Gas Furnaces 20
Cias Boilers 25

Source: Lifelime estimates used by [fficiency Vermont,

Water Savings
There are no water savings for this measure.

"IIFLH based on adjustments applicd based on 2014 evaluation by APPRISE,
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2)Programmable Thermostat

Unique Mcasure Code(s): TBD

Draft date: 2017711
Effective date:  TBD
End date; TRD

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 cach 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 tlemperature setting at

different times of the day and week.

Gas Savings Algorithms

Annual Gas Savings (MMBtw) = SH,,, % 53% = (81 — 30} x 5.3% = 1.53 MMBtu

Where:
SHy. = Space Heat MMBtu pas usage with manual thermostat
53% =  DPercentage savings from programmable thermostat compared to manual thermostat®
81 = Typical PGW residential heating customer total gas usage in MMBuu,
30 = Non-spacc-heat gas usage in typical residence.?

Elcctric 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-conditioning and estimate the cooling savings as 83% of'a
house with central air conditioning.”

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

Encrgy Savings
AkWh = Akwh,\m + AkWhCuul
ARW = Annual Gas Savings (MMBeu) X Auxiliory

AkWhe o = 0 kWh if housc has no air conditioning
= AkWhe, ~ i house has central air conditioning

2 Pereent savings from CWP evaluations of ECA thermostat installations.

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

* Percentage of houses with air-conditioning from EIA Table ACI1.x1s for Middle Atlantic region (PA, NY. NI). From:
hitp:/fwww.cia.doc. goviemew/recs/recs2005/e2005_tables/detailed_tables2005 himl
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= {0 if house has room air conditioning
= 83% ¥ AkWheu e if no information about air conditioner

Btw I KVR
120007 " 7500 Wh

EXRcpor X Effauce

AWheae = CAPgpar X x EFLH X ESFgpq,

Deemed Savings:
AkWh = skWh,,, + AkWh,., . (rissing) = 7.7 + 77.1 = 8.8 kWh

AkWh,,, = 1.53 % 5.02=77
AkWhe,e missing) = 83% x AkWhyye

12
a3 3 (—) 1032 0.02 =771
% x 3 x 10 x0.8 * )% 77

Demand Savings

AkW =0 kW
Where:
AkWly = gross customer annual kWh savings for the measure.
AkW = gross customer summer load kW savings for the measure.
CAFPcooL = capacity of the air conditioning unit in tons, based on nameplate
capacity (see table below)
EERcoor = Seasonally averaged efficiency rating of the baseline unit. (see table
below)
Eff juct = duct system efficiency (see table below)
ESFcoor = energy savings factor for cooling and heating, respectively (see table
below)
EFLH = equivalent full load hours
June 4, 2015
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Residential Electric HYAC Calculation Assumptions

Component Type Value Sources
CAPcooL Variable Nameplate data Contractor Data
Gathering
Default: 3 tons 1
EERcooL Variable Nameplate data Contractor Data
Gathering
Default: Cooling = 10 SEER 2
Default: Heating = 1.0 {electric furnace COP)
Effguc Fixed 0.8 3
ESFcooL Fixed 2% 4
EFLH Fixed Philadetphia Cooling = 1,032 Hours 5
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 [ree ridership and spillover, the values are assumed to be zero,

t

_Equipment Type

Free Ridership

Spillover

Programmable Thermostat

0%

0%

Persistence

The persistence factor is assumed 1o be one.

Measure Lifetimes

Equipment 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,
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B. _Water Heating End Use
1)Tankless Water Heater

Unique Measure Code(s): TBD

Drafi date: 5/28/15
Eftective date:  TBD
End dalte: TBD

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

Definition of Bascline Condition
The efficicncy tevels of the gas-fired stand-alone storage water heater that would have been purchased absent this or

another DSM program are shown in the following table.

Equipment Type Baseline EF
Gas Stand-alone Slorage Water 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 are detailed below.

Equipment Type Minimum EF
Gas Tankless Watcer Heater 0.82

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

(’#- ﬁ) X 41,045 x 365
- - o8
Annual Gas Savings (MMBtu) = 1.000.000

Where:
EFp. = Energy Factor of bascline water heater = 0.60
EFge = Encrgy Factor of efficient waler heater
Electric Savings Algorithms

There are no electric savings from this measure.

Encrgy Savings
AkWh = 0kWh

3 Based on the lederal standard for residential gas-fired water heater as of April 16, 2015 and assumed typical 40 gallon storage.
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Demand Savings

AkW=0kW

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

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

Equipment Type Free Ridership Spillover
Tankless Waler Mcaler 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

Tankless Water Heater 20
Source: Energy Star Residential Water Heaters: Final Criteria Analysis, April 1, 2008, p. 10.

Water Savings
There are no water savings for this measure.

C. Combined Space and Domestic Hot Water Usage

1)Combination Boiler - Space Heating and DHW

Unigque Measure Code(s): TBD

Draft date: 7/29/13
Effective date: TBD
End date: TBD

Measure Description

This measure applies to residential-sized combination boilers purchased at the time of natural replacement. These
are intcgrated boilers that provide hot water for space heating and on-demand domestic hot waler and have minimal
or no hot water storage. A qualilying combination boiler {combi boiler) must mect minimunm cfficiency

requircments (AFUL).

Definition of Baseline Condition
The efficiency levels of the gas-fired boiler and stand-alone storage water heater that would have been purchased

absent this or another DSM program are shown in the following table.

June 4, 2015
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Equipment Type Bascline
Gas Boiler 80% AFUE
Gas DHW tank 0.60 EF

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

minimum AFUE requirements are detailed below.

Equipment Type Minimum AFUE
94% AFUE
Gas Combi Boiler 0.94 EF

Gas Savings Algorithms

MM B savings are realized due to the increase in AFUE of the new equipment. MMBiu savings vary by equipment
type due 1o dificrences in model specific baseline AFUE and high efficicney AFUE percentages, Savings are
calculated from the baseling new unit to the installed efficient unit.

Annual Gas Savings (MMEBtu) = Annual Gas Savingss, ¥ Annual Gas Savingspuy,

Annual Gas Savi Copacityiour ( 1 ) EFLM
nnual Gas savingsey = 1,000 X AFUE; .o AFUEEH X Heag
Where:
Annnal Gas Savingsgy = Space heating annual gas savings (MMBiu)
Annuval Gas Savingspe = Domestic Hot Water annual gas savings (MMBiu)
Capacilypy = Qutput capacily of cquipment to be installed {kt3w/hr)
1,000 = Conversion from kBtu to MMB1u
AFUE . = Efficiency of new bascline equipment {Annual Fuel Utilization Efficiency)
AFUL = Efficiency of new cquipment
EFLH) = [iquivalent Full Load lleating [ours (854 hours)(’

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

1 1 )
—_— e 41,045 x 365
(E&us EFEH X

Annual Gas Savings =
’ SavingSomy 1.000.000
Where:
EFyse = Encrgy Factor of bascline water heater = 0.60
Elgy = Energy Factor of efficient combi boiler. 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.

* Based on 2014 APPRISE cvaluation for boilers.
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Electric Savings Algorithins

Energy 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.

Frecridership/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
0% %

Gas Combi Boiler

Persistence

The persistence factor is assumed to be one.

Measure Lifctimes

Equipment Type

Measure Lifetime

CGias Combi Boiler

20

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

Waler Savings

There are no water savings for this measure.

D. All End Uses

DCustom Measure
Unigue Measure Code(s): TI3D

Draft date: 7/22/13
Effective date: TBD
End date: TBD

Mecasure Description

This measure applies to all custom measures, not otherwise specified in this TRM.
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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 elficient 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.

Arnual Gas Savings (MMBtu)} = Baselinellse — EfficientUse

Where:
BasclineUse = The gas usage of bascline cquipment or building.
EfficientlUse = The gas usage of efficient equipment or building,

Electrie Savings Algorithms

Energy Savings
AkWh = BaselinekWh - Efficienthk Wit

Demand Savings
AKW = BaselinekW - Efficientk

Where:
AkWh = Gross cuslomer annual kWh savings for the measure.
AkW = Gross customer summer Joad kW savings for the measure.
BaselinekWh = The clectric kWh usage of baseline cquipment or building.
EfficientkWh = The electric kWh usage ol efficient equipment or building.
BaselinekW = The clectric kW usape of baseline equipment or building,
EfficientkW = The clectric kW usage ol eflicient equipment or buikding,

Freeridership/Spillover
Until studies have been performed o 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.
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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,

Junc 4, 20i5
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Il. Residential New Construction
A. All End Uses

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

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

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

Definition of Bascline 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 Efficicnt Condition

The efficient measure is any equipment that uses less energy than the baseline equipment.

Gas Savings Algorithms

The generalized equation for a custom measure compares the baseline usage to the cfficient usage.

Annual Gas Savings (MMBtu) = Baselinelise — EfficientUse

Where;

BaselineUse =  The gas usage of baseline equipment or building.

EfficientUse The gas usage of efficient equipment or building.

Elcctric Savings Algorithms

Energy Savings .
AKWNh = BaselinekWh - EfficientkWh

Demand Savings
AKW = Baselinek W - EfficientkW

Where:
AkWh = Gross cusiomer annual kWh savings for the measure,
AkW = Gross customer summer load kW savings for the measure.
BaselinekWh =  The clectric kWh usage of baseline equipment or building,
EfficientkWh = The eleciric kWh usage of etficient cquipment or building.
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BaselinekW = The clectric kW usage of baselinc equipment or building.

LfficientkW

li

The electric kW usage of efficient equipment or building.

i'recridership/Spiliover
Until studics have been performed to determine the free ridership and spillover, the values are assumed to be zero.

Equipment Type Free Ridership Spillover
0% 0%

Custom Measure

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.
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Ill. Residential Retrofit Market (Non-Low
Income)

A. Space Heating End Use

1)Efficient Space Heating System

Unigue Measure Code(s): TBD

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

Measure Description
This measure applics o residential-sized high-efficiency gas furnaces and bailers replacing an existing and

functioning furnace or botler of lower efficiency.

Definition of Baseline Condition
The efficiency levels (AFUE) of existing and functioning gas-(ired lumnaces or boilers. I the manufacturer’s rated

AFUE is available use it in the savings calculations. I the manufacturer’s rated AFUE is not available, then
calcufate the existing heating system AFUE by multiplying the measured Stcady State Efficiency by the appropriate

multiplicrs in the following table:

Distribution Type System Type Default Multiplier
Air Forced Air 1.0
Gravily Feed 0.8
Freestanding leater 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: Butlding Performance Institute, Techinical Standards for the Flealing Professional, Revision 11/20/07, p.6.

Definition of Efficient Condition
The installed gas furnace or boiler must have an AFULR greater than the bascline condition.

Gas Savings Algorithms
MMBuu savings are realized due to the increase in AFUE of the new equipment, MMBtu savings vary by cquipment

type due to differences in madel-specific baseline AFUE and high cfficiency AFUE percentages. Savings are
calculated from the bascline existing unit to the installed efficient unit.

AFUE
Annual Gas Savings (MMBtc) = HeatinglUse X (1 - ———"‘")
AFUEz;;

Where:
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HeatingUse = Annual heating use (MM Btu/yr) from weather normalized usage analysis of customer
bilting data from pre-treatment period. See description below.
AFUE,.. = Efficiency of existing baseline equipment (Annual Fuel Utilization Efficicncy)
AFUEgy = Efficiency of new etficient equipment

Ieating Use weather normalization methods (HeatingUse):

Mecthod 1: Use a linear regression model of usc/day as a function of MDD63/day to estimate heating slope
(MMbu/HDID63) and bascload daily use (MM Buu/day) with an annual MDD63 of 4033" to calculate annual heating
load.

Method 2: Calculate baseload (MM Btu/day) as the third lowest MM Biu/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).

Elcctric Savings Algorithms

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

Encrgy Savings
AkWh =700 kWh

Demand Savings

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

Frecridership/Spillover
Until studics 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%

7 Heating degroe days arc calculated using base 63°F, which was sclected, based on variable-base degree day regressions of
billing data from CWP participants over the past several years, This value is higher than found for many non-low income
populations in simitar climates and likely reflects the low efficiency of the low income housing stock and also (he turgeting of
high users by CWI, The use of this MDD base climinates the necd lor the degree day correction factor found in some similar

caleulations that use HIDIDGS,

*Ihis vabue 0f 4033 HDDG3 is the average Tom NWS data for PHL for the years 2002 through 2009,
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Persistence
The persistence lactor is assumed to be one,

Measure Lifetimes

Equipment Type Mecasure Lifetime
Gas Furnaces 20
Gias Boilers 25

Source: Lifetime estimates used by Efficiency Vermont.

Water Savings
There are no waler savings for this measure.

2)Infiltration Reduction

Unigque Measure Code(s): TBD

Drafi date: 4/30/12
Effcctive dale:  TBD
End date: TBD

Mecasure Description
This involves decreasing (he amount of air exchange between the inside of the house or unit and the outdoors

without butfering {rom any adjacent unit(s) by scaling the sources of leaks, whilc maintaining minimum air
exchange for air quality.

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

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

Gas Savings Algorithms

HDD, x 24 x (CFMS0,,., — CFM50
Annual Gos Savings (MMBew) = :(21 5 x,E_FUE X 1,000 000) )

Where:
HDID; = Heating degree days at temperature t, where (=63°F if no programmable thermostat has
becn installed and (=62°F il a programmable thermostat has been installed. From NWS

data for PHL from 2002-2009, H>D63=4033 and HDD62 = 3820.
24

CFM50,,.= CIM50 of building shell leakage as measured by a blower door test before treatment.
CFM50,,¢ = CFM50 of building shell lcakage as measured by a blower door test after treatiment.

[

hours/day
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21.5=factor to convert CFM30 value to Btw/hrF heat loss rate, calculated trom hourly
infiltration modeling”

AFUE = rated AFUE of heating systenmy,  1f no rating is available then usc the method described in
the Efficient Space Heating System scction for caleulating the AFUE. The AFUE of
replacement equipment should be used if the heating system replacement precedes the air
scaling work,

Electric Savings Algorithms

If the type of air conditioning is known, then usc the appropriate algorithm below. If the type or existence of air-
conditioning is not known, then assume thal 83% have air-conditioning and estimate the cooling savings as 83% of'a
house with central air conditioning. '’

Reduced turnace fan or boiler circulator pump usage is also likely to occur and provide electricity savings during
both tie heating and cooling scasons,

Energy Savings
AkWh = AkWh,,,  AkWhe,,

AkWh,, = Annual Gas Savings {MMBtu) X Auxiliary

AkWheo =0 kWh if house has no air conditioning
= AkWheae if house has central air conditioning
= AkWhp,e if house has room air conditioning
= §3% x AkWhp, ¢ if no information about air conditioner

CDD x 24 x DUA x (CFMS50y,, — CFM50,,. )

(215 x SEERcyg X 1000555
CDD X 24 xDUA  Fygppac X (CFMS0,, — CFMS0,0,, )

(215 x FER gy x 1000535)

AkWheye =

AkWhpae =

Demand Savings

AkW =0 kW il house has no air conditioning
= AkWeac il house has central air conditioning
= AkWpae if house has room air conditioning

AkWhase
AkWeae =~ EFiH., =CFeac
(1+1+]
. AkWhg, e
AkW, =————xClpr
Rac EFLH:::Q!R&C RAC
Where:

AkWh = gross customer annual kWh savings for the measure,

? An hourly infiliration was calculated using a modified version of the LBL (ak.a. Sherman-Grimsrud) infiltration model with a
wind effect modification (EPRT RP 2034-40, Palmiter 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 1 0% thermal
regain from infiltration/exfiliratiom. The resudting value of 21.5 is consistent with statistical analyses ol empirical data using
CFM30 values and actual gas use and savings from CWP evaluations.

" Percentage of houses with air-conditioning from EIA Table ACI.xls for Middle Adantic region (PA, NY, NJ). From:
hitp:/fwww.gia doe. goviemetdrees/rees 2005/ 2005 _tables/detuiled_tables2005 htm!
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The default values for cach term are shown in the table below,

AKW =
Auxiliary

coD

DUA

SEERcac

“‘EHI.IE

CFeac
CFrac

EFLH gy

EFLHcootrAC

FRoom AC

gross customer summner load kW savings for the measure,

= Heating system auxifiary usage per MMBTU consumption (5.02 From
Vermont Technical Reference Manual)

= Cooling Degree Days (Degrees  * Days)HDD

= Discretionary Use Adjustment to account for the fact that people dao not
always operate their air conditioning system when the outside
temperature is greafer 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 available)

= Average Energy Efficiency Ratio of existing room air conditioner
{BtuWshr) (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 table below)

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

table below)

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

= Adjustment factor to relate insulated area to area served by Room AC

units

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
Nameplate Coentractor Data Gathering
ETRMC Variable Default = 9.8 20E Fe.deral Test 'Procedure 10 CFR 430, '
ppendix F {Used in ES Calculator for baseting)
Nameplate Contractor Data Gathering
CFeac Fixed 0.70 PUC Technical Reference Manual
' “State of Ohio Energy Efficiency Technical Reference Munual,” prepared for the Public Utilities Commission of Ohio by

Vermont Energy Investment Corporation. August 6, 2010,

June 4, 2015

Philadelphia Gas Works: EnergySensc




Term Type Value Source
CFrac Fixed 0.58 PUC Technical Reference Manual
Froom.ac Fixed 0.38 Calculated'
EFLH, CDD and HDD by City
EFLHco0 EFLHcoal A CDD (Base 65)"° | HDD (Base 65)'
City {Hours)" {Hours)"
Phitadelphia 1032 320 1235 4759

Freeridership/Spillover

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

Measure Free Ridership Spillover
Infiltration Reduction 0% 0%

Persistenrce

The persistence factor is assumed to be one.

Mecasure Lifetimes

Measure

Measure Lifctime

Infiltralion Reduction

20

Source: NYSERDA Home Perfermance with Energy Star,

Water Savings

There are no water savings for this measure.

3)Roof and Cavity Insulation

Unigue Measure Code(s): TBD
Drafl date: 4/30/12

Effective date:  TBD
Iind date: TBD

Measure Description

12 Jrom PECO bascline study, average home size = 2323 ¥, average number of room AC units per home = 2.1. Average Room
AC capacity = 10,000 Btult per ENERGY STAR Room AC Caleutator, which sceves 425 f? (average between 400 and 450 B2
for 10,000 BtuH unit per ENERGY STAR Room AC sizing chart). Fiomac = (425 1% * 2.19(2323 1) = 0,38

2 PA 2010 TRM Table 2-1.
" PA SWE lnterim Approved TRM Protocol — Residential Room AC Retirement

** Climatography of the United States No. 81, Monthly Station Normals of Temperature, Precipitation. and Heating and Coaling
Degree Days 1971-2000, 36 Penpsylvania. NOAA. htip:fedo.nede nona.goy/glimatenormals/clim8 /P Anorm. pdf

M hid.
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This involves increasing the insulation levels in either the attic or wails 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 {ts pre-treatment condition.

.

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

Gas Savings Algorithms

HDD, x 24 x AREA x (Vg =Yfp )
Ammual Gas Savings (MMBtu) = T ~Post
{AFUE x 1,000,000}
Where:
HDD, = Heating degree days at temperature (, where 1=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 = Netinsulated area in square feet. Estimated at 85% of gross arca for cavilics.
Rpe = R value of rooffcavity pre-treatment. Ry =5 unless there is existing insulation.
Ropew = Rvalue of roolf cavity after insulation is instalied,
AFUE = Rated AFUE of healing system,  If no rating is available then use the method

described in the Efficient Space leating System section for calculating the AFUE,
The AFUE of replacement equipment should be used if the healing system
replacement precedes the air sealing work.

Electric Savings Algorithins
If the type of air conditioning is known, then use the appropriate algorithin below. If the type or existence of air-
condilioning is not known, then assume that 83% have air-conditioning and estimatce 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 scasons.

Encrgy Savings
AKWh = AkWhpau, + AKWhega

AkWhy,, = Annual Gas Savings (MMBtu) x Auxiliary

AKWheou = 0 kWh if house has no air conditioning
= AkWhey~ il house has central air conditioning
= AkWhg, ~ if house has room air conditioning
= §3% % AkWheys o if no information about air conditioner

' From NWS dala for PHL from 2002-2009, HDD63=4033 and HDID6E2 = 3820
" percentage of houses with air-conditioning from EIA Table ACIxls for Middle Atlantic region (I’A NY. NJ). From:

httpz/fwww.cia,doc.goviemeu/rees/rees2005/he 2005 _tablesfdetailed_tables2005. himi
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hr
CDDx24 day *xDUA 1 1
AKWheae ——g *|AREA X{p—-p—
SEERy %1 UUUW pre Tipast
CDDx24 E,xnUAx Frasac L
EERpycx1 UOOLW Rore Rvn-'t

Demand Savings

AkW =0 kW if house has no air conditioning
= AkWe,e il house has central air conditioning
= AkWg,c il house has room air conditioning

A}.’Wh\_Ac
K -“r —_— -
AkWeae ~ B, %CFeac
. _ AkWhgae
AKW ~
TR R T
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)
coD = Cooling Degree Days (Degrees F * Days)HDD

DUA = 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.

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

EERp4: = Average Energy Efficiency Ralio of existing room air conditioner
{Btu/W-=hr) (See lable 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 Heoor = Equivalent Fulf Load Cooling hours for Central AC and ASHP (See
table below}

EFLH g0 rAC = Equivalent Full Load Cooling hours for Room AC (See table below)

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

units

The delault values for cach term are shown in the table below.,
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Default values for algorithm temms, 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

Nameplate Contractor Data Gathering
Variable Default =9.8 DOE Federal Test Procedure 10 CFR 430,
EERrac . . .
Appendix F {Used in ES Calculator for baseline)

Nameplate Contractor Data Gathering
CFcac Fixed 0.70 PUC Technical Reference Manual
CFrac Fixed 0.58 PUC Technical Reference Manual
Froomac Fixed 0.3'8 Calculated™

EFLH, CDD and HDD by City
| EFLHeom | 'EFLHeooirac CDD (Base'65)°° | HDD (Base 65)%*

City {(Hours)?' {Hours)*
Philadelphia 1032 320 1235 4759

Freeridership/Spillover
Until studics have been performed to determing the free 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,

Measure Lifetimes

Measure Measure Lifetime

" “State of Ohio Energy Efficiency Technical Relerence Manual,” prepared for the Public Utilities Commission of Ohio by
Vermont Energy [nvestment Corporation. August 6, 2010,

® From PECO bascline study, average home size = 2323 A%, average number of room AC units per home =2.1. Average Roon
AC capacity = 10,000 BuH per ENERGY STAR Room AC Caleulator, which serves 425 1% (average between 400 and 450 1V
for 10.000 Bt unit per ENERGY STAR Room AC sizing elant). Feoaac = (425 P2 * 2.1)/2323 1) = 0.38

2 PA 2010 TRM Table 2-1.

2 pA SWE Interim Approved TRM Protocol — Residential Room AC Retirement

 Climatography of the United States No. 81, Monthly Station Normals of Temperature, Precipitation, and Heating and Cooling
Degree Days 1971-2000, 36 Pennsylvania. NOAA. hitp:fedonede nosgovielimatenormals/clim8 1 /P Anorm.pdf

* ibid.
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Roof Insulation 40

Cavity Insulation 40
Source: NYSERDA Home Performance with Encrgy Star.

Walter Savings
There are no water savings for this measure.

4)Programmable Thermostat

Unique Measure Code(s): TBD

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

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

Definition of Bascline Condition
The bascline 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 weck.

Gas Savings Algorithms

DDy

Annual Gas Savings (MMBtu) = Heatinglise X (1 - /HDD,,) = HeatingUse x 0.053

= 1,93 MMBitu
Where:

Annual heating use {MMBuw/yr) from weather normalized vsage analysis of customer
billing data from pre-treatment period (see description under heating system
replacement). 1 thermostat measure is performed afier shell measures of insulation
or air scaling, then subtract the projected savings from those measures from the pre
retrofit heating use.

HeatingUse

HDDs; = 3820
The annual heating degree days based on 62°F, representing the estimated balance
point temperature of the home with the programmable thermostat.

DD, = 4033
The annual heating degree days based on 63°F, representing the estimated balance

point temperature of the home with the programmable thermostat.

An analysis of variable base degree day billing data from the CWP has found an average net reduction in balance
point temperature of about {.0°F for thermostat installations. Multiple impact evaluations have also found heating
savings averaging about 5%-6% [rom thermostat installations, These two findings are consistent with cach other and
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indicate an estimated average impact based on employing the approach from past CWP contractors o targeting
customers and selecting homes to receive thermostats and the savings opportunitics and compliance rates achieved.
The savings may nol be accurate when applied to different populations in different ways,

Elcetric Savings Algorithms

If the type of air conditioning is known, then use the appropriate algorithm below. I 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 clectricity savings during
both the heating and cooling scasons, but these auxiliary savings are not accounted {or in the following algorithms.

Where:

Energy Savings
AKWh = L\kWhAux 1 AkWh(:nu]

ARWhay, = Annual Gas Savings {MMBtu} X Auxiliary

AKWhe = 0 kWh if house has no air conditioning
= Al.cWhmc il house has ccmrz.al. ai:: conditioning
= 0 if house has room air conditioning
= 83% x AkWhg ¢ if no information about air conditioner

B 1 kWh
12.0007 0 X 1,000 Wh

EERcper X Effauce

AkWhepyo = CAPgpo X X EFLH x ESFCDOL

Demand Savings

AW =0 kW

AkWh = gross customer annual kWh savings for the measure.

AkW = pgross customer symmer load kW savings for the measure,

CAPcooL = capacity of the air conditioning unit in tons, based on nameplate

capacity (see table below)

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

Effguct = duct system efficiency (see table below)

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

EFLH = equivalent full load hours

25 Percentage of houses with air-conditioning from EIA Table AC1.xls lor Middle Atlantic region (PA, NY, NJ). From:
http:fiwww.cla.doe. goviemeu/rees/recs2005/hc2005_ables/detailed_tables2005.hunl
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Residential Electric HYAC Calculation Assumptions

- Component ' Type Value Sources
CAPcooL Variable Nameplate data Contractor Data
Gathering
Default; 3 tons 1
EERcooL Variable Nameplate data Contractor Data
Gathering
Default: Cooling = 10 SEER 2
Default: Heating = 1.0 (electric furnace COP)
Effuuc Fixed 0.8 3
ESFcooL Fixed 2% 4
EFLH Fixed Philadelphia Cooling = 1,032 Hours 5
Sources:

6. Average size of residential air conditioner.
7. Minimum Federal Standard for new Centrai Air Conditioners/Heat Pumps between 1990 and

2006.

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 studies bave been performed to determine the free 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 fo be one.

Measure Lifetimes

Equipment Type

Measure Lifetime

Programmabie Thermostal

15

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

Water Savings

There are no water savings for this measure.
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5)Duct Work Insulation

Unique Measure Code(s): TBD

Dratt date: 4/30/12
Eftective date:  TBRD
End date: TBD

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

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

Definition of Efficicnt 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

EFLH;‘,'“: (Hea tloss (Tlhbg_gg) — Heatloss (T'hl'ff))

Annual Gas Savings (MMBte) = Length x X
8 )= Length X o0 a6 AFUE x 1,000,000

Where:

Length =  Number of linear feet of duct work insulated

EFLIM,, = Equivalent {ull load heating hours =730
Thyee = Thickness of base condition insulation (inches)
Thyr = Thickness of efficient condition insulation (inches)
Heatloss(x) =  Heat luss through duct work as a function of insulation thickness x (Btu/ft /yr)
AFULE = Rated AFUE of heating systen.  1{ no rating is available then use the method

described in the Efficient Space [eating System section for caleulating the AFUE.
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.

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 74370

Junc 4, 2015

Philadelphia Gas Works: EnergySense



2.5 61,620
3 32,650
3.5 45,990
4 - 40,830

27

This table was calculated using the North American Insulation Manufacturers Association’s (NAIMA) 31 Plus 4.0
Insulation Thickness Computer Program. The following assumptions were used,

Item Description
Calculation Type
Geomelry Description
System Units

Bare Surface Emittance
Process Temperature

Ave. Ambient Temperature
Ave. Wind Speed

Relative Humidity

Dew Point

Condensation Control Thickness
Flours Per Year

Outer Jacket Matcrial
Outer Surface Emittance
[nsulation Layer |

Duct Horiz Dimension
Duct Vert Dimension

Electric b.lvmg,s Algorithms

bare duct

Fleat Loss Per Year Report
Steel Duct - Rectangular Horz.
ASTM C585

0.8

140 °F

41.8 op

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,

8 in,

No clectric savings are currently claumd for this measure.

Freeridership/Spillover

Until studics 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.

Mecasure Lifetimes
The measure life is assumed o 18 ycarsz"I

o Avc,r.q,t, winter temperature for Philadelphia from “Cost Savings and Comfort for Existing Buildings
Krigper, Satum Resource Management. Page 255,

25", 3rd Edition, by John

2 Low end 0l 2,000 - 2,500 winter heating load hours from Air-conditioning and Refrigeration Institute.
hitp:Awww.waterfurnece.ca/Engineer/Misc%20Relerences/AR1%20Cooling%%20& %20Healing%2 0Load %201 Hours%20Map.pdfl

2 NYSERDA Home Performance with Encrgy Star
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6)Heating Pipe Insulation

Unigue Measure Code(s): TBD

Drait 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 Bascline Condition
The baseline condition is the current insulation thickness on a space heating hot water 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 associated with it

Natural Gas Savings Algorithms

(H eatLoss (T hygee } — Hentloss(Thyy ))
AFUE x 1,000,000

Annual Gas Savings (MMBtu) = Length X Hpgg X

HDD » 24 4033 x 24

= = 1,640
Heat Dt 50
Where:
Length =  Number of lincar feel of heating pipe insulated
Hpgoe = Heating hours for a properly sized boiler. Used as an estimate of the hours in which

the space-healing pipe would be hotter than the ambient temperature and would
therefore experience heat loss.

Thee =  Thickness of base condition insulation (inches)
Thyr = Thickness of efficient condition insulation {inches)
Heatloss(x) =  Heat loss through pipe as a Tunclion of insulation thickness x (Buw/fi /hr)
AFUE = Raled AFULE of heating system. Il no rating is available then use the method

described in the Efficient Space lMeating System section for calculating the AFUE,
The AFUE of replacement equipment should be used if the heating system
replacement precedes the pipe insulation,
HDD = Base 63° F Heating Degree Days for Philadelphia = 4,033%
Dt = Design temperature difference (assume from 11° I to 70° F for properly sized
boiler)™ = 59° I

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

? BBased on NCDC ASOS temperature data for PHL from 2002 through 2009
M 11 degree design temperature source: 5 Edition Residential Energy, Cost Savings and Comlort for Existing Buildings. John
Krigger and Chris Dorsi, 2009, Saturn Resource Management, Appendix A-8, p. 280,
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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
0.5 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 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 used.

ltem Description
System Application
Dimensional Standard
Calculation Type
Process Temperature
Ambicent Temperature
Wwind Speed

Nominal Pipe Size
Bare Mctal

Bare Surface Emittance
Insulation Layer |
Outer Jacket Material

Outer Surface Emittance

ltem Duscription
System Application
Dimensional Standard
Calculation Type
Process Temperaturc
Ambient Temperatuie
Wind Speed

Nominal Pipe Size
Bare Metal

Bare Surface Emittance
Insulation Layer ]
Outer Jackel Material

Outer Surface Emittance
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stcam piping

Pipe - Horizontal

ASTM C 585 Rigid

lleat Loss Per [our Report
212

60

0

2

Copper

0.6

8507 Mineral Fiber PIPE, Type [, C547-11
All Service Jacket

0.9

hot water piping

Pipe - Horizontal

ASTM C 585 Rigid

Fleat Loss Per Hour Report
RO

60

0

0.75

Copper

0.6

Phenolie SHEET+TUBE, Type 11, C1126-11
All Service Jackel

0.9
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Eleetric 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 lactor is assumed to be one.

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

7)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 scaling ducts in a retrofit project and preventing
heated air from [eaking 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 Bascline Condition
The baseline condition is assumed to be a duct that has not been sealed.

Definition of Efficicnt Condition
The efficient condition is a duct that has been sealed to reduce outside leakage.

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

Natural Gas Savings Alporithms
Annual Gas Savings (MMBtu) = (CFMpre — CFMpost) x DSFgas
Where:
CFMpre = Reading from duct-blaster test at 25 pascals, betore sealing performed

CFMpost
DSFyas

Reading from duct-blaster test at 25 pascals, afler sealing performed

Duct sealing factor for gas systems, 0.035 MM Blus/CFM-25%

I NYSERDA Home Performance with Energy Star
 Bused on 3.5 MMBLug savings per 100 CFM reduction for duct scaling from UVCL&P Program Savings Documentation —

2011, page 131
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Electric Savings Algorithms
Electric savings per 100 CFM-25 reduction:™
= 110.0 kWh in heating fan savings
s I{a central air conditioner is present
o 1#5.9 kWh fromt cooling
e (1.23 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
- PN 4
Ihe measure life is assumed to 18 ycar:;3 .

8)High Efficiency Window

Unique Measure Code(s): TBD

Draft date: 7/29/13
Effective date:  TBD
End date: TRD

Measure Description
This invalves installing a window with a U-factor less than a bascline window.

Definition of Baseline Condition
The hascline is the minimum window required by code. 1ECC 2009 for Philadelphia requires a U-factor of 0.35 or

less,

Definition of Efficient Condition
An cfficient window is any window cxceeding Energy Star® requirenients for U-factor of 0.32 or less.

Gas Savings Algorithms

HDB, x 24 x AREA X (Upgey — Uepy)
(AFUE x 1,000.000)

Annual Gas Savings (MMBte) =

Where:
HDD, = Ieating degree days at temperature t, where t=63°F if no programmable thermostat
has been installed and 1=62°F if a programmable thermostat has been installed™.,
24 = Tlours per day
AREA = Square fcet of window arca.

W ULCL&D Program Savigns Documentation, 200 1, page 131
M California DEER estimage.
* From NWS data for PHI from 2002-2009, HDD63=4033 and HDD62 = 3820
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Upee = U-factor of new baseline window. Up,e= 0.35 based on IECC 2009.

Uy = U-factor of efficient window.

AFUE = Raled AFUE of heating systeni.  If no rating is available then use the method
described in the Efficient Space Fleating System section for caleulating the AFUE.
The AFUE of replacement equipment should be used if the heating sysiem
replacement precedes the air sealing work. Use default AFUE of 80% il actual AFUE
is not available.

Electric Savings Algorithms
H the type ol air conditioning is known, then use the appropriate algorithm below. 1 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 oceur and provide electricity savings during
both the heating and cooling seasons.

Energy Savings
AkWh = AkWh,, « AkWhe,,

AkWhy,,, = Annual Gas Savings (MMBtu) x Auxiliary

AKWhe = { kWh if house has no air conditioning
= AkWhe e i house has central air conditioning
= AkWhp ~ il housc has room air conditioning
= 83% x AkWhe e if no information about air conditioner

CDDx24 1 xDUA y oy
AkWhe s — 7 <|AREA x ( - )]
SEERCACxIOUUW Rpre Rpos
CDDx24 d%y DU A Frgom ac L
Ak“rhp‘AC W x [.‘Uffﬂ x ( -——)]
R
mmcx“](mﬁ RPTE post

Demand Savings

AkW =0 kW if'house has no air conditioning
= AkWepo if house has central air conditioning
= AkWp,e if house has room air conditioning

AkWheye

AkW = ———"%CFprpp

cac EFLH. 0

AkWhpae

AkW. = ——— XCFppc

rAC EFLHcoqirac
Where:

AkWh = gross customer annual kWh savings for the measure,

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

o Percentage of houses with air-conditioning from E1A Table AC!.x1s for Middle Atlantic region (PA, NY, NJ). From:
htp:frwww.ciaudoe.goviemew/rees/recs2005/he2005 _tables/detailed_tables2003.htm!
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Auxiliary = Healing system auxiliary usage per MMBTL 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

always operate their air conditioning system when the outside
temperature is greater than 65F.

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

are not available)

EERya: = Average Energy Efficiency Ratio of existing room air conditioner
(Btu/W=hr} (See table below for default values if actual values are not
available)

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

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

EFLH 0 = Equivalent Fulf Load Cooling hours for Central AC and ASHF (See
table below)

EFLH 001 rAC = Equivalent Full Load Cooling hours for Room AC (See table bé!ow)

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

Fﬁ'oom AC

The default values for cach 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 Default values: PUC Technical Reference Manual

Early Replacement = 10
Replace on Burnout = 13

Nameplate Contractor Data Gathering
EfRuc Variable Default = 9.8 EOE ngeral Test 'Procedure 10 CFR 430, '
ppendix 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
¥ “Sate of Ohio Energy Efficiency Teehnical Reference Manual,” prepared for the Public Utilities Commission of Ohio by

Vermont Energy Investment Corporation. August 6, 2010,
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Term Type Value Source
Froomac Fixed 0.38 Calcutated®
EFLH, CDD and HDD by City
EFLHcou EFLHcooirac | CDD (Base 65)'' | HDD (Base 65)"
City (Hours)* {Hours)*
Philadelphia 1032 320 1235 4759

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

Measure Free Ridership Spillover
Window 0% 0%
Persistence

The persislence factor is assumed to be one.

Measure Lifetime

Measure 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 dale: 4/30/12
Effective date:  TBD
Eud date: T3D

¥ From PECO bascline study, average home sive = 2323 1%, average number of room AC units per home =2.1. Average Room
AC cupacity = 10,000 BtuH per ENERGY STAR Room AC Caleulator, which serves 425 112 (average between 400 and 450 12
for 10,000 Btuli unit per ENERGY STAR Room AC sizing chart), Froamac = (425 % * 2.6)/(2323 15 =038

* PA 2010 TRM Table 2-1.

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

U Climatography of the United States No. &1, Monihly Station Normals of Temperature, Precipitation, and Heating and Cooling
Degree Days 1971-2000, 36 Pennsylvania. NOAA, hitp;/edo.nede noan govielimatenormals/elims /P Anorp, pdl

2 Ibid,
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Measure Description
This measure relates to the installation of a low flow showerhead in a home. This is a retrofit direct install measure.

Definition of Baseline Condition
The baseline is the Tow rate of the showerhead being replaced. If this is not available a baseline 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. Ifthis value

is not availabic it {s assumed (o be 1.5 GPM™,

Water Savings Algorithms
The water savings tor low flow showerheads are due 1o the reduced amount of water being used per shower.

GPMypce — GPM,
( base eff) X 2.48 x 11.6 x 365

AGallons = CPMpase
1.6
Where:
AGallons = Gallons of water saved
GPM,,,.. = Maximum gallons per minute of baseline showcerhead. Default =2.5
GPM if measured rate is not available™
GPM.y = Maximum gallons per minute of the efficient showerhead
2.48 = Avcrage number of people per houschold*
1.6 = Average gallons of water per person per day used for showering™
365 = Days pur year
1.6 = Average number of showers per home"

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

|aGalions x 8.3 x ¢, x (105 — 553} /1,000,000

AMMBEu = E
DHW
Where:
AMMBtu = MMBiu of saved natural gas
8.3 = Constant to convert gallons Lo pounds (lbs.)
¢y = Average specific heat of water at temperature range (1.00 Bu/lb-°F)
105 = Assumed temperature of water coming out of showerhead (degrees

* Pennsylvania Public Utility Commission Act 129 Technical Reference Manual (June 2011)
' The Energy Policy Act of 1992 established the maximum flow rate for showerheads at 2.5 gallons per minute (GPM)
3 Pennsylvania, Census of Population, 2000,
¥ Most commonly quoted value of gations of water used per person per day (including in U.S. Environmental Protection
Agency's “waler sense™ documents: htp:/www.epa.gov/walersense/docs/home_suppstat508.pdr)
Y7 Lstimate based on review of a number of sludies:
a)  Pacific Northwest Laboratory; "incrgy Savings from Encrgy-Efficient Showerheads: REMI? Case Swdy Results,
Proposed Evaluation Algorithm, and Program Design Tmplications”
hitp:/fwww.osti.gov/bridge/purl.cover jsp:jsessionid=80456 EFO0AARY4DB204 E84BBALGSF 1997 purl=/10185385-
CEkZMk/Mmative/
b)  East Bay Municipal Utility District; "Water Conscrvation Market Penctration Study”
hitp:/fwww.cbmud.com/sites/default/files/pdfs/market_penetration_study_0.pdf
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Fahrenheit)
55 = Assumed temperature of water entering house (degrees Fahrenheit)®
REpiw Recovery efliciency of the domestic hol water healer = 75%"

Electric Savings Algorithms
It is assumed (hat all low flow showerheads installed under PGW's ELIRP program arc installed in homes that heat
waler using natural gas. There are no additional electric savings claimed.

Frecridership/Spillover
Untif studies have been performed to determine the free ridership and spiflover, the values are assumed to be zero.

Persistence
The persistence lactor is assumed to be one,

Measure Lifetimes
- s - - ()
'he measure life ol a low flow showerhead is assumed to be 9 ycar55 .

2)Low Flow Faucet Aerators

Unigque Measure Code(s): TBD

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

Measure Description
This 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 faucct. 11 this is not available, it is generally assumed that a faucet will

already have a standard faucet aeralor using 2.2 GPM,

Definition of Efficient Condition
The effictent condition s a faucet aerator that has a flow rate lower than the baseline condition. If this valuc is not

available than the flow rate is assumed to be 1.5 GPM®,

Water Savings Algorithms
The water savings for low tlow faucet acrators are due to the reduced amount of water being used per minute that
Nows down the drain (instead of being collected in the sink).

(GPM&ME - GPﬂf,ff

CPMyons ) X 248 x 10.9 x 363 X 0%

35

AGallons =

¥ A good approximation of annual average water main temperature is the average annual ambient air temperature. Averige
water main temperature = 55% F based on: htip;//lwlnede.noaa.goviimg/docomentlibrary/clim8 Lsupp3fiempnormal_hires.jpg
¥ Review of AHRI Directory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%. The average of
existing units is estimated at 75% by the Northeast Energy Efficiency Parinerships’ Mid-Atlantic Technical Reference Manual
Version 1.1 {October 2010).

* Pennsylvania Public Utiliy Commission Act 129 Technical Reference Manual (June 2011)

3 Pennsylvania Public Utility Commission Aet 129 Technical Reference Manwal (June 2011)
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Where:
AGallons = Gallons of water saved
GPMya. = Gallons per minute of baseline showerhead =2.2 GMP*?
GPM, = (allons per minute of the efficient showerhead
2.48 = Average number of people per houschold™
10.9 = verage gallons per day used by faucet™
365 = Days per year
50% = Drain rate, the percentage of water Mowing down the drain®
35 = Average Number of Faucets per home™

Natural Gay Savings Algorithms
Gas energy savings resull from avoiding having to heat the saved water due to the efficient showerhead.

|AGalions % 8.3 x ¢, x 25] /1,000,000

AN =

AMMENr RE o

Where:
AMMB tu =  MMBu of saved natural gas
8.3 = Constant to convert gallons to pounds (Ibs.)
€, = Average specific heat of water at temperature range (1.00 B/1b-°F)
25 = The difference between the temperature of the waler entering the

housc and the temperature leaving the faucet (degrees Fahrenheit).”

RE i = Recovery ciliciency of the domestic hot water heater = 75%

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 to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
o P - . 54
'he measure life of a faucet acrator is assumed to be 12 years™

2 public Service Commission of Wisconsin Focus on Energy Evaluation Default Deemed Savings Review, Junc 2008,
hitp:/Awww. focusonenergy.com/files/Document_Management_Systen/Evaluationfacesdeemedsavingsreview_cvaluationteport.p
df
2 pannsylvania, Census of Population, 2000,
 Most commonly quoted value of gatlons of water used per person per day (including in U.S. Environmental Protection
Agency's “water sense” documents; hitp://www.epa.goviwalersense/docsthome_suppstat508.pdf)

Estimate consistent with Ontario Energy Board, "Measures and Assumptions for Demand Side
Management Planning."
% East Bay Municipal Utility District; "Water Conservation Market Penctration Study”
htip/fwww.chmud.com/fsites/defaunl/files/pdfs/market_penctration_study 0.pdf
37 Pennsylvania Public Utility Comumission Act 129 Technical Reference Manual {June 2011)
% Qe assumption for low flow shower heml,
» Pennsylvania Public Ulility Conimission Act 129 Technical Reference Manual (June 2011)
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3)Efficient Natural Gas Water Heater

Unique Measure Code(s): TBD

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

Measure Description
This measure relates 1o an efficient natural gas water heater.

Definition of Bascline 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, If 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 o the increase in efficiency factor (EF) of the new cquipment. MMBtu savings
vary by equipment type due to differences in mode! specific baseline EF and high efficiency EF percentages.
Savings are calculated {rom the baseline new unit Lo the installed efficient unit. The following formula for gas
savings is based on the DOE test procedure for water healters,

F—:— - ﬁ x 41,045 x 365
AMMBtu = = 2
1.000,000
Where:
EF e = Energy Factor of baseline water heater
EF = Energy Factor of cfficient water heater. If combi boiler use AFUL,
41,045 = Factor used in DOE test procedure algorithm
365 = Days in the ycar

Electric Savings Algorithms
It is assumed that all favcet aeraters installed under PGW's ELIRP program are installed in homes that heat water
using natural gas water. There arc no additional ¢lectric savings claimed.

Freeridership/Spillover
Until studies have been performed to deterntine the Tree ridership and spillover, the values are assumed to be zera,

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
o S . 6l
I'he measure life of a natural gas water heater is assumed to be 15 years™.

“ From Mass Save "Massachusetts Techinical Relerence Manual for Estimating Savings from Energy Efficiency Measures: 2011
Program Year — Plan Version,” Qctober 2010, Page 242.

" DRER values, updated Qctober 10, 2008

hitp:/Awww.decresources.comideer(91 [ planning/downioads/EUL_Summiacy 1 0-1-08.x1s
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4)Hot Water Heater Tank Temperature Turn-down

Unique Measure Code(s): TBD

Draft date: 4/30/12
Eflective date:  TBD
EEnd date: ™D

Measure Description
This measure refates to lowering the thermostat sctting on & natural gas hot water heater to 120" I, if the temperature

is set higher.

Definition of Baseline Condition
The baseline is the temperature setting 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
MMBu savings arise from lower temperature setting that reduces the standby heat losses required to maintain the
tanks temperature setting,

Area X (Tyose — Topr) 8,760

AMMBre Rorere X 1,000,000
REpyy
Where:
AMMB tu = MMBtu of saved gas per year
Area = Surface arca of hot water heater (1t%)
Tyass Original temperature inside the tank ("F) = Assume 135 °F il no other

information provided
Ters = New temperature inside the tank (°F) = Assume [20° I if no other
information provided
= Re-value of the hot water heater (h °F ¥/Bu) = 5.0%

Rpuw

8,760 = Number of hours in a ycar

RE by = Recovery efficiency of the domestic hot water heater = 75%
1,600,000 = Btuto MMBlu

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

5 Caleulated using the base conductive heat loss co-efficient and surfice ureas from: New York Standard Approach for
Estimaring Encrgy Savings from Energy Efficiency Pragrams (October 135, 2010}, Page 98

- i : d
Y See assumption for low flow showerhead.
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Total Annual
Water Heater Height Diameter Surface Savings
Size (Gal) (Inches)* (Inches)* Arca (ft) (MM Btu)
30 60 16 29.7 1.04
40 61 16.5 31.3 i.10
50 53 18 31.9 1.12
66 58 20 39.0 1.37
80 58 22 44.4 1.56

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

Electric Savings Algorithms
There are no ¢clectric savings associated with this measure,

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

Persisfence
The persistence factar is assumed to be one.

Mecasure Lifetimes »
The measure life of a natural gas water heater is assumed (o be 2 years™.

5)Repair Hot Water Leaks/Plumbing Repairs

Unique Measure Code(s): THD

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

Mecasure Description
This measurc relates to repairing any leaks [Tom hot water pipes.

Definition of Bascline 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.

Water Savings Algorithms
The water saved is the amount of water that is lost duc to the leak. The following table provides the decmed water

savings values for the most common types of leaks.

Leak Type Amount per Minute Gallons per Day

o Page 4160, Vermont Technical Reference Manual and New Jersey Clean Energy Program Prolocols
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Slow Steady Drip 100 drips 14.4*
Fast Drip 200 drips 28.8*
Smiall Stream | cup (8 N oz) 89.28

* A drip is assumed 1o be 0.0001 galions™

Natural Gas Savings Algorithms
Gas savings result from the avoided energy used to heat the waler wasted from the leak.

|8Gallons x 8.3 x ¢, x (220 ~ 55)] /1,000,000

AMMBtz =
REpuy
Where:
AMMB tu = MMBuw of saved natural gas
83 = Constant to convert gallons to pounds (1bs)
<y = Avecrage specific heat of waler at temperature range (1.00 Btw/Ib-°F)

120 = Assumed temperature of hot water as it feaves the water heater and
travels through the pipes.

55 Assumed temperature of water entering house {(degrees Fahrenheit)™

RE iy = Recovery efficiency of the domestic hot water heater = 75%"

The following table provides deemed pas 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
Fast Drip 0.87
Small Stream 1.35

Eleetric Savings Algorithms
It is assumed that all leaks repaired are for homes that heat water using natural gas water. 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 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 & smaller Jeak will persist longer than a larger and more noticeable leak and has adjusied the following
measure lifetimes to account {or this,

Leak Type Lifetime

% Figures provided to North Carolina’s Dare County Water Depariment by the North Carolina Rural Water Association:

hittp:/Awww. darene.comfwater/Othsts/Wirloss. htm (accessed June 23, 2011}
% A pood approximation of annual average water main temperature is the average annual ambient air temperature. Average
waler main temperature = 55° I based on: http//lwlnede.noaa gov/img/documentiibrary/clim8 1 supp3/iempnormal_hires,jpg

7 See assumption for low llow showerhead,
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Slow Steady Drip 12 weeks
Fast Drip 6 weeks
Small Stream 3 week

6)DHW Pipe Insulation

Unique Measure Code(s): TBD

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

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

Definition of Baseline Condition
The baseline condition is the current insulation thickness on the hot walter pipe.

Definition of Efficient Condition

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

If the diameter of the cold/hot feeds directly to/from the storage tank is 17 or less, a maximuim 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 caiculations under the program and should be installed in accordance with best practices.

For each 4 increase in diameter of the hot fecd direetly from the storage tank beyond 17, an additional 6' fength of
pipe insulation should be installed along the hot water supply piping only and the additional savings will be credited.

If a 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 should be insulated with [ 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 increment.

In the event that the above appears not o 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 water savings associated with il

Natural Gas Savings Algorithms

(Heatboss(Thyass) ~ Heatloss(Thegy))
Annual Gas Sevings (MMBtu) = Length X REpny X 1,000,000

Where:

Length = Number of linear feet of steam pipe insulated

* Recommendation based on method pioncered by Gary Klein expert on DHW based in California
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Thbusc =
Thy =
Heatloss(x) =

REpuw =

Recovery efficiency of the hot water heater = 75%
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Thickness of base condition insulation (inches)
Thickness of efficient condition insulation (inches)

Heat loss through hot water pipe as a {unction of insulation thickness x (Btu/f1 /yr)

o4

“lHeatl.oss(x)” can be found vsing the following lookup table.

Insulation Heat Loss
Thickness (inches) (Btu/ft/yr)
Bare 268,231
0.5 80,401
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 calculated using the North American Insulation Mapufacturers Association’s (NAIMA) 3 Plus 4.0

Insulation Thickness Computer Program. The {ollowing assumptions were used.

Hem Description
System Application
Dimensional Standard
Calculation Type
Process Temperalure
Ambicnt Temperalure =
Wind Speed =

Nominal Pipe Size
Bare Mcetal =

Bare Surface Cmittance
Insulation Layer | =
Outer Jacket Material =

Quter Surface Emitiance

Electric Savings Algorithms

dhw pipe insulation

Pipe - Horizontal

ASTM C 585 Rigid

Heat Loss Per Hour Report
120

60

0

0.75

Copper

0.6

Polystyrene PIPE, Type X11E, C578-11b
All Service Jacket

0.9

There are no electric savings associaled with this measure.

* Sce assumption for low fMow showerhead.
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Freeridership/Spillover
Until studics have been performed to determine the (ree ridership and spiffover, the values are assumed to be zero.

Persistence
The persislence factor is assumed to be one.

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

7)Hot Water Storage Tank Wrap

Unigue Measure Code(s): TBD

Drafi date: 4/30/12
Effective 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 {ollow BPI technical standards:

3

“Waler heater insulation wraps shall not cover the top of oil or gas systems, and shall not obstruct the pressure relicl
vitlve, thermostats, hi-limit switeh, plumbing pipes, or access plates. A minimum 2-inch elearance is required from the
access door for gas burners,

Water heater insulation wraps shall not be installed where Torbidden by the manufacturer’s instructions found on the
nameplate.™!

Definition of Bascline Condition
The bascline is the hol water heater tank without the insulating blankel.

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 to this measure.

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

_bl_—Rl ) X Avea X (Tigne = Tamp) X 1,367580'6
AMMBry = —28 €L
REp sy
Where:
AMMBry = MMBiuof saved gas per year
Rgr = R-value of the hot water heater with the insulating blanket (h °F
(t%/Btu)
Rpsse =  Original R-valuc of the hot water heater (h °F l'l"/Btu) =5.0" unless

" NYSERDA Home Performance with Energy Star
' Building Performance [nstitute, Ine. Technical Standards for the Heating Professional. Revised 11720007, Page 12,
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other information provided

Arca = Suzrf'acc area of the hot water heater covered by the insulating blanket
(1)
Tux = Temperature inside the tank (°F) = Assume 120 °F if no other
information provided
Toamb Temperature outside the tank (°F) = §5 °F"™
8,760 = Number ol hours in a ycar
REmy = Recovery efficiency of the domestic hot water heater = 759 AL
1,000,000 = Btuto MMBtu

The lollowing table provides assuned insulated surface arcas and corresponding deemed savings valucs for standard
tank insulation blankcst

Surface are R-10 R-19
Surface of Cylinder Wrap Wrap
Water Surface Area Arca of minus Annual Annual
Heater Size | Height | Diameter | of Cylinder Accessed Accessed Savings Savings
(Gal) (Inches)* | (Inches)* (f) Areas (ft)** | Areas (ft) (MMBtu) | (MMBtu)
30 60 16 20.9 0.4 20.5 1.6 2.3
40 6l 16.5 220 0.4 21.5 1.6 2.4
50 53 18 20.8 0.4 20.4 1.5 23
60 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 Standard Approach for Estimating Energy Savings from Energy Efficiency Programs
{October 15, 2010). Page 98
** Assuming square gecess 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 are no electric

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 is assumed to be 5 ycars?s.

™ Caleulated using the base conductive heat loss co-efficieat and surlice arcas from: New York Standard dpproack for
Extimating FEnergy Savings from Energy Efficiency Programs (October [5, 2010). Page 98

™ Assumed to be in unconditioned space, ambient lemperalure assumption based on:

htp:/hwlnede.noaa. gov/img/documentlibrary/climg L supp3/tempnormal_hires.jpg

™ See assumption for low flow showerhead.

¥ Northeast Energy Efficicncy Pactnerships, Mid-Attantic Teclmical Reference Meanudal (Fersion 1.1}, October 2000
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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
Effective date: TBD
End date: TBRD

Measure Description
This measure applics o residential-sized high-cfficiency pas furnaces and boilers replacing an existing and
functioning furnace or boiler of lower eificiency.

Definition of Baseline Condition

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

Distribution Type System Type Default Multiplicr
Air Forced Air 1.0
Gravity Feed 0.8
Freestanding Heater 0.95
Floor Furnace 0.9
Wall Furnace 0.85
Waler FForee Cireulation (high mass) 0.85
FForce Circulation (low mass) 0.9
Giravity Feed 0.85
Steam 0.75

Source: Building Performance Institute, Technical Standards for the Heating IProfessional, Revision [ 1/20/07, p.6.

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

Gas Savings Algorithms

MM Biu savings are realized due to the increase in AFUE of the new equipment. MM Biu savings vary by equipment
type due to differences in model-specific bascline AFUL and high cfficiency AFUL percentages. Savings are
calculated from the baseline existing unit (o the installed efficient unit.

AFUE
Annual Gas Savings (MMBtx) = HeatinglUse x |1 — 'ﬂ)
Where:
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Annual heating use {(MMBtw/yr) from weather normalized usage analysis of customer
billing data from pre-treatment period. Sce deseription below.

HeatinglUse

AFUE Efficiency of existing baseline cquipment {Annval Fuel Utilization Efficiency)

AFUEgy Efficiency of new cfTicient equipment

1l

Heating Use weather normalization methods (HeatingUse):

Mcthod 1: Use a lincar regression model of use/day as a function of IDD63™/day 1o estimate heating slope
(MMbtu/MDI63) and baseload daily use (MMBtu/day) with an annual HDIDG3 of 40337 to caleulate annua heating
load.

Method 2: Caleulate baseload (MMBtw/day) as the third lowest MM Btu/day bill for the analysis year. Then

calculate raw heating use as the sum of monthiy bitled use minus the — bascload * sum(montily bill elapsed days},
then calculate weather adjusted heating use as raw heating use * (4033/11DD63actual).

Electric Savings Algorithms

Electric encrgy savings result from efficient furnace fans (ECM) that may be included with efficient furnaces.
Electrical savings from fan motor ¢tficiency does not apply to boilers.

Encrgy Savings
AkWh =700 kWh

Demand Savings

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

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

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

™ Meating degree days are caleulaled using base 63°F which was selected based on variable-base degree day regressions of
billing data from CWP participants over the past several years, This value is higher than found for many non-low income
populations in similar climates and likely reflects the low efficiency of the low income housing stock and also the wargeting of
high users by CWP. The usc of this HDD base eliminates the need for the degree day correction factor found in some similar
calculations that use HIZD63.

T Piyis value of 4033 HDDSS is the average from NWS data for PHL for the years 2002 through 2009,

Junc 4, 2015
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Persistence
The persistence factor is assumed Lo be one.

Measure Lifetimes

Equipment Type Mecasure Lifetime
Gas Furnaces 20
Gas Boilers 25

Source: Lifetime estimates used by Efficiency Vermont.

Water Savings
There are no waler savings {or this mcasure,

2)Infiltration Reduction

Unigue Measure Codefs): TBD

Draft date: 4/13/11
Effective 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 unil(s) by sealing 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 opportunities {or infiltration reductions,

Definition of Efficient Condition

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

Gays Savings Algorithms

HDD; x 24 x (CFMS0y, — CFM50, o)

Annual Gas Savings (MMBte) =

Where:

(21.5 x AFUF x1,000,000)

MDD, = Heating degree days atl temperature 1, where (=63°F i no programmable thermostat las
been installed and 1=62°F if' a programmable thermostat has been installed. From NWS
data for PHL from 2002-2009, MDD63=4033 and HDD62 =3820.

24 = hours/day

CFM30,,,= CFMS50 of builtding shell leakage as measured by 2 blower door test before treaiment.
CIFM350,., = CFMS50 of buitding shell leakage as measured by a blower door test after treatment,
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21.5=factor to convert CFM50 value to Btw/hrF heat loss rate, calculated from hourly
infiltration modeting™

AFUE = rated AFUL of heating system. [ no rating is available then use the method described in
the Efficient Space [eating System section {or calculating the AFUE. The AFUE of
replacement equipment should be used if the heating system replacement precedes the air
scaling work.

Electric Savings Algorithms

If the type of air conditioning is known, then use the appropriate algorithm below. 1f the type or existence of air-

conditioning is not known, then assumec that 83% have air-conditioning and cstimate the cooling savings as 83% of a
. . e . 1]

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 scasons,

Encrgy Savings
AkWh = AkWhye + AkWheg

AkWhp = Annual Gas Savings MM Bru) x Auxiliary

AkWhey = 0 kWh if housc has no air conditioning
= AkWhg e if house has central air conditioning
= AkWhp,c il house has room air conditioning
= §3% x AkWheae if no information about air conditioner

CDD x 24 x DUA x (CFMS0y,, — CFM50,,, )

“1'
(215 x SEEReye X 1000357
CDD X 2¢ % DUA * Fyoomac X (CFM50p,, — CFM50,4)

(2155 x EERpec x 1000755

AkWheae =

Ak“rhm\_. =

Demand Savings

AkW =0 kW if house has no air conditioning
= AW 4o if house has central air conditioning
= AkWg, ¢ if house has room air conditioning

Ak Whee
AkWeac = o %CFeuc
. EFLHmnr
SkWhp o
ALW, =" y(F
RaC EFLHoqpac 0
Where:

AkWh= gross customer annual kWh savings lor the measure.

™ An hourly infiltrtieon was calewlated using a modificd version of the LIBL (ak.a. Sherman-Grinseud) infiliration model with a
wind effeet modification (EPRI RP 2034-40, Palmiter and Bond 1991) using Philadelphis 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 Irom infiltration/exiiltratiom. The resulting value ol 21.5 is consistent with statistical analyses of empirical data using
CFMS50 values and actual gas use and savings from CWI evaluations.

™ pereentage of houses with air-conditioning from EIA Table ACI.xlIs for Middle Atlantic region (PA, NY, NJ). From:
hitp:/fwww.cia.doe.goviemen/rees/rees2005/he2005 _tables/detuiled_tables2005 htind

Junc 4, 2015
*hiladetphia Gas Works: EncrgySensc



The default valucs for each term are shown in the table below.

AW =
Auxiliary

coD

DUA

SEERCAC

“'EHI'A:

CFeac

CFrac

EFLH oo

EFLHco0t rAC
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gross customer summer load kW savings lor the measure,
= Heating system auxiliary usage per MMBTU consumption (5.02 From

Vermont Technical Reference Manual)

= Cooling Degree Days (Degrees F " Days)HDD

= Discretionary Use Adjustment to accoumnt 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 defauit values ff actual values

are not available)

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

available)

= Jemand Coincidence Factor for central AC systems (See table befow)

= Demand Coincidence Factor for Room AC systems (See table 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 insulated area to area served by Room AC

units

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
Nameplate Contractor Data Gathering
EERenc Variable Default = 9.8 DCE Felderal Test lProcedure 10 CFR 430, ‘
Appendix F {Used in ES Calculator for baseline}
Nameplate Contractor Data Gathering
CFcac Fixed 0.70 PUC Technical Reference Manual

¥ eGtate ol Ohio Energy Efficicney Technical Reference Manual,™ prepared Tor the Public Ultilities Commission of Ohio by
Vermont Energy [nvestment Corporation. August 6, 2010
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Term Type Value Source
CFgac Fixed ) 0.58 PUC Technical Reference Manual
Froom.ac Fixed 0.38 Calculated®
EFLH, CDD and HDD by City
EFLH o4t EFLHcool RAG CDD (Base 65)* | HDD (Base 65)*
City (Hours)* | (Hours)® '
Philadeiphia 1032 320 1235 4759

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

Measure Free Ridership Spillover
Infiltration Reduction 0% 0%
Persistence

The persistence factor is assumed to be one,

Measure Lifctimes

Measure Measure Lifetime

Infiltration Reduction 20
Source: NYSERDA Home Performance with Encergy Star,

Water Savings
There are no waler savings for this measure.

3)Roof and Cavity Insulation

Unique Mcasure Code(s): TBD

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

Measure Description

* From PECO baseline study. average home size = 2323 02, average number of room AC units per home =2.1. Average Room
AC capacity = 10,000 BtuH per ENERGY STAR Room AC Caleulator, which serves 425 2 (average between 400 and 450 0
for 10,000 BtaH unit per ENERGY STAR Room AC sizing chart), Frommac = (425 2 * 2.1)/(2323 Yy = 0.38

2 PA 2010 TRM Table 2-1.

8 PA SWI Interim Approved TRM Protocol — Residential Room AC Retirement

¥ Climatography of the United States No. 81, Manthly Station Normals of Temperature, Precipitation, and Heating and Cooling
I?cgrcu Drys 1971-2000, 36 Pennsylvania. NOAA, hp:/fedonede.noan govielimatenormals/clim8 1/P Anorm.pd €

* Ibid.
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This involves increasing the insulation levels in cither the attic or walls which directly define the boundary between
the house or unit and the ouldoors.

Definition of Baseline Condition

The baseline is amount of insulation in the house in its pre-treatment condition,

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

Gas Savings Afgorithms

1
HDD, x 24 x AREA x ( Iz "'Rpm)
CAFUE x 1,000,000)

Annual Gas Savings (MMBhe) =

Where:
MDD, = Healing degree days at temperature t, where 1=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 = Netinsulated arca in square feel. Estimated at 85% of gross arca for cavilics.
Rpe = Rvalue of rooffcavity pre-treatment. Ry = 5 unless there is existing insutation.
Rua = Rvalue of rooff cavity afler insulation is installed.
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 AFULE.
The AFUE of replacement equipment should be used if the heating system
replacement precedes the air sealing work.

Electric Savings Algorithms
I the type of air conditioning is known, then use the appropriate algorithm below. If the type or exislence of air-
conditioning is not known, then agsume that 83% have air-conditioning and cstimate the cooling savings as 83% of a

house with central air conditioning,*

Reduced furmace fan or boiler circulator pump usage is also Jikely to occur and provide electricity savings during
both the heating and cooling scasons.

Encrgy Savings
AkWh = AkWh,\“x +AkWh('.‘m)l

AkWhiy,, = Annual Gas Savings (MM Btu} x Auxiliary

AW heoor = 0 kWh il house has ro air conditioning
= AkWhe, e i house has central air conditioning
= AkWhg s it house has room air conditioning
= 83% % AkWheye if no information about air conditioner

* From NWS data for PHL from 2002-2009, HDDE3=4033 and HDD62 = 3820
87 pereentuge of houses with air-conditioning from EIA Table AC1.x1s for Middle Atkanlic region (PA, NY. NI). From:
http:fiwww.eia.doe. goviemewrees/rees2005/c2005__tables/detailed_tables2005.himl
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CDDx24 —d%xDUA ! 1
AkWhe,e = [A.RE’A x( )]
SEERvAcxwoom, Ryre Roost
cDDx24 X - XDUAX Frasmac L
AcWhyye — = [.4}?5.4 X ( % )]
ERRACX,I UOOW pre Ppos

Demand Savings

AKW =0 kW if housc has no air conditioning
= AkWe e il house has central air conditioning
= AkWpxac il house has room air condilioning

- ALW}R.,AC
AkWege TRA., %Clpce
R G = 'ﬂk“‘hRA\,
akWaae EFLHomae A
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 = Coolfing Degree Days (Degrees F * Days)HDD

DUA = 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.

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

are not avalfable)

EERya: = Average Energy Efficiency Ratio of existing room air conditioner
(Btu/Whhr) (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)

EFLH o0 = Equivalent Full Load Cooling hours for Central AC and ASHR (See
table below)

EFLH o0 rAC = Equivalent Full Load Cooling hours for Room AC (See table below)

Froomac = Adjustment factor to relate insulated area to area served by Room AC

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

Term Type Value . Source
DUA Fixed 0.75 OH TRM®®
SEERGac Variable Default values: PUC Technical Reference Manual

Early Reptacement = 10
Replace on Burnout = 13

Nameplate Contractor Data Gathering

E—REL'A.E Variable Default =9.8 DOE Fe.deral Test lProcedure 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 Manuai
Froomac Fixed 0.38 Calculated™

EFLH, CDD and HDD by City
EFLHcool EFLHcooi RAC CDD {Base 65)* | HDD (Base 65)*

City {Hours)* {(Hours)™"
Philadelphia 1032 320 1235 4758

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

The persistence factor is assumed to be one.

Measure Lifetimes

Measure Measure Lifetime

8 “Srate of Ohio Bnergy Efficieney Technical Reference Manual,” prepared for the Public Utilitivs Commission of Qhio by
Vermont Energy Investment Corporation. August 6, 2010,

¥ From PECO bascline study, average home sive = 2323 1%, average number of room AC units per home = 2.1, Average Room
AC capacity = 10,000 BiuH per ENERGY STAR Room AC Caleulator, which serves 425 £ (average between 400 and 450 1
fior 10,000 BtuH unit per ENERGY STAR Room AC sizing chart}. Freemac = (425 12 * 2.17/(2323 1Y) =0.38

YPA 2000 TRM Tabie 2-1.

TP A SWI Interim Approved TRM Protocol — Residential Room AC Retirement

2 Climatography of the United States No. 81. Monthly Station Normals of Temperature, Precipitation, and Heating and Cooling
L?cgrcc Days 1971-2000, 36 Pennsylvania. NOAA. hup://edo nede.noaa.gov/climatenommals/clims 1/ Anorm.pd £

* Ibid.

June 4, 2015
Philadelphia Gas Works: EncrgySense



55

Roof [nsulation 40

Cavity Insulation 40
Source: NYSERDA Home Performance with Energy Star.

Water Savings
There are no water savings tor this measwre,

4)Programmable Thermostat

Unique Measure Code(s): T3D

Draft date: 4/13/11
[Effective date: TBD
Iind date: TBD

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

Definition of Baseline Condition
The baseline is & manual thermostat where cach 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 sctting at

different times of the day and week.

Gas Savings Algorithms

DD,
Annual Gas Savings (MMBtu)} = HeatingUse X (1 - GG/HDD“) = Heatinglise x 0,053
= 193 MMBtu

Where:

HeatingUse = Annual heating use (MMBtu/yr) from weather normalized usage analysis of customer
billing data from pre-treatment period (sce descriplion under heating system
replacement). |f thermostal measure is performed afier shell measures of insulation
or air sealing, then subtract the projected savings from those measures from the pre
retrofit heating use,

H [)D(]:l_ = 3820

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

HDDg: = 4033

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

An analysis of variable base degree day billing data from the CWI* 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 {indings are consistent with cach other and
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indicate an cstimaled average impact based on employing the approach {rom past CWP contractors to targeting
customers and selecting homes to receive thermostats and the savings opportunities and compliance rates achieved.
The savings may not be accurate when applied o different populations in dilferent ways.

Eleetric Savings Algorithms

If the type of air conditioning is known, then use the appropriate algorithm below, M 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
. . o . 0.}

house with central air conditioning.™

Redueed furnace lan or boiler circulator pump usage is afso likely to occur and provide clectricity savings during
both the heating and cooling seasons, but these auxiliary savings are not accounted for in the following algorithms.

Where:

Energy Savings
AkWh = AkWhJ\u.\ + AkWhCunl

AW, = Annual Gas Savings (MMBru) x Auxiliary

Ak Whepal = 0 kWh if house has no air conditioning
= AkWhes~ il house has central air conditioning
AC abair g
=0 il house has room air conditioning
= 83% x AkWheye if no information about air condilioner

Btu 1 kWh
12,0007 X 7,000 Wh

E'ERCDOL x Effduct

AkWheae = CAPppoy X X EFLH X ESFo0pz

Demand Savings

AkW =0 kw

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)

EERcoo1 = Seasonally averaged efficiency rating of the baseline unit . (see table
below)

Eff et = duct system efficiency (see table below)

ESFeoo. = energy savings faclor far cooling and heating, respectively (see lable
below)

EFLH = equivalent full load hours

™ pereentage of houses with air-conditioning [rom EIA Table ACLx1s for Middle Atlantic region (PA, NY, NI). From:
htp:/fwww.ciidoe. goviemew/recs/recs2005/he2005_1ables/detailed_tables2005. hitml
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Residential Electric HYAC Calculation Assumptions

Component Type Value Sources
CAPcooL Variabte Nameplate data Contractor Data
Gathering
Default; 3 tons 1
EERcooL Variable Mameplate data Contractor Data
Gathering
Default: Cooling = 10 SEER 2
Default: Heating = 1.0 (electric furnace COP)
Effaue Fixed 0.8 3
ESFcooL Fixed 2% 4
EFLH Fixed Philadelphia Cooling = 1,032 Hours 5
Sources:

11. Average size of residential air conditioner.

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

2006.

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

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

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

Freeridership/Spillover
Unti! studies have been performed o determine the tree ridership and spillover, the values are assumed to be zero.

Programmable Thermostat

Equipment Type Free Ridership Spillover
0% 0%

Persistence

The persistence factor is assumed to be one.

Measure Lifctimes

Equipment Type

Measure Lifetime

Programmable Thermostat

15

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

Water Savings

There are no water savings tor this measure.

Junec 4, 2015

Philadelphia Gas Works: EnergyScnse




58

5)Duct Work Insulation

Unique Measure Code(s): TBD

Draft date: T128/11
Effective date:  TBD
Iind date: TIRD

Measure Description

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

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

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

Water Savings Algorithms

This imeasure has no water savings associated with it

Natural Gas Savings Algorithms

Annual Gas Savings (MMBtu) = Length x

Where:

Length
EFLIyeq
Thpase

Thyy
HeatLoss(x)

AFUE

EFLH ppor (Heati.ass(rhm,)— HeatLass(Th,”))
— X
24 X 365 AFUE x 1,000,000

Number of linear feet of duct work insulated

Equivalent full load heating hours = 730 hours

Thickness of base condition insulation {inches)

Thickness of efficient condition insulation {inches)

Heal loss through duct work as a function of insulation thickness x (Btu/fl /yr)

Rated AFUIE of heating system. I no rating is available then use the method
described in the EfTicient Space Heating System scection 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 foliowing lookup table.

Insulation Heat Loss
Thickness {inches) (Btu/ft/yr)
Bare 1,120,000
0.25 339,500
0.5 205,300
0.75 190,700
I 128,300
1.5 93,970
2 74,370
2.5 61,620
3 52,650
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35 45,990
4 40,830

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

Item Description = bare duct
Calculation Type = Heat Loss Per Year Report
Geometry Description = Steel Duct - Rectangular Horz,
System Units = ASTM (C585
Bare Surface Emitlance = 0.8
Process Temperature = 140 °F
Ave. Ambient Temperature = 41.8 °F
Ave. Wind Speed = 0 mph
Relative Flumidity = N/A
Dew Point "= N/A
Condensation Control Thickness = N/A
Hours Per Year = 2000°°
Outer Jacket Material = Aluminum, oxidized, in service
Outer Surface Emittance = 0.1
Insulation Layer 1 = Ducl Wrap, 1.0 pound per cubic foot,
C1290,
Duct Horiz Dimension = 12 in.
Duct Vert Dimension = 8 in.

Electric Savings Algorithms
No eleetric savings are currently claimed for this measure.

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

Persistence
The persistence tactor is assumed 10 be one.

Measure Lifetimes
TRl [T 4
I'he measure life is assumed to 18 ycars”.

6)Heating Pipe Insulation

Unique Measure Code(s): TI3D
Drafi date: 7/28/11

" Average winter temperature for Philadelphia from “Cast Savings and Comfort for Ixisting Buildings”, 3rd Edition, by John
Krigger, Saturn Resource Management. Page 255,

% Low end of 2,000 - 2,500 winter heating load hours from Air-conditioning and Relrigeration Institute.

hpe/fwww. waterfumace.ca/Engineer/Misc%20References/ ARI%20Cooling%20& %20 cating%20Load %2 0Hours%20Map,pdf

" NYSERDA Home Performance with Encrgy Star
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Iiffective date:  TBD
End date: TBD

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

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

Befinition of Efficient Congdition
The efficient condition is any insulation thicker than that already on the pipe,

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

Natural Gas Savings Algorithms

(H eatloss (Thypoe ) — Hea tLoss(Thpﬁ ))

Annual Gas Savings (MMPBtu) = Length x Hpeor X
gs { ) 4 hear AFUE x 1,000,000
HDD x 24 4033 x 24
Hypeg= —p— = —g5—— = 1640
Where:
Length = Nuwmnber of lincar feet of heating pipe inselated
Hpear Ileating 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
therelore expericnee heat loss.
Thyse =  Thickness of base condition insulation (inches)
Ther = Thickness of efficient condition insulation (inches)

Teat logs through pipe as a function of insulation thickness x (13tw/ft /hr)

il

Heatloss{x)

AFUE = Rated AFUE of heating system. [T no rating is available then use the method
described in the Eflicient Space Heating System scction for calculating the AFUE.
The AFUE of replacement cquipment should be used it the heating system
replacement precedes the pipe insulation,
MDD =  Basc 63° F Heating Degree Days for Philadelphia = 4,033%
Dt = Design temperature difference (assume from 11° F ta 70° F for properly sized

boiler)” = 59°

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

Insul:ztion Steam Heat Loss | 1ot Water 1eat
Thickness (inches) (Btu/ft/hr) Loss (Btu/ft/hr)
Bare 201.4 72.12
0.5 47.75 15.24
1.0 31.15 1.2

" Based on NCDC ASOS temperature data for PEIL from 2002 through 2009
" 11 degree design temperature source: 5™ Edition Residential Encrgy, Cost Savings and Comfort for Existing 13uildings. Juhn
Krigger and Chris Dorsi, 2009, Saturn Resource Management, Appendix A-8, p. 280,
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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 i5.13 5.64
4.0 14.06 5.37
4.5 13.31 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 used.

item Description
System Application
Dimensional Standard
Calculation Type
Process Temperature
Ambient Temperature
Wind Speed

Nominal Pipe Size
Bare Metal

Bare Surface Emittance
Insulation Layer |
Outer Jacket Material
Ouier Surface Emittance

Item Description
System Application
Dimensional Standard
Calculation Type
Process Temperature
Ambicnt Temperature
Wind Speed

Nominal Pipe Size
Bare Metal

Barc Surface Emittance
Insulation Layur |
Quler Jacket Material
Outer Surface Emittance

Electrie Savings Algorithms

sleam piping

Pipe - Hoerizontal

ASTM C 585 Rigid

Heat Loss Per Four Report
212

60

0

2

Copper

0.6

850F Mineral Fiber PIPE, Type [, C547-11
All Service Jacket

0.9

hot water piping

Pipe - Horizontal

ASTM C 3585 Rigid

Ileat Loss Per Hour Report
180

60

0

0.75

Copper

0.6

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

0.9

There are no electric savings associated with this measure.
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Freeridership/Spillover
Until studies have been performed to determine the free ridership and spiflover, the values are agsumed to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes

The measure life is assumed to be 20 years'™.

7)Duct Work Sealing

Unique Measure Code(s): TRBD

Draft date: 4/30/2013
Effcctive 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 Lo verify savings, a duct-leakage test must be used to

caleulate a reduction in CFM-25 readings. .

Definition of Baseline Condition
The baseline condition 18 assumed to be a duct that has not been sealed.

Definition of Efficient Condition
The efficient condition is a duct that has been sealed to reduce outside leakape.

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

Natural Gas Savings Algorithms
Annual Gos Savings (MMBtu) = ((FMpre — CFMpost) x DSFgas
Where:
CFMpre = Reading from duct-blaster test at 25 pascals, before sealing performed

CFMpost
DSFgas

Reading from duct-blaster test at 25 pascals, afler sealing performed

)

Duct sealing factor for gas systems, 0.035 MM Blus/CFM-25™"

1

Electric Savings Algorithms
Electric savings per 100 CI'M-25 reduction:
e [10.0 kWh in heating fan savings
e [f'acentral air conditioner is present
o 1059 kWh from cooling
e 0.23 kW summer peak demand savings

102

"% NYSERDA Home Performance with Enerpy Star

! Based on 3.5 MMB1us savings per 100 CFM reduction for duct sealing from UVCL&P Program Savings Documentation —
2011, page 131

2 UNCL&P Program Savigns Documentation, 2011, page 131
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Freeridership/Spitlover
Until studies have been performed to determing the free ridership and spillover, the values are assumed 1o be zero.

Persistence
The persistence factor is assumed to be one,

Measure Lifetimes
o [P 03
I'he measure life is assumed to 18 ycarsI ®

8)High Efficiency Window

Unique Measure Code(s): TBD

Draft date: 7/29/13
Effective date;  “TBD
End date: TRD

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

Definition of Baseline Condition
The bascline is the minimuwm window required by code. [ECC 2009 for Philadelphia requires a U-factor o1 0.35 or

less.,

Definition of Efticient 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 (Usasy — Usps)
(AFUE x 1,000,000)

Annual Gas Savings (MMBtu) =

Where:
MDD, = Heating degree days at temperaturce i, where 1=03°F if no programmable thermostat
has been installed and t=62°F if a programmable (hermostat has been installed'™.

24 = [lours per day

AREA = Square leet of window area.

Upwe = U-factor of new baseline window. Uy, = 0.35 based on IECC 2009,

Ug = U-factor of elficient window.

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

described in the Efficient Space Meating System section tor calculating the AFUE.
The AFUE of replacement equipment should be used il the heating system
replacement precedes the air sealing work. Use default AFUE of 80% if actual AFUE
is not available.

9% California DEER estimage.
"™ Prom NWS data for PHL from 2002.2009, HDD63=4033 and HI3D62 = 1820
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Electric Savings Algorithms
If the type of air conditioning is known, then use the appropriate algorithin below. IT 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

. « I . 0
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 scasons.

AkWie

Where:

Energy Savings
AkWh = AkWhya, + AkWheoe

AkWh,,.. = Annxal Gas Savings (MMBtu) x Auxiliary

AkWhiya = 0 kWh if house has no air conditioning
= AkWhe,~ if house has central air conditioning
= AkWhg, ~ if house has room air conditioning
= §3% »x AkWheye il no information about air conditioner

CDDx24 ——=DUA
day 1 1
: rx|AREA x| 27—

AkWh
‘heac SEER, %1000 pre Rpmr
yis k k4
hr
CDDx24 dav *DUAX Frgom 1 1
AkWh - x |AREA x( --——)J
RAC ._“_'r._ Rpre Rpmr

EERpac*100055

Demand Savings

AKW =0 kW i{ housc has no air conditioning
= AkWe,ac if house has central air conditioning
= AkWp, o if house has room air conditioning

_ AkWheye
EFLH:MI
AkWhg o

E ————— KC ~
EFLH oy O AC

=*CFeac

AkWh = gross customer annual kWh savings for the measure.
AkW = gross customer summer foad kW savings (or the measure.
Auxiliary = Heating system auxiliary usage per MMBTU consumption {5.02 From

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

DUA = 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.

195 percentage of houses with air-conditioning from BIA Table AC1Lx)s for Middle Atlantic region (PA. NY, NJ), From;
hitp:/Awww.ciasdoc. gov/emen/rees/rees2005/Me2005_tables/detailed_tables2005.himl
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SEERcac = Seasonal Energy Efficiency Ratio of existing home central air
conditioner (Btu/W-hr) (See table below for default values if actual values

are not avaifable)

= Average Energy Efficiency Ratio of existing room air conditioner

mxu:
{Btu/W-hr) (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)
EFLH o = Equivalent Full Load Cooling hours for Central AC and ASHP (See
table below) '
EFLM ooirAC = Equivalent Fuli Load Cooling hours for Room AC (See table below)
Froom ac = Adjustment factor to relate insulated area 10 area served by Room AC

units

The default values lor each term are shown in the lable below.

Defauit values for algorithm terms, CeilingfAttic and Wall Insulation

Term Type Value Source
DUA Fixed 0.75 OH TRM'%®
SEERecac Variable Default values: PUC Technical Reference Manual

Early Replacement = 10
Replace on Burnout = 13

Nameplate Contractor Data Gathering
ElRpnc Variable Default =9.8 DOE ngeral Test ‘Procedure 10 CFR 430, .
Appendix F {Used in ES Calculator for baseline)
Nameplate Contractor Data Gathering
CFcac Fixed 0.70 PUC Technical Reference Manual
CFrac Fixed 0.58 PUC Technical Reference Manual
FraomAc Fixed 0.38 Calculated'”’

19 “Siate of Ohio Energy Efficiency Technical Reference Manual.” prepared lor the Public Utilities Commission of Ohio by
Vermont Energy Investment Corporation. August 6, 2010.

7 From PECO bascline study, average home size = 2323 112, average number of room AC units per home = 2,1, Average Room
AC capacity = 10,000 B3tuli per ENERGY STAR Room AC Calculator, which serves 425 N2 {average hetween 400 and 450 (2
for 10,000 Bt unit per ENERGY STAR Room AC sizing chart). Froamac = (425 A% *2.042323 14 =038
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EFLH, CDD and HDD by City
EFLHcoo! EFLHcoo 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 (o be zero,

Measure Free Ridership Spillover
Window 0% 0%
Persistence

The persistence facior is assumed fo be one,

Measure Lifetime

Measure Measure Lifetime

Window 30
Source: NREL Mueasure Database.

Water Savings
There are no water savings for this measure.

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

Unique Measure Code(s): TBD

Draft date: 6/8/11
Effective date: TBD
End date: TBD

Measure Desceription
This measure relates to the installation of a low flow showerhead in a home. This is a retrofit direct install measure.

Definition of Baseline Condition
The baseline s the flow rate of the showerhead being replaced. 1 this is not available a baseline value of 2.5 GPM

will be used.

" PA 2010 TRM Table 2-1.
9 pA SWI Interim Approved TRM Protocol — Residential Room AC Retirement
" Climatography of the United States No. 81. Monthly Station Normals of Temperature, Precipitation, and Heating and Cooling
Fl!lcgruc Days 1971-2000, 36 Pennsylvanin. NOAA. hitp://edo.nede.ngga.goviclimatenormals/clim8 I/P Anorm.pdf
Thid.
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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. If this value

is not available it is assumed to be 1.5 GPM''2,

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

(GP'M;,M, - GPM,H) X 248 X 11,6 x 365

B GPMposr
AGallong = 16
Where:

AGallons = (allons of water saved

GPMpase = Maximum gallons per minute of baseline showerhead. Default = 2.5

GPM if measured rate is not available'?

GPM, i = Maximum gallons per minute of the efficient showerhead

2.48 = Average number of people per houschokd'™

1.6 = 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
Gias energy savings result from avoiding having to heat the saved water duc to the efficient showerhead.

|AGallons x 8.3 x ¢, % (105 — 55)] /1,000,000

AMMBte =
REpyw
Where:
AMMBtu = MMBtu of saved natural gas
83 = Constant {u convert gallons to pounds (lbs)
<, = Average specilic heal of water at lemperature range {1.00 Buw/1b-°F)
105 = Assumed lemperature of water coming out of showerhead (degrees
Fahrenheit)
55 = Assumed temperature of water entering house (degrees Fahrenheit)'”
RE D = Recovery efficiency of the domeslic hot water heater = 75%11%

"2 pennsylvania Public Utility Commission Aet 129 Technical Reference Manual (June 2011)
" The Bnergy Policy Act of 1992 established the maximum flow rate for showerheads at 2.5 gallons per minute (GPM)
'™ pennsylvania, Census of Population. 2000.
"5 Most commonly quoted value of gattons of water used per person per day (including in ULS. Environmental Protection
Agency's "water sense” documents; hitp:/fwww epa.goviwatersense/docs/home_suppstat508.pdf)
"% [stimate based on review of & number of studics:
¢)  Pacific Northwest Laboratory; "Energy Savings [rom Energy-Efficient Showerheads: REMIP Case Swody Results,
Proposed Cvaluation Algorithin, and Program Design bmplications”
http:/Awvww.osti.gov/bridge/purl.cover, jspijsessionid=80456EF00AABI4 D1B204E848BA L65F 199?purl=/10185385-
CEkZMk/native/ ]
d)  East Bay Municipal Utility District; "Water Conservation Markel Penctration Study”
hup:iwww.chmud.comisites/delault/files/pd fsfmarket_penctration_study_0.pdfl

17 A good approximation of annual average wiler main temperature is the average annuzl ambient air emperature, Average
wiler main femperature = 55 F bused on: hip://iwlnede.nosa.gov/img/documentibrary/chim& Tsupp3/tempnormal_hires,jpg
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Electric Savings Algorithms
It is assumed thai all low flow showerheads installed under PGW’s ELIRP program are installed in homes that heat
walter using natural gas. There are no additional electric savings claimed.

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

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes ,
. . . n
I'ne measure life of a low low showerhcad is assumed to be 9 years' .

10) Low Flow Faucet Aerators

Unique Measure Code(s): T1312

Draft date: 6/8711
Effective date: TBD
End date: TRD

Measure Description
This measure relates to the installation of a low flow faucel acrator in either a kiichen or bathroom.

Definition of Baseline Condition
The baseline is the flow rate of the existing faucet. {1 this is nat available, it is generally assumed that a faucet will

already have a standard faucet acrator using 2.2 GPM.

Definition of Efficicnt Condition
The efficient condition is & faucet acrator that has a flow rate lower than the baseline condition. If this value is not

. . ol
available than the flow rate is assumed to be 1.5 GPM',

Water Savings Algorithms
The water savings for low ow 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).

GPMypeq ~ GPM
( base 'ff) X 248 x 10.0 x 365 X 50%%

GPM,
AGallons = ase
35
Where:
AGallons = (allons of water saved
GPM,,,. = Gallons per minute of baseline showerhead =2.2 GMp!!
GPMy = Gallons per minue of the efficient showerhead

¥ Review of AHRI Dircciory suggests range of recovery efficiency ratings for new Gas DHW units of 70-87%. The average of
cxisting wnits is estimated at 75% by the Northeast Energy Efficiency Partnerships” Mid-Atlantic Techaical Relference Manual
Version |1 (October 2010).

" pennsylvania Public Utility Commission Aet 129 Technicul Reference Manual (June 2011)

20 pennsylvania Public Utility Commission Act 129 Technical Reference Manual (June 2011)

21 public Service Commission of Wisconsin Focus on Energy Bvaluation Default Deemed Savings Review, June 2008,
htp:/fwww. focusonenergy.com/files/Document_Management_Systenv/Evaluation/acesdeemedsavingsreview_cvaluationreport.p
df
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248 = Average number of people per household'*

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 efficient showerhead.

[4Gatlons x 8.3 x¢p » 25{ /1,000,000

AMMBte =

REpuyy
Where:
AMMB tu = MMBtu of saved natural gas
83 = Constant to convert gallons to pounds (1bs)
Cp = Average specilic heat ol waler at temperature range (1.00 Bi/lb-°F)
25 = The difference between the temperature of the water enlering the
house and the temperature leaving the faucet {degrees Fahrenheit).'
RE i = Recovery efficiency of the domestic hot water heater = 750,137

»

Electric Savings Algorithms
[1is assumed that all faucel 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 free ridership and spillover, the values are assumed to be zero.

Persistence
The persistence (actor is assumed Lo be one,

Measure Lifetimes
. . - . . 128
I'he measure life of a faucet acrator is assumed (o be 12 years ™.

11) Efficient Natural Gas Water Heater

Unique Measure Code(s): TBD

Drafl date: 621711
LEffective date: TRD
End date; TBD

Measure Description

'22 penngylvania, Census of Population, 2000.

2 Most commonly quoted value of gallons of water used per person per day (including in U.S. Environmental Protection
A {g,uncy’s “waler sense” documents; htip//www.cpa.gov/watersense/doesthome_suppstat508.pd()

13 [Zgtimate consistent with Ontariv Energy Board, "Measures and Assumptions for Demand Side

Management Planning.”

12% fiast Bay Municipal Utility District; "Water Conservation Market Penetration Study”

htip://www.ebmud . convsitesidelfault/ files/pdfs/market_penctration_study_0.pdf

12 penngylvania Public Utility Commission Aet 129 Technical Reference Matwal (Junc 2011)

' Ser assumption for low Mlow shower head.

"2 pennsylvania Public Utility Commission Aet 129 Technical Relerence Manual (Junc 2011)
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This measure relates to an efficient natural gas water heater.

Definition of Bascline Condition
The baseline is the energy factor (EF) of the existing water healer. If possible, the EF of the existing water heater

should be used. 1f the EF of the existing water heater is unknown, 0,575 should be used'™.

Definition of Efficient Condition
The efficient condilion is a natural gas water heater that is more energy cfficient than the existing water heater.

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

Natural Gas Savings Algorithms

MMBtu savings are realized duc to the increase in efficiency factor {iF) of the new equipment. MMBitu savings
vary by equipment type due (o differences in model specific bascline EF and high efficiency EF percentages.
Savings arc calculated from the baseline new unit to the installed efficient unil. The following formula for gas
savings is based on the DO test procedure for water heaters,

(f= - 77— ) x 41,045 x 365
AMMBre = —resse Ehepy
‘ 1,000,000

Where:
EF e = Energy Factor of bascline water heater
EF.y = Encrgy Factor of efficient water heater. 1 combi boiler use AFUE.
41,045 = Jactor usedl in DOE test procedure algorithm
365 = Days i the year

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

Freeridership/Spillover
Until studies have been performed 1o 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 life of a natural gas water heater is assumed to be 15 years™.

12) Hot Water Heater Tank Temperature Turn-down

Unigue Measure Code(s): TBD
Draft date: 6/21/11

1 Fram Mass Save “Massachusetts Technical Reference Manual for Estimating Sivings from Energy Efficiency Measures:
2011 Program Year — Plan Version.” October 2010. Page 242,

" DEER values, updated Octaber 10, 2008

hitp/iwww.deeresources.com/deer09 1 I planning/downloads/EUL_Summary_10-1-08.x1s
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Effective date:  TBD
End date: TBD

Measure Description
This measure relates to lowering the thermostat setting on a natural gas hot water heater to 120° F, il the femperature
is set higher,

Definition of Baseline Condition
The bascline is the temperature setting 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 1o maintain the

tanks temperalure setting.

Area X (Tynse — Torr) 8,760

)4
AMMBre = Rowe 1,000,000
REpuw
Where:
AMMB tu = MMBu of saved gas per year
Area = Surface area of hot water heater (ft%)
Taase = Qriginal temperature inside the tank (°F) = Assume 135 °F if no other
information provided
Torf = New temperature inside the tank ("F) = Assume 120° F if no other
information provided
Rouw = R-value of the hot water heater (h °F fi%/B) = 5,0
8,760 = Number of hours in a year
REpy = Recovery cificiency of the domestic hot water heater = 75%'%
1,000,000 = Btuto MMBtu

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 Heighe Diameter Surface Savings
Size (Gal) (Inches)* (Inches)* Area (fth) (MMB)
30 60 16 29.9 1.04
40 61 6.5 313 110
50 53 I8 31.9 112
66 58 20 39.0 1.37
80 58 22 44.4 1.56

1 Caleulated using the base conductive heat loss co-efficient and surface arcas from: New York Standeard Approach for
Extimating Encrgy Savings from Energy Efficiency Programs (October 15, 2010). Page 98

3 . -
2 goe agsumption for low flow showerhead,
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* From New York Stundard Approach for Estimating Energy Savings from Energy Efficiency Programs (October
15, 2010). Page 98

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 persislence factor is assumed to be one.

Measure Lifetimes

o i . . 133
Ihe measure life of a natural gas water heater is assumed to be 2 years ™.

13)  Repair Hot Water Leaks/Plumbing Repairs

Unique Measure Code(s): TBD

Drafl date: /8711
Effective date:  TBD
End date: TBD

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

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

Definition of Efficicnt Condition
The efficient condition is no hot water icaking from the hot water pipe.

Water Savings Algorithms
The water saved is the amount of water that is lost due Lo 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%
Fast Drip 200 drips 28.8*
Small Stream 1 cup (8 fl oz) 49.28

* A drip is assumed to be 0.0001 gallons™

Natural Gas Savings Algorithms
Cias savings resull from the avoided encrgy used to heal the water wasted from the leak,

133 Page 410. Vermom Technical Reference Manual and New Jersey Clean Energy Program Protocols
1M Figures provided to North Carolina’s Dare County Water Department by the North Carolina Rural Water Agsociation:
hutp/Awww darenc.comywater/Othsts/\WirLoss.bim (accessed June 23, 2011)
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[aGalions x 8.3 x ¢, x (120 — 55}] /1,000,000

AMMEBte =
REpyy
Where:
AMMB tu =  MMDBtu of saved natural gas
8.3 = Constant to convert gallons to pounds (Ibs)
<y = Average specific heat of water al temperature range (1.00 Btw/[b-°F)
120 = Assumed temperature of hot water as it [eaves the water heater and
travels through the pipes.
55 = Assumed temperature of water entering house (degrees Fahrenheit)'™
RE oy © = Recovery efficiency of the domestic hot water heater = 7591

The following table provides deemed 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
Fast Drip 0.87
Small Stream 1.35

Electric Savings Algorithms
It is assumed that all leaks repaired are for homes that heat waler using natural gas water. 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 1o be zero.

Persistence
The persistence faclor is assumed to be one.

Measure Liletimes

The savings for repairing hot water leaks persist as long as the leak would not have otherwise been fixed. PGW
agsumes that a smaller leak will persist longer than a larger and more noticeable leak and has adjusted the following
measure lilelimes to account tor this.

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

14) DHW Pipe Insulation .

Unique Measure Code(s): TIBD
Drafi date: 7/28/11

1% A good approximation of annual average water main temperature is the average annual ambient air temperature, Average
wilter main temperature = 55° ¥ based on: http://iwl.ncde.noaa.gov/img/documentlibrary/clim& | supp3/iempnormal_hires.jpg
136 e assumption for low Now showerhcad.
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Effective date:  TBD
End date: TBD

Measure Deseription
This measure relates to installing insulation on hot waler pipes.

Definition of Baseline Condition
The baseline condition is the current insutation thickness on the hot water pipe.

Definition of Efficient Condition
The ¢fficient condition is any insulation thicker than that already on the hot water pipe.

If the diameter of the cold/hot feeds directly to/irom the storage tank is [ or [ess, 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 instatled in accordance with best practices.

For cach 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.

If a DHW recirculating sysiem is present, all hot water supply and return piping accessible without demolition

should be insulated and the additional savings will be credited.

In

The thickness of the DHW pipe insulation should be equivalent to the diameter of the piping. For example, a
137

diameter pipe should be insulated with 17 thick insulation; a 2-1/2” diameter pipe with 2-1/2” thick insulation.

[f the hot water piping diameter is in other than a %" increment, the dimension should be rounded to the next
protocol increment.

In the event that the above appears not to cover the specific DHW piping circumstance, suitable pictures and
descriptions should be sent to PGW or their implementation contracior for judgment.

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

(H eatLoss(Thyyg ) — H eatLos-s[Th,ﬁ ))

Annual Gas Savings (MMBte) = Length X
gs @ ) 8 REpyy X 1,000,000
Where:
Length = Numtber of linear leet of steam pipe insulated
Thyse = Thickness of base condition insulation (inches)
Thyy = Thickness of efficient condition insulation (inches)
[eatloss(x) = Ieal loss through hot water pipe as a tunction of insulation thickness x (Btu/{t /yr)
REpw = Recovery efficiency of the hot water heater = 75% AR

“Meatloss(x)” can be found using the following lookup lable.

1 . . . . T .
17 Recommendation based on methad pianeered by Gary Klein expert on DHW based iy California
W .

1™ Sca assumption for low flow showerhead.
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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
1.0 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) 31 Plus 4.0
Insulation Tlickness Computer Program. The following assumptions were used.

ltem Description = dhw pipe insulation
System Application = Pipe - Horizonial
Dimensional Standard = ASTM C 585 Rigid
Calculation Type =  Heat Loss Per Hour Report
Process Temperature = 120
Ambient Temperature = 60
Wind Speed = 0
Nominal Pipe Size = 0.75
Bare Metal = Copper
Bare Surface Emiltance = 0.6
Insulation Layer | = Polystyrene PIPE, Type X111, C578-11b
Quter Jacket Material =  All Service Jacket
Quter Surface Emittance = 0.9

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 s assumed to be one,

Measure Lifetimes
2} o 29
The measure life is assumed to be 20 years ™.

¥ NYSERDA Home Performance with Energy Star
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Mecasure Cost
‘The measure cost is the actual cost of installing the insulation, both materials and labor.

0&M Cost Adjustments
It is assumed that there are no O&M cost ditferences between the efficient and baseline equipment.

15) Hot Water Storage Tank Wrap

Unique Measure Code(s): TBD

Drafl date: 6/8/11
Effective date:  TBD
End date: TBD

Mecasure 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 top of oil or gas systems, and shall not obstruet the pressure reliel
valve, thermostats, hi-limit switch, plumbing pipes. or access plates, A minimum 2-inch clearance is required from the
access door for gas burners.

ater heater insulatior s shall not be installe ere forbidde anufacturer’s instructions found on the

Walter heater insulation wraps shall not be installed where forbidden by the manufacturer's instructions found on th
ol

nameplate.”*

Definition of Baseline Condition
The baseline is the hot water heater tank without the insulating blanket,

Definition of Efficient Condition
The eflicient condition is the hot water healer tank with the insulating blanket.

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

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

1 1 8 760
vase _ Fefg ) x Avea X (Tranic = Tamd) X 700,000
AMMBtu =
REp yu
Where:
AMMBty = MMDBto ol saved gas per year
Ry = R-valuc of the hot water heater with the insulating blanket (h °F
%/Btu)
Rpwe = Original Revalue of the hot water heater (h °F 13/B3t) = 5.0"" unless
other inforination provided
Arca = Surface arca ol the hot water heater covered by the insulating blanket

M ilding Performance Institule, Ing, Technical Stemdeards for the Heating Professional. Revised 11/20/07, Page 12,
M Caleulated using the base conductive heat loss co-clficient and surface arcas [rom: New Yok Standard Approuch for
Estimating Encrgy Savings from Enevgy Efficiency Programs (Oclober 15, 2010), Page 98
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Temperature inside the tank (°F) = Assume 120 °F if no other
information provided

Temperature outside the tank (°F) = 55 °F'™
Number of hours in a year
Recovery cfficiency of the domestic hot water heater = 75%

Btu to MMBtu

143

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

Surface are R-10 R-19
Surface of Cylinder Wrap Wrap
Walter Surface Arcea Areaof minus Annual Annual
Heater Size | Height | Diameter | of Cylinder Accessed Accessed Savings Savings
(Gal) (Inches)* | (Inches)* 9 Areas (IY** | Areas (ft) | (MMBtw) | (MMBtu)
30 G0 16 20.9 0.4 20.5 1.6 2.3
40 61 16.5 22.0 0.4 21.5 1.6 2.4
50 53 I8 20.8 0.4 20.4 1.5 2.3
66 58 20 253 04 24.9 1.9 2.8
80 58 22 27.8 0.4 27.4 2.1 3.1

* From New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs
(Cctober 15, 2014). Page 98
** Assuming square access area with 47 square and 2" clearance on each side

Electric Savings Algorithms
This measure is assumed to be installed only on a natural gas fired hot waler heating systems, so 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 to be one.

Measure Lifetimes

The measure lite is assumed (o be 5 years'™,

142

Assumed to be in unconditioned space, ambicnt temperature assumpion based on:

hup:/HlwEncde.noangov/img/documentlibrary/clim8 | supp3/iempnonmal _hires.jpg
13 See assumption lor low flow showerhead.
" Northeast Energy Efficicney Pactnerships, Mid-Atlaniic Techical Refercnce Manual (Version 1.1). Octaber 2010
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V. Non-Residential Time of Replacement
Market

A. Space Heating End Use

1)Efficient Space Heating System

Unique Measurc Code(s): TBD

Draft date: 4/27/12
Effective date:  TBD
End date: TBD

Mcasure Description
This measure applics o non-residential-sized (=300MBH) gas boilers purchased at the time of natural replacement.
A qualifying boiler must meet minimum efficiency requirements (Thermal Efficiency).

Definition of Baseline Condition
The efficicncy 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 Bascline Thermal Efficiency

Gas Boiler BO%

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 | 90%
Gias Boiler Tier 2 85%

Gas Savings Algorithms

MM Btu savings arc realized due to the increase in Thermal Efficiency of the new equipment. MMBIu savings vary
by equipment type due (o differences in model capacity and Thermal Efficiency percentages. Savings are caiculated
from the bascline new unit to the installed efficient unit.

Capacityg.: 1 1 )
4y 5 = - E
Annual Gas Savings (MMBtu) 1000 % (Tfmue T X EFLHypn
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Where:
Capacityoy = Output capacity of equipment to be installed {kBtu/hr)
1,000 = Conversion from kBtu to MMBtu
TEyase = Thermal Efficiency of new baseline equipment
TEg = Thermal Efficiency of new equipment
EFLE e = Equivalent Full Load Heating ours
HDD = Basc 63° F Heating Degree Days for Philadelphia = 4,033
Dt = Design temperature diffcrence (assume from 0° F to 70° F)

Equivalent Full Load Ileating Hours by Building Type

Building Type EFLH

Multifamily 854
Education 910
Food Sales 1,099
Food Service 1,203
Health Care 1,654
Lodging 463
Retail 904
Office 867
Public Assembly 1,043
Public Order/Safety 744
Religious Worship 898
Service 1,475
Warehouse/Storage 623

Electric Savings Algorithms

Not applicable.

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 Buoiler 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

Gas Boilers 25

3 Bused on NCDC ASOS temperature data for PHI from 2002 through 2069
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Source: Consortium for Energy Efficiency, High Efficiency Commercial Boiler Systems Initiative Description, May
16, 201 1, p. 17. Lifetimes range from 24-35 years.

Water Savings
There are no water savings for this measure.

1)Steam Trap

Unique Measure Code(s): TBID

Drafl date: 5/28/15
Effective date: TBD
IEnd date: TBD

Measure Description
This measure applies to replacing non-residential steam traps on heating syslems or repair of the steam Lrap by
replacing the internal working parts with a new insert.

Definition of Baseline Condition

The bascline critcrion is a faulty steam rap in need of replacing. No minimum leak rate is required. Any leaking or
blow through trap can be repaired or replaced. 1 a customer 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 1o be leaking on average from the studies listed. If an audit

is performed on a site, then the leaking and blowdown can be adjusted.

Definition of Efficient Condition

Customers must have [eaking traps 1o qualify. Flowever, if'a customer opts to replace all

traps without inspection, the savings are discounted to take into consideration the fact that some

traps arc being replaced that have not yel failed. This measure may consist of cither installation of a whole new
sleam trap or replacement of the internal working parts with an insert.

Gas Savings Algorithms

H
AMMBt: = § X (—E—) % Hr x A % 1 /1,000,000

Where:
AMMEBty = MMDBtuof saved gas per year

$ = Maximum theoretical steam loss per trap (Ib/hr/trap). Sce table of
values.

Hv = [lcal of vaporization ol steam, (Btu/lb). Sce table of values.

B = Boiler efficiency, (%)

Hr = Annual operating hours of steam plant. See table of values,

A = Adjustment factor 1o account for reducing the maximum theoretical
steam flow (S) to the average steam flow (the Enbridge factor).

L = Leaking and blow-thru factor. If the steam trap has been audited and
is known to be leaking, then this faclor is 100%, if unaudited and
unknown if leaking, then sce table of values below.

FO00,000 = DBtuto MMBtu
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Steam Trap Algorithm Input Values

8]

Leaking &

Avg Steam | Heat of Default Blow-thru
Steam Trap Loss, S Vaporization | Boiler Operating factor for
Application and slblhr!trap) Hv Efficiency | Hours, Adjustment | unaudited
Pressure 46 (Btufib)'"’ B’ H'* Factor, A" | traps, L'™
Commerciai/Muitifamily,
low pressure 13.8 951 80% 2,720 50% 27%
Dry Cleaners 38.1 820 80% 2,425 50% 27%
Industrial Low Pressure
PSIG<15 13.8 951 B0% 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 Bigh Pressure
75<PSIG<125 67.9 894 80% 7,752 50% 16%
Industrial High Pressure
125<PS3iG=<175 105.8 868 80% 7,752 50% 16%
Industrial High Pressure
175<PSI1G<250 143.7 846 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 to determine the free ridership and spillover, the values are assumed 1o be zero.

Equipment Type Free Ridership Spillover

0% 0%

Steam Traps

M€ Resource Solutions Group "Steam Traps Revision #17 dated August 2011,

"7 1cat of vaporization of steam at the inlet pressure to the steam trap, Implicit assumption that the average hoiler
nominal pressure where the vaporization occurs, is essentially that same pressure. Reference Resource Solutions
Group "Steam Traps Revision # 1" dated August 201 1.

"™ California Energy Commission Efficiency Data for Stcam Boilers as sited in Resouree Solutions Group "Steam
Traps Revision #1" dated August 2011,

" Resource Solutions Group "Steam Traps Revision #1" dated August 2011, which references Enbridge service
territory data and kW Engincering study. Commercial/Multifamily hours adjusted (o Philadelphia based on the HIDID in
Philadelphia relative 1o Chicago.

50 Enbridge adjustment factor used as referenced in Resource Solutions Group "Steam Traps Revision #1" dated
Augtlist 2011 and DOE Federal Energy Management Program Steam Trap Performance Assessment.

" Dry eleancrs survey data as relerenced in Resource Solutions Group "Steam Traps Revision #1" dated August
2011, if trap is known Lo be leaking, then this factor is 100%.
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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

2)Commercial Convection Ovens

Unique Mceasure Code(s): TBD

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

Measure Description
A general-purpose chamber desipgned lor heating, roasting, or baking food by forcing hot dry air over the surface of
the food product. The rapidly moving hot air strips away the layer of cooler air next to the food and enables the food
to absorb the heal energy. For the purposes of'this specification, convection ovens do not include ovens that have the
ability to heat the cooking cavity with saturated or superheated steam. Maximum water consumption within the oven
cavity must not exceed 0.25 gallons/hour. Ovens that include a hold feature are ¢ligible under this specification as
long as convection is the only method used to filly cook the food.

¢ [ull-Size Convection Oven: A convection oven that is able to accept a minimum of five standard full-size

sheel pans measuring 18 x 26 x I-inch.

This does not cover ovens designed for residential or laboratory applications; hybrid ovens, such as those
incorporating stecam and/or microwave settings in addition to convection; other oven types, as defined in Section 1,
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 encrgy efficiency of 44% and Idle Energy Rate of 15,100 Bu/h'>,

Definition of Efficient Condition
Cooking energy efficiency greater than or equal to 46% and an ldle Energy Rate less than or cqual to 12,000

Btu/h

132 Source paper is the Resource Solutions Group "Steam Traps Revision #1" dated August 201 1. Primary studics
used to prepare the source paper include Enbridge Steam Trap Survey, KW Engincering Stcam Trap Survey,
Enbridge Steam Saver Program 2005, Armstrong Steam Trap Survey, DOI Federal Encrgy Management Program
Steam Trap Performance Assessment, Oak Ridge National Laboratory Steam System Survey Guide, KEMA
Evaluation of PG&E's Steam "Trap Program, Scpt. 2007. Communication with vendors suggested a inverted bucket
steam lrap life typically in the range of' 5 - 7 years, Noal and thermostatic traps 4- 6 years, float and

thermodynamic disc traps of 1 - 3 years,

132 ENERGY STAR calculator default input,
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Additional criteria:
1)} Must be {ull-size (for gas)
2) Have been installed in compliance with manufacturer instructions and meeting all applicable local, State,

and Federal codes and standards;
3y Are third-party certified to:
a.  NSI/ANSI Standard 4, Commercial Cooking, Rethermalization and Powered Hot Food Holding

and Transport Equipment
. ANSI/UL 197, Commercial Electrical 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 expected gas savings from a full-size commercial convection oven meeting the above

specifications. These savings come {rom the Energy Star calculator, '™

Annual Gas Savings (MMBtu) = 12,90 MMBeu

Electric Savings Algorithms

There are no electric savings {rom this measure.

Energy 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 arc assumed to be zero.

Equipntent Type Free Ridership Spillover
Commercial Convection Oven 0% 0%
Persistence

The persistence factor is assumed to be one,

Measure Lifetimes

5 Using ASTM Standard Fi496-99 (Reapproved 2005) based on heavy load (potato) cooking test,
35 Wtpfwww. energystar. gov/index.chinfuseaction=find_a_product.showProductGroup&pgw_code=C0OO0
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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.

3)Commercial Gas Fryer

Unique Measure Code(s): TBD

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

Measure Description

An appliance, including a cooking vessel, in which oil is placed to such a depth that the cooking food is cssentially
supporicd by displacement of the cooking fluid rather than by the bottom of the vessel. Heal is delivered Lo the
cooking fluid by heat transfer from gas burners through cither the walls of the fryer or through tubes passing through

the cooking fluid.
o Standard Fryer: A fryer with a vat that measures >12 inches and < 18 inches wide, and a shortening

capacily > 25 pounds and < 65 pounds.
e lLarge Vat Fryer: A {ryer with a vat that measures > 18 inches and < 24 inches wide, and a shortening
capacity > 50 pounds.

Definition of Bascline Condition
Heavy Load (French Fry) Cooking Energy Efticicncy ol 35%.
ldlle ¢nergy rate:

= 14,000 Btw/h for Standard Fryer

e 16,000 Bw/h for Large Vat Fryer

Definition of Efficient Condition
Heavy Load (French Fry) Cooking Energy Efficiency greater than or equal to 50%.
Ildle energy rate less than or equal 1o:

¢ 9,000 Buuw/h for Standard IFryer

s 12,000 Bi/h for Large Vat Fryer

All criteria are the same as the ENERGY STAR label.

Gas Savings Algorithms

The following shows the expected pas savings ftom Energy Star commereial fryers meeting the above
e - : . - 156

specifications. These savings come from the Energy Star calculator,™

Standard Fryer (per frypot):
Annual Gas Savings (MMBtu} = 50.80 MMBtu

156 hitpatfwww.energystar.goviindex.cfin” fuscaction=find_a_product.showProductGroupdepgw_code=C00
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Large Vat Fryer (per [rypot):

Annual Gas Savings (MMBtu) = 79.50 MMBtu

Eleetric Savings Algorithms

There are no clectric savings from this measure.
Energy Savings

AkWh  =0kWh

Demand Savings

AKW=( kW

Where:
AkWh = gross customer annual kWh savings for the measure.
AkW = gross customer summer foad kW savings for the measure.

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

Equipment Type Free Ridership Spillover
Commercial Fryer 0% 0%
Persistence

The persistence factor is assumed to be one.

Mecasure Lifetimes

Equipment Type Measure Lifetime

Commercial Fryer 12
Sources: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings
Thete are no water savings for this measure.

4)Commercial Gas Steamers (Cooking)

Unique Mcasure Code(s): TBD

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

Measure Description
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Also referred to as a “compartment stcamer,” 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 base.

Definition of Baseline Condition
Cooking encrgy efficiency of 18% and Idle Energy Rate of 3,000 Buh per pan'™,

Definition of Efficient Condition
Cooking energy efficiency greater than or cqual to 38% and an Idle Energy Rates less than the maximum values in
the table below.

# of Pans Cooking Efficiency 1dle Rate (Btu/hr)
3 pans 38% 6,250
4 pans 38% 8,350
5 pans 38% 10,400

6+ pans 38% 12,500

All eriteria are the same as the ENERGY STAR label.

Gas Savings Algorithms

The lollowing shows the expected gas savings from a commercial steam cooker meeting the above specilications.
eqn - - e R

I'hese savings come from the Energy Star calculator.”

# of Pans Annual Gas Savings (MM Bitu)
3 pans 76.6
4 pans 86.4
5 pans 86,2
6 pans 1054
7 + pans 105.4-+ 14.2 per pan > 6 pans

Electric Savings Alporithms
There are no clectric savings from this measuie.
Encrgy Savings

AkWh  =0kwWh

Demand Savings

AW =0 kW

Wiere:
AkWh = pross customer annual kWh savings for the measure,
AkW = gross customer summer load kW savings lor the measure,

7 The baseline comes from PG&IR's online caleulator at
httpAwww. (ishnick.convsaveencrey/toolsicalculators/gsteamercale.php

¥ hupewww.enerpystar.govfindex.clm?luscaction=find_a_product.showProductGroup&paw_code=C00

4 pan is interpolated between 3 and $ pan,
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Freeridership/Spillover
Until studies have been performed to determine the free ridership and spillover, the values are assumed 10 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 Lifctime

Commercial Steam Cooker 12
Satrces: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings
According to the Energy Star catculator the water savings would be 162,060 gallons per year lor an Energy Star
steamer compared (o a baseline steamer,

5)Commercial Gas Griddle

Unigue Measure Code(s): TBD

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

Measure Description
Single or double sided gas griddie.

Definition of Baseline Condition
Cooking cuergy efficiency ol 32% and Normalized [dle Energy Rate of 3,500 Btu/h per square foot',

Definition of Efficient Condition
Cooking energy efficiency greater than or equal to 38% and a Normalized 1dle Energy Rate less than or equal to
2,650 Btwh per square loot,

All eriteria are the same as the ENERGY STAR label.

Gas Savings Algorithms
The Tollowing shows the expected gas savings from a commercial gas griddle meeting the above specifications.

o . - 160
Ihese savings come firom the Energy Star calculator.™

O -
'* From the Energy Star calculator

Y Btp s fwww.ctergystar. govindex.cfmPluseactionslind_a_product.showProductGroupdpgw_code=CO0
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Amnual Gas Sovings (MMBtu) = 13.10 MMBtu

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

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

Equipment Type Frec Ridership Spillover
Commercial Gas Griddie 0% 0%
Persistence

The persistence factor is assumed (o be one,

Measure Lifetimes

Equipment Type Measure Lifetime

Commercial Gas Griddle 12
Sources: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings
There are no water savings {or this measure,

6)Pre-rinsc Spray Valve

Unique Measure Code(s): TBD

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

Measure Description

Commercial dishwasher pre-rinse spray valves use hot water under pressure to ¢lean food items oiT plates, Natware,
and other kitchen items before they are placed into a commercial dishwasher. Pre-rinse valves are handheld devices,
consisting of a spray nozzle, a squeeze lever that controls the waler low, and a dish guard bumper, Often they

June 4, 2015
Philadelphia Gas Works: EnergySense



&9

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 unit assembly that typically includes an insulated handle, a spring supporied metal
hose, a wall bracket, and dual faucet valves. Pre-rinse valves are inexpenstve and frequently interchangeable within
different manufacturers’ hose assemblies. They are usually placed at the entrance to a dishwasher and can also be
focated 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 ciTicient pre-rinse spray valve mecting the above
. . 1
specifications."

Annual Gas Savings (MMBtu) = 6.38 MMBtu

Electric Savings Algorithms

There are no eleetric savings from this measure.
Encrgy Savings

AkWh  =0%kWh

Demand Savings

AkW =0 kW

Where:
AkWh = gross customer annual kWh savings for the measure.
AkW = gross customer sumnier load kW savings for the measure.

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

Equipment Type Free Ridership Spillover
Pre-rinse Spray Valve 0% 0%
Persistence

The persistence factor ts assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

. 4 102
Pre-rinse Spray Valve 5"

" ENERGY STAR calculator 4/14.
2 Massachusetts 2011 Technical Reference Manual,
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Water Savings
Expecied water savings would be 62,305 gallons per year.]m

C. Commercial Domestic Hot Water End Use

7)YCommercial Domestic Hot Water Heater

Unique Measure Code(s): TBD

Draft date: 5128715
Effective date: TBD
End date: TBD

Measure Description
Installation of high-efficiency, gas-fired, storage-type or tankless, domestic hot waler heaters greater than 75,000

Btu/hr,

Definition of Baseline Condition
Base case heater is a code-compliant storage gas heater as specilied in ASHRAE 90.1-2007,

Definition of Efficient Condition
The efficient healer is a storage or tankless gas heater with equal (o or exceeding 94% thermal efficiency.

Gas Savings Algorithms
If multiple heaters are used, they are treated as a single unit, with system input capacity and standby loss rate
equal to the sum of all units.

AMMBtu = BasglinglUse — Ef ficientUse
For commercial buildings other than multifamily:

Boaselinellse = A X E
For multifamily buildings:
BasalinelUse = U X E
All building types:

WGPV, x AT x 8.33 B#u/Gal'F) + {SLR, x H)

EfficientUse = Btu
1,000.000mx Ne
((BaselingUse x 1,000,000 Beu/MMBtu X ny) + (SLRy x H}H

AT x 8.33 Btu [/ Gal°F

GPY,, =

1000
SLRb - CAPH.E X W"' 110 X 1’ CAP“,!,P

193 Massachusctts 2001 Techmical Reference Marnual,
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. [(a?eo h}% x CAPy» X 1,000 MBM) (Baselinelise x 1,000,000 2 Mfft;m )]
(CAPy 3 x 1000 Btu/MBtu) — S—’fl
CaPyy = CAPy 4 X =
Na
Where:
AMMBtt = MMBuu ol saved gas per year
Baselinelse =  Bascline DHW gas usage (MMBtu)
EfficientUse =  Lfficicnt DIW gas usage (MMBiu)
A = Building floor arca (i), input
Ey = For commercial buildings other than multifamily this is the annual
bascline gas energy usage rate per building 2 (MMBuw/fi*/yr). For
muliifamily this is the annual baseline gas encrgy usage rate per
apartment unit (MMBtw/unit/yr). See table of values by building type.
U = Number of apartment units in multitamily building, input.
GPY,, = Annual building hot water usage (gal/yr)
ar Difierential temperature rise ( 75°F)
SLR, = DProposed efficient water heater standby loss rate (Btu/hr), input
H = Number of annual standby hours (lrs/yr)
e = Thermal efficiency of proposed efficient water heater (%)
ns = Thermal efficicncy of baseline water heater (80%)'*
CAPy , = Heal Input capacity of proposed efficient water heater (MBh, 1000
Bru/hr), input
CAPy,., = Walter Storage capacity of proposed cificient water heater (gal), input
CAFy p =  Heat Input capacity of baseline water heater (MBh)
SLRy = Baseline water heater standby loss rate (Btu/hr)

Annual Bascline Gas Usage Rate by Building Type

Annual Baseline Gas Usage
Building Type Rate, E, (MMBtu/ft2/yr)'®
Education 0.00494
Grocery/Convenience Store 0.0029%
Restaurant/Cafeteria 0.03739
Inpatient Health Care 0.03677
Qutpatient Health Care 0.00330
Lodging 0.02730
Retail (other than in mall) 0.00093
Retail (in mall) 0.00288
Office 0.00155
Police/Fire Station/Jail 0.01411
Other 0.00093

103 ASHRALZ 90,1-2007, Table 7.8.

1 U.S. Energy [nformalion Administration Table ESA. Natural Gas Consumption and Energy Intensitics by End Use for All

Buildings, 2003,
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Annual Baseline Gas Usage
Rate, E;,
. 66
(MMBtu/unit/yr)*
Multifamily 22.5
Electric Savings Algnrith'ms
There are no ¢lectric savings from this measure.
Energy Savings
AkWh =0kWh
Demand Savings
ARW=0kW
Where:
AkWh = gross customer annual kWh savings for the measure.
AW = 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

I'ree Ridership

Spillover

Commercial DHW Fleater

0%

0%

Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type

Measure Lifetime

Commercial DHW lealer

12

Sources: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings

There are no water saviags for this measure,

D. All End Uses

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

¥ GDS Associates, Ine. (2009). Natural Gas Energy Efficiency Potential in Massachussetts. Prepared for GasNetworks,
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Draift date: T/22713
Effective date:  TBD
End date: TBD

Measure Description
This measure applies to all custom measures, not otherwise speeified in this TRM.

Definition of Baseline Condition

The baseline represents ihe 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 efficicnt measure is any equipment that uses less enerpy than the bascline equipment.

Gas Savinps Algorithms

The generalized equation for a custom measure compares the baseline usage to the efficient usage.

Annual Gas Savings (MMBtu) = BaselineUse — EfficientUse

Where:
Buaselinelse = The gas usage of baseline cquipment or building.
EfficientUse = The gas usage of efficient equipment or building.

Electric Savings Algorithms

Energy Savings
AkWh = BaselinekWh - Lfficientk Wh

Demand Savings
AW = Baselinek W - Efficientk 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.
fifficientkWh = The clectric kWh usage of efficient equipment or building,
Buselinet W = The eleetric KW usage ot baseline equipment or building.
Lfficiente = The electric kW usage of cfficient equipment or building,

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

June 4, 2015
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Equipment Type Free Ridership Spillover
Custom Measurc 0% 0%

Persistence

The persistence [actor is assumed to be one.

Mecasure 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 (he bascline and efficient equipment annual water usage in gallons,

Junc 4, 2015
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V1. Non-Residential New Construction
A. All End Uses

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

Draft date: 4/30/12
LEffective date:  TBD
Iind dat_e: TBD

Measure Description
This measure applics to all custom measures, not otherwise specified in this TRM.

Definition of Baseline Condition

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

Definition of Efficient Condition

The efficient measure is any equipment that uses less encrgy than the baseline equipment.

Gas Savings Algorithms

The generalized cquation for a custom measure compares the baseline usage to the cfficient usage.

Amnnual Gas Savings (MMBtw) = Baselinelise — EfficientUse

Where:

The gas usage of baseline equipment or building.

It

BaselineUse

LfficientUse = The gas usage of efficient equipment or building.

Electric Savings Algorithms

Encrpy Savings
AkWh = BaselinekWh - EfficiemkWh

Demand Savings
ARW = BaselinekW - Efficientk W

Where:
AkWh = Gross customer annual kWh savings for the measure,
AkW = Gross customer summer load kW savings for the measure.
BaselingkWh = The electric kWh usage of bascline equipment or building,
EfficienskWh = The electric kWh usage of efficient equipment or building,
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BaselinekW = The electric kW usage of baseline equipment or building.

EfficientkW

The electric kW usage of efficient cquipment or building.

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

Equipment Type Frec 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 waler savings arc the difference between the baseline and efficient equipment annual water usage in gatlons,
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VIlI. Non-Residential Retrofit
A. Space Heating End Use

1)Efficient Space Heating System

Unigue Measure Code(s): TBD

Draft date: 5/6/14
Eftective date:  TRD
Fnd date: TBD

Measure Description
This measure applies to high-efficiency gas furnaces and boilers replacing an existing and functioning lurnace or
boiler of lower efficiency and possibly different capacity.

Definition of Baseline Condition
The bascline represents the existing equipment that is currently installed. The efficiency level and capacity are based
on measurements or nameplate information.

Definition of Efficient Condition
The eilicient measure is any equipment that uses less energy than the baseline equipment.

Gas Savings Algorithms
The following cquation accounts for differences between the bascline and cfficient space heating equipment

elMiciencies and capacities.
Copacityp,, [ 1 SR x (1+ Agyg)
1000 |AFUEyqe AFUE,

Annual Gas Savings (MMBte) = X EFLHpeorpase

Capacity
SR = P Yeff

B Capacitypase

Annual Gas Useyp,, X AFUEy,.,

EFLM peqrpose =

Capacityyo.e
Where:
Annual Gas Savings (MMBtu}) = The annual gas savings of the efficient space heating equipment
compared 1o the existing cquipment.
Capacitypgs, = The existing space heating equipment cutput capacity (MBH)

AFUEyz,, = LEfficiency of existing space heating equipment (Annual Fuel
Utilization Efficiency)
SR = Sizing ratio ol new cfficient refative (o the existing bascline
equipment (Sce algorithm above).

June 4, 2015
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Capaci E¥ers

Annual Gas Usep,,,

Eleetric Savings Algorithms

“‘guvg

AFUE ;¢

98

Runtime percent change adjustment. See table of values below
based on SR vatue. '’

Efficiency of proposed efficient space heating equipment (Annual
Fuel Ulilization Efficiency)

Equivalent full load healing hours for existing baseline equipment
{Scc algorithm above).

The proposed etficient space heating equipment output capacity
(MBH})

The annual gas usage of the existing space heating cquipment,
hased on weather-normalized gas bills (kBtu).

Sizing Ratio (SB) | Run Time Adjustment
{Agrg)
50% 78%
55% 65%
60% 54%
05% 45%
70% 36%
75% 28%
80% 21%
B5% 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% -30%
170% -37%
175% -39%
180% -40%
185% -42%
190% -43%
195% -44%
200% -40%

T Developed by Practical Energy Solutions using simulation modeling.
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Encrgy Savings
AkWh = BaselinekWh - Efficientk Wh

Demand Savings
AW = BaselinekW - Efficientk W

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

AkW = Gross customer summer load KW savings {or the measure.
BaselinekWh = The electric kWh usage of baseline equipment or building.
EfficientkWh = The electric kWh usage of elficient cquipment or building.

BaselinekW = The cleciric kW usage of baseline equipment or building.

EfficientkW = The electric 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 to be zcro.

Equipment Type Free Ridership Spillover
_Space IMeating Equipment 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime
Gas Furnaces 20
Gas Boilers 23

Source: Lifetime estimates used by Efficiency Vermont.

Water Savings
The water savings arc the difference between the baseline and eflicient equipment annual water usage in gallons.

B. All End Uses

2)Custom Measures
Unigue Measure Code(s): TBD

Drait date: 4/30/12
Effective date: TBD
lind dale: TBD

Measure Description

Junc 4,2015
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This measure applies to all custom retrofit measures, not otherwise specified in this TRM.

Definition of Baseline Condition

The baseline represents the existing equipment that is currently installed. The efficiency fevel is based on
measurements or nameplate information.

Definition of Efficient Condition

The eificicnt measure is any equipment that uses less energy than the baseline equipment.

Gas Savings Algorithms

The generalized equation for a custom measure compares the baseline usage to the efficient usage.
Annual Gas Savings (MMBtw) = Baselingllse — Efficientlse

Where:

BuselineUse = The pas usage of baseline equipment or building.

EfficientUse = The pas usage of efficient equipment or building.

Electric Savings Algorithms

Energy Savings
AkWh = BaselinekWh - Efficientk Wh

Demand Savings
AkW = BaselinekW - EfficientkW

Where:
Gross customer annual kWh savings for the measure,

[/

AkWh

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

BuaselinekWh = The electric kWh usape of bascline cquipment or building,
EfficientkWh = The electric kWh usage of cfficient equipment or building.
BaselineklY = The cleeiric kW usage of baseline cquipment or building.
EfficientkW = The cleetric kW usage of efficient equipment or building.

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

Equipment Type Free Ridership Spillover
Custom Mceasure 0% 0%
Junc 4, 2015
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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 cfficient equipment annual water usage in gallons.

Junc 4, 2015
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CERTIFICATE OF SERVICE

] hereby certify that this day 1 served a copy of PGW's Sixth Year Implementation Plan

Fiscal Year 2016 upon the persons listed below in the manner indicated in accordance with the

requirements of 52 Pa. Code Section 1.54.

Via Email and/or First Class Mail
Christy M. Appleby, Esq.

Darry! Lawrence, Esq.

Oflice of Consumer Advocale

5" Floor, Forum Place Bldg.

555 Walnut Strect

Harrisburg, PA 17101-1921
capplebyf@paoca.ory
dlawrence@dpaoca.ory

Sharon Webb, Esq.

Office of Small Business Advocate
Commerce Building, Suite 202
300 North 2™ Street

Harrisburg, PA 17101
swebb@dstate. pa.us

fosie B. H. Pickens, Esq.

Thu B. Tran, Esquire

Robert W. Ballenger, Esq.
Energy Unit

Community Legal Services, Inc
North Philadelphia Law Center
1410 West Erie Avenue
Philadelphia, PA 19102
JPickens@celsphila.org
Hrandaelsphila.org
rhallenper@elsphila.ory

Richard Kanaskie, Esq.

Gina L. LaufTer, Esq.

Burcau of Investigation & Enforcement
PA Public Utility Commission
Commonwealth Keystone Building
400 North Street, 2nd IFloor
Harrisburg, PA 17120
rkanaskicdpa.poyv

ginlaulTer@pa.gov
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Charis Mincavage, Esq.

Adelou Bakare, LEsq.

Elizabeth Trinkle, £2sq.
McNEES, WALLACE, NURICK
100 Pine Street

P.O. Box 1166

Harrisburg, PA 17108-1166
CIUACHVATDMWILCONT
ABakareidmwn.com
cuinkle@mwn.com

Joseph Minotl

Logan Welde

Clean Air Council of Philadelphia
135 South 19" St., Suite 300
Philadelphia, PA 19103
joe_minotl@cleanair.org

Iwelde@eleanair.org

Harry S. Geller, Esq.

Elizabeth R. Marx, Esq.

The Pennsylvania Utility Law Project
118 Locust Street

Harrisburg, PA 17101
pulp@paleealaid.net

Louise IFink Smith, Esq.

Law Burcau

PA Public Utility Commission
P.O. Box 3265

400 North Street, 3" Floor
Harrisburg, PA 17105-3265
Finksmithfdpa.gov
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Joseph Magee

Grace McGovern

Sarah Dewey

Burcau of Consumer Services
PA Public Utility Commission
PO Box 3265

Harrisburg, PA 17105-3265
Jmgpecidpa. gov
gmepovernfapa.eov
sdeweydpa. oy

MCMU

Danicl Clearfield, Esq.
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