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1 EXECUTIVE SUMMARY

This Annual Report covers the first year of the UG Utilities, Inc. — Gas Division (UGl Gas) Energy
Efficiency and Conservation (EE&C) Plan, approved as part of UGl Gas's 2016 Rate Case (Docket No.
R-2015-2518438). Program Year 1 (PY1) covers the period of October 1, 2016 through September
30, 2017. The EE&C Plan experienced a strong start in PY1:

e UGI Gas launched two energy efficiency (EE} programs in PY1: the Residential Prescriptive
(RP) and Nonresidential Prescriptive (NP), UGI Gas also launched its Combined Heat and
Power (CHP) Program. UG! Gas also had a soft launch of a third EE program - its
Nonresidential Retrofit (NR} Program - with a project that received the Small Business
Project of the Year Award by the Central Pennsylvania Chapter of the U.S. Green Building
Council.

e Costs in PY1 for the EE&C Portfolio were $1.99 million, which equaled 75% of projected
costs. Of PY1 costs, UGI Gas spent $1.25 million on incentives, (160% of projections) and
$736,155 on non-incentive costs (40% of projections).

e PY1 savings for the EE programs were 32,661 MMBtus {221% of projections) while costs
were $1.98 million (87% of projections). The EE programs also resulted in electric savings of
507 MWh in PY1.

e There was no participation in the CHP Program in PY1, however, a project was pre-approved
for PY2. UGI Gas spent approximately $7,000 on administration and marketing for the CHP
program in PY1.

e The total EE&C Portfolio provided $2.07 million in net benefits to customers with a benefit-
to-cost ratio (BCR) of 1.74 as calculated under the Total Resource Cost (TRC) Test, including
Demand Reduction Induced Price Effect (DRIPE) and the market price for CO,. Under the TRC
Test without DRIPE and CO,, the Portfolio provided $1.20 million in net benefits to
customers with a BCR of 1.43.

e [nJanuary 2018, UGI Gas plans to launch the two remaining EE programs - Residential
Retrofit (RR) and New Construction (NC) - as well as fully launch the NR Program.
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2 PORTFOLIO OVERVIEW

2.1 Background

In January 2016, UGI Gas proposed a voluntary, five-year EE&C Plan as part of its Rate Case (Docket
No. R-2015-2518438). By its order entered October 14, 2016, the Commission approved the EE&C
Plan {as amended by settlement in the proceeding). UGI Gas respectfully submits this report
documenting the results of its EE&C Plan for PY1 in compliance with the agreed-upon settlement
provisions to provide an annual report. The results set forth below represent a portfolio of cost-
effective EE&C programs that benefit the customer through decreased energy costs while
maintaining cost-effectiveness under the TRC test.

UGI Gas has six natural gas EE programs in its EE&C Portfolio and one program focused on CHP.
These programs are:

¢ Residential Prescriptive (RP} Program

¢ Nonresidential Prescriptive (NP) Program
¢ New Construction (NC) Program

e Residential Retrofit (RR) Program

¢ Nonresidential Retrofit (NR) Program

e Behavior and Education (BE) Program

e Combined Heat and Power (CHP} Program

These programs follow the designs and goals established in UGI Gas’s 2016 rate case. All of the
EE&C programs are voluntary and offer UGI Gas customers a wide range of energy efficiency and
conservation measures to decrease natural gas consumption and, in turn, customers’ annual energy
costs.
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2.2 Summary of Activity

UGI Gas had a strong start to its EE&C Plan in PY1. Starting January 1, 2017, UGI Gas launched the RP
Program, the NP Program, and the CHP Program, as well as had a soft-launch of its NR Program.
Near the end of PY1, UGI Gas started on the development of the RR and NC Programs, which are
scheduled to launch January 2018. Portfolio spending of $1.99 million was only 75% of projected
PY1 spending, but first year savings of 32,661 MMBtus were more than twice first year projections.
The high savings were mainly due to a strong PY1 for the RP Program. There were no CHP projects
completed in PY1; however, there are a few active prospects in the pipeline that are considering
CHP installations in 2018-2019. The EE&C Portfolio had a present value TRC net benefits of $2.07
million, with a BCR of 1.74 where the market price of CO, and DRIPE were counted. Where DRIPE
and CO, were excluded from the calculation, the EE&C Portfolio had a present value TRC net benefit
of $1.20 million, with a BCR of 1.43. The following tables provide a high-level overview of the EE&C
Portfolio’s spending and savings for PY1 and the current phase.

Table 1. EE&C PORTFOLIO SUMMARY - PY1

Program Actual Projected %
Portfolio Spending $1,989,967 $2,658,506 75%
EE Programs $1,983,191 $2,271,006 87%
CHP Program $6,776 $387,500 2%
EE Program Natural Gas Savings
Annual (MMBtus) 32,661 14,769 221%
Lifetime ((MMBtus) 627,915 268,207 234%
CHP Net Primary Energy Savings
Annual (MMBtus) 0 169,855 0%
Lifetime ((MMBtus) 0 2,547,828 0%

Table 2. EE&C PORTFOLIO SUMMARY - PHASE |

Program Actual Projected %
Portfolio Spending $1,989,967 $27,000,000 7%
EE Programs $1,983,191 $24,204,900 8%
CHP Program $6,776 $2,795,100 0%
EE Program Natural Gas Savings
Annual (MMBtus) 32,661 647,407 5%
Lifetime ((MMBtus) 627,915 7,384,990 9%
CHP Net Primary Energy Savings
Annual (MMBtus) 0 1,706,090 0%
Lifetime ((MMBtus) 0 25,591,350 0%
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2.2.1 Summary of Program Costs

Table 3. PORTFOLIO COSTS BY PROGRAM - PY1

Program Total Incentive | Non-Incentive
Residential Prescriptive (RP) $1,448,148 $1,171,100 $277,048
Nonresidential Prescriptive (NP) $108,419 $31,712 $76,707
Residential Retrofit (RR) $19,814 S- $19,814
Nonresidential Retrofit (NR) $51,030 $51,000 S30
New Construction (NC) $6,047 S- $6,047
Behavior and Education (BE) S- S- S-
Portfoliowide Costs $349,733 $- $349,733
Energy Efficiency Total $1,983,191 $1,253,812 $729,379
CHP $6,776 $- $6,776
Portfolio Total $1,989,967 $1,253,812 $736,155

Table 4. PORTFOLIO COSTS BY PROGRAM - Inception to Date

Program Total Incentive | Non-Incentive
Residential Prescriptive (RP) $1,448,148 $1,171,100 $277,048
Nonresidential Prescriptive (NP) $108,419 $31,712 $76,707
Residential Retrofit (RR) $19,814 S- $19,814
Nonresidential Retrofit (NR) $51,030 $51,000 $30
New Construction (NC) $6,047 S- $6,047
Behavior and Education (BE) S- S- S-
Portfoliowide Costs $349,733 S- $349,733
Energy Efficiency Total $1,983,191 $1,253,812 $729,379
CHP $6,776 S- $6,776
Portfolio Total $1,989,967 $1,253,812 $736,155
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2.2.2 Summary of Program Savings

Table 5. ENERGY EFFICIENCY PROGRAM SAVINGS - PY1

Natural Gas (MMBtus) | Electric Energy (MWh) | Capacity | Water Savings (Million Gal)
Program Annual Lifetime Annual Lifetime MW-yr. Annual Lifetime
Residential Prescriptive (RP) 26,872 512,870 507.0 95,836.4 0.111 0 0
Nonresidential Prescriptive (NP} 3,216 64,325 0.0 0.0 0.000 0 0
Residential Retrofit (RR) 0 0 0.0 0.0 0.000 0 0
Nonresidential Retrofit (NR) 2,573 50,720 0.0 0.0 0.000 0 0
New Construction (NC) 0 0] 0.0 0.0 0.000 0 0
Behavior and Education (BE) 0 0 0.0 0.0 0.000 0 0
Energy Efficiency Total 32,661 627,915 507.0 9,836.4 0.111 0 0
Table 6. ENERGY EFFICIENCY PROGRAM SAVINGS - Inception to Date

Natural Gas (MMBtus) | Electric Energy (MWh) | Capacity | Water Savings (Million Gal)
Program Annual Lifetime Annual Lifetime MW-yr. Annual Lifetime
Residential Prescriptive (RP) 26,872 512,870 507.0 9,836.4 0.111 0 0
Nonresidential Prescriptive (NP) 3,216 64,325 0.0 0.0 0.000 0 0
Residential Retrofit (RR) 0 0 0.0 0.0 0.000 0 0
Nonresidential Retrofit {NR) 2,573 50,720 0.0 0.0 0.000 0 0
New Construction (NC) 0 0 0.0 0.0 0.000 0 0
Behavior and Education (BE) 0 0 0.0 0.0 0.000 0 0
Energy Efficiency Total 32,661 627,915 507.0 9,836.4 0.111 0 0

Table 7. CHP PROGRAM SAVINGS

PY1 Inception to Date
Savings Annual Lifetime Annual Lifetime
Net Primary Fue! Savings (MMBtus) 0 0 0
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2.2.3 Summary of Program Cost-Effectiveness

' Table 8. PORTFOLIO COST-EFFECTIVENESS BY PROGRAM - PY1 (20158$)

TRC Test - Base Case + DRIPE & CO2

TRC Test - Base Case

= Program NPV Benefits NPV Costs NPV Net BCR | NPV Benefits NPV Costs NPV Net BCR
Residential Prescriptive (RP) $4,167,589 | $2,257,330 | $1,910,258 1.85| $3,424,726 | 52,257,330 | 51,167,395 | 1.52
Nonresidential Prescriptive (NP) $443,933 $106,056 $337,877 4.19 $375,326 $106,056 $269,270 | 3.54
Residential Retrofit (RR) S- $17,175 $(17,175) 0.00 S- $17,175 $(17,175) 0.00
Nonresidential Retrofit (NR) $257,883 $108,220 $149,664 2.38 $203,788 $108,220 $95,568 1.88
New Construction (NC) S- $5,241 $(5,241) 0.00 S- $5,241 $(5,241) | 0.00
Behavior and Education (BE) $- $- $- N/A 5- $- $-| N/A
Portfoliowide Costs $- $303,142 | $(303,142) | 0.00 $- | $303,142 | $(303,142) | 0.00
Energy Efficiency Total $4,869,406 $2,797,164 | $2,072,241 1.74 $4,003,840 | $2,797,164 $1,206,675 1.43
CHP $- $6,400 $(6,400) | 0.00 $- $6,400 $(6,400) | 0.00
Portfolio Total $4,869,406 $2,803,564 | $2,065,841 1.74 $4,003,840 | $2,803,564 $1,200,276 143
Table 9. PORTFOLIO COST-EFFECTIVENESS BY PROGRAM - inception to Date (2015$)
TRC Test - Base Case + DRIPE & CO2 TRC Test - Base Case

Program NPV Benefits NPV Costs NPV Net BCR | NPV Benefits NPV Costs NPV Net | BCR
Residential Prescriptive (RP) 54,167,589 $2,257,330 | $1,910,258 1.85 $3,424,726 | $2,257,330 $1,167,395 1.52
Nonresidential Prescriptive (NP) $443,933 $106,056 $337,877 4,19 $375,326 $106,056 $269,270 3.54
Residential Retrofit (RR) $- $17,175| $(17,175)| 0.00 $- $17,175 $(17,175) | 0.00
Nonresidential Retrofit (NR) $257,883 $108,220 $149,664 2.38 $203,788 $108,220 $95,568 | 1.88
New Construction (NC) S- $5,241 $(5,241) 0.00 S- $5,241 ${(5,241) | 0.00
Behavior and Education (BE) 5- $- $- N/A $- $- S-| N/A
Portfoliowide Costs S- $303,142 | $(303,142) 0.00 S- $303,142 | $(303,142)| 0.00
Energy Efficiency Total $4,869,406 $2,797,164 | $2,072,241 1.74 $4,003,840 | $2,797,164 $1,206,675 1.43
CHP S- $6,400 $(6,400) 0.00 S- $6,400 $(6,400) 0.00
Portfolio Total $4,869,406 $2,803,564 | $2,065,841 1.74 $4,003,840 | $2,803,564 $1,200,276 1.43
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2.3 Progress Against Goals

UGI Gas made significant progress towards savings goals, achieving 221% of its PY1 annual MMBtu
projections, while only spending 75% of its PY1 projections. Administration costs came in below
projections, partially due to the amortization of portfolio design and startup costs over the five-year
life of the Plan. The strong start in PY1 can be primarily attributed to the success of the RP Program
where customer incentives were 248% higher than initially projected. Overall, UGI Gas spent
$1,989,967 in PY1, or approximately 7% of the approved settlement cap of 527 million.

UGI Gas also has kept the commitments it made in the settlement of its 2016 Base Rate Case.
Paragraph 42 of the settlement for UGI Gas’ 2016 Rate Case requires UGI Gas to limit the
percentage of costs spent by the utility on the NP, NR, and Nonresidential New Construction
Programs to 55% or less of the total cost to the utility and customer over the five-year life of the
plan. The following table shows that for the phase-to-date, this value is 65%. UGI Gas is confident
that this percentage will fall as the nonresidential programs ramp up and more customers
participate.

Table 10. NONRESIDENTIAL PROGRAM UTILITY COST
PERCENTAGES
Incremental
Participant Total

Program Utility Cost Cost Cost | % Utility
NP $108,419 $13,936 | $122,356 89%
NR $51,030 $73,822 $124,852 41%
NNC $0 $0 $0 N/A
Total $159,449.42 $87,758.45 | $247,208 65%

In addition, per Paragraph 39 of the settlement for UGI Gas’s 2016 Base Rate Case, UGI Gas agreed
to: (1) develop targeted marketing materials for existing residential multi-family customers and new
muilti-family residential construction, including master-metered multi-family residences; (2)
coordinate with the Pennsylvania Housing Alliance and the Pennsylvania Housing Finance Authority
(PHFAY}; and (3) track participation for buildings with more than one unit. In compliance with the
settlement, in PY1, UGI Gas identified 35 rebates in the RP and NP program that were tied to
buildings with more than one unit. This represented $36,800 incentive dollars and 1,721 MMBtus in
first year savings. PY1 activity specifically targeted at the multifamily market involved engagement
with stakeholders ready for the launch of the NR and NC Programs in PY2. UGI Gas was a sponsor at
the Pennsylvania Housing Finance Authority (PHFA) Housing Summit on May 11™ and 12", 2017 and
UGI Energy Efficiency Staff had a table at the summit offering information on UGI Gas’s energy
efficiency programs. In addition to the PHFA Summit, UGI Gas held a webinar for members of the
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Housing Alliance of Pennsylvania. This multi-family development organization holds well attended
webinars throughout the year.

Moreover, paragraph 40 of the settlement for UGI Gas’s 2016 Base Rate Case requires UGI Gas to:
{1) inform customers who contact UGI Gas or its CSPs with interest in participating in the EE&C Plan
that they might qualify for the Company’s Low Income Usage Reduction Program {LIURP) if they are
income qualified; {2) refer such customers to LIURP; and (3) refer confirmed low-income customers
to LIURP. In PY1, UGl Gas referred 10 customers to the Company’s LIURP Team, none of which
ultimately qualified for LIURP.
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2.3.1 Portfolio Costs

Table 11. EE&C PORTFOLIO COSTS BY CATEGORY - PY1

Component {Nominal $) Actual Projected %
Direct Utility Costs $1,989,967 $2,658,506 75%
Customer Incentives $1,253,812 $782,252 160%
Administration $468,875 $1,447,765 32%
Marketing $259,690 $382,806 68%
Inspections $7,590 $25,683 30%
Evaluations $0 $20,000 0%
Incremental Participant Costs $1,243,872 $8,864,503 14%
Table 12, EE&C PORTFOLIO COSTS BY CATEGORY - PHASE |
Component (Nominal $) Actual Projected %
Direct Utility Costs $1,989,967 $27,000,000 7%
Customer Incentives $1,253,812 $16,909,824 7%
Administration $468,875 $6,790,090 7%
Marketing $259,690 $2,039,329 13%
Inspections $7,620 $600,476 1%
Evaluations $0 $660,281 0%
Incremental Participant Costs $1,243,872 $86,246,453 1%
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2.3.2 Portfolio Savings

Table 13. EE&C PROGRAM SAVINGS - PY1

Type Actual Projected %
EE Programs
Natural Gas (MMBtus)
Annual 32,661 14,769 221%
Lifetime 627,915 268,207 234%
Electric Energy (MWh)
Annual 507.0 248.3 204%
Lifetime 9,836.4 4,819.1 204%
Capacity Savings (MW) 0.111 0.055 204%
Water Savings (Million Gal)
Annual 0 573,340 0%
Lifetime 0 3,440,040 0%
CHP Program
Net Primary Energy Savings
Annual (MMBtus) 0 169,855 0%
Lifetime (MMBtus) 0 2,547,828 0%
Table 14. EE&C PROGRAM SAVINGS - PHASE |
Type Actual Projected %
EE Programs
Natural Gas (MMBtus)
Annual 32,661 647,407 5%
Lifetime 627,915 7,384,990 9%
Electric Energy (MWh)
Annual 507.0 4722.6 11%
Lifetime 9,836.4 92,459.8 11%
Capacity Savings (MW) 0.111 1.052 11%
Water Savings (Million Gal)
Annual 0 26,189,579 0%
Lifetime 0 248,471,774 0%
CHP Program
Net Primary Energy Savings
Annual (MMBtus) 0 1,706,090 0%
Lifetime (MMBtus) 0 25,591,350 0%
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2.4 Updates

241

2.4.2

Portfolio Updates
The Technical Reference Manual (TRM} used by the EE&C Portfolio has been updated to
account for changes to federal standards and updates in program design. A redlined version

is included as an attachment to this report.

Program Updates
UGI Gas will be launching an online marketplace where customers can purchase Wi-Fi-

enabled thermostats and receive an instant rebate. UGl Gas anticipates leveraging this
marketplace to offer promotional deals to further drive customer participation.

Wi-Fi thermostats within the RP Program will be required to be ENERGY STAR Certified
starting in January 2018.

UGI Gas is removing the 85% Et level incentive for commercial boilers in the NP Program and
only allowing incentives for ENERGY STAR Certified commercial boilers, which equate to the
90%+ Et (thermal efficiency) tier currently offered.

The NC Program is launching in January 2018. Residential New Construction incentives will
be $20 per MMBtu for homes achieving savings 30% above code based on a Home Energy
Rating System (HERS) rating. Homes that are 30% above code and are also ENERGY STAR
Certified can receive $30 per MMBtu.

Under the RR Program, launching in January 2018, customers will be eligible for a
comprehensive home audit at a cost of $150. Contractors will receive an additional $150
from UGI Gas for audits they perform. UG] Gas will then offer customers an incentive based
on the list of recommended measures from the audit. The incentives were designed to be
higher and more comprehensive than what customers could receive through the RP
Program. The list of measures and incentives is provided in Section 3.4.3.

The NR Program will have a broader launch in January of 2018 and be managed in-house by
the UGI Gas Energy Efficiency Staff.
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3 PROGRAM RESULTS

3.1 Residential Prescriptive Program
{Rate Classes R/RT, N/NT)

3.1.1 Program Description

The RP program is designed to overcome market barriers to energy efficient space and water
heating equipment in the residential sector through rebates and customer awareness. The objective
of the program is to avoid lost opportunities by encouraging consumers to install the most efficient
gas heating technologies available when replacing older, less efficient equipment. The program also
aims to strengthen UGI Gas’s relationship with heating, ventilation and air conditioning (HVAC)
contractors, suppliers, and other trade allies.

3.1.2 Program Highlights
The RP Program spent $1,448,148 in PY1, of which $1,171,100 were customer incentives. The

Program provided first year gas savings of 26,872 MMBtus, 225% of plan projections. The Program
provided lifetime gas savings of 512,870 MMBtus, 231% of plan projections. Under the TRC Test,
including DRIPE and CQ,, the RP Program provided $1.9 million in present value of net benefits
(20158) with a BCR of 1.85. Without DRIPE or CO,, the RP Program provided $1.2 million in present
value of net benefits (20155) with a BCR of 1.52

In July 2016, a request for proposal (RFP) was put out to all Conservation Service Providers (CSPs)
registered with the PA PUC, requesting rebate processing service proposals for the newly developed
UG! Gas prescriptive rebate programs. In October 2016, UGI Gas hired Energy Federation, Inc. (EFI)
to process rebates, provide customer service and quality assurance inspections. The program
implementation process took place from October through December 2016. During this time, the
procedures and verification protocols were put into place, the rebate applications were developed
and the inspection protocols were established. The final piece of the implementation was the
completion of the online application portal, which gives customers real time rebate tracking. On
January 1, 2017, the RP Program officially launched.

The RP Program saw participation increase each month throughout PY1. The customer participation
increases went hand in hand with contractor participation as program buy-in continued to show
growth and the Program exceeded its first year participation and savings targets by a significant
margin. In total, 1,892 customers participated in the RP Program in PY1 - some of them receiving
more than one rebate. For example, customers installing heating equipment may have also chosen
to install a Wi-Fi thermostat. Below is a chart that highlights rebates issued by equipment type.
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Table 15. RP Participation

Equipment Rebates Issued
Wi-Fi Thermostat 1,530
ENERGY STAR Furnace 1,062
94+ AFUE Combi-Boiler 188
ENERGY STAR Tankless Water Heater 137
94+ AFUE Boiler 64
Total 2,981

3.1.2.1 Marketing Activity

Marketing activity began in November 2016 with an announcement on upcoming programs to local
HVAC contractors in each region. informational overview sessions were held in Harrisburg,
Lancaster, Bethlehem and Reading and were attended by approximately 60 different HVAC
Companies.

In addition to the contractor overview sessions, press releases were issued and an article was
published in UGI’s December issue of First Line. First Line is a monthly UGI publication provided to
each member of the Pennsyivania General Assembly and the Pennsylvania Governor’s office as well
as the PA Congressional delegation, so that legislators may pass the information on to their
constituents. Multiple newspapers across the region picked up the article, further broadening the
customer reach.

Program marketing also included monthly bill inserts and radio advertising which aired during drive
times throughout the region’s most prominent radio stations. The announcements were focused on
educating customers on the various energy efficiency options available, along with energy saving
tips.

The majority of the marketing focus for the RP Program was spent on digital advertising. The
website, www.ugi.com/savesmart was redesigned to include all of the new gas program offerings.

The website included easy to follow navigation for either paper or online rebate applications.
Additional digital advertising included various social media channels and google key word searches.
UGI’s social media team regularly promoted the RP Program while leveraging platforms such as
Facebook, Instagram, Twitter and Pinterest.

3.1.2.2 Inspection Activity

EFl, the CSP responsible for processing rebates, has also been retained to provide inspections on a
subset of applications. The purpose of these inspections is to confirm that the equipment on the
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rebate application matches the equipment that has been installed in the customer’s home. Payment
of the rebate is withheld from applications flagged for inspection until such activity has been
completed. In PY1, 94 inspections were performed, with only six inspections failing. Of the six failed
inspections, five were for eligible equipment, but they had model numbers that did not match
application information. These model numbers were updated and the rebates were issued to
customers.

3.1.2.3 Evaluation Activity
A program evaluator will be hired in 2018 to perform an impact evaluation on the RP Program.

3.1.3 Program Updates
Beginning January 1, 2018, the qualification for a Wi-Fi Thermostat rebate will be updated from any

internet connected thermostat to only Wi-Fi Thermostats that are ENERGY STAR Certified. In
working closely with the Regional Representatives from the U.S. Environmental Protection Agency;,
it has been determined that in January 2018, there will be at least eight ENERGY STAR Certified Wi-Fi
Thermostats available on the market. Given this information, UGI Gas feels that customers will have
sufficient product offerings, thus, the RP Program will require ENERGY STAR Certification for all Wi-
Fi Thermostats.

3.1.4 Residential Prescriptive Program Results

Table 16. PROGRAM COSTS
Component (Nominal $) PY1 - Actual | PY1 - Projected %
Direct Utility Costs $1,448,148 $691,638 209%
Customer Incentives $1,171,100 $471,396 248%
Administration $84,894 $108,189 78%
Marketing $185,138 $95,631 194%
Inspections $7,015 $16,422 43%
Evaluations $0 $0
moremental Participant $1,156,114 $494,391 234%
osts
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Table 17. PROGRAM SAVINGS

Type PY1 - Actual | PY1 - Projected %
Natural Gas (MMBtus)

Annual 26,872 11,969 225%

Lifetime 512,870 222,047 231%
Electric Energy (MWh)

Annual 507.0 248.3 204%

Lifetime 9,836.4 4,819.1 204%
Capacity Savings (MW) 0.111 0.055 204%
Water Savings (Million Gal)

Annual 0 0

Lifetime 0 0

Table 18. PROGRAM COST-EFFECTIVENESS (BASE CASE + DRIPE &

CQ,)

Benefits/Cost Component

(2015%) PY1 | Inception to Date
TRC NPV Benefits $4,167,589 $4,167,589
TRC NPV Costs $2,257,330 $2,257,330
TRC Net Benefits $1,910,258 $1,910,258
TRC Benefit/Cost Ratio 1.85 1.85

Table 19. PROGRAM COST-EFFECTIVENESS (BASE

CASE)
Benefits/Cost Component

(2015%) PY1 | Inception to Date
TRC NPV Benefits $3,424,726 $3,424,726
TRC NPV Costs $2,257,330 $2,257,330
TRC Net Benefits $1,167,395 $1,167,395
TRC Benefit/Cost Ratio 1.52 1.52
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3.2 Nonresidential Prescriptive Program
(Rate Classes R/RT, N/NT)

3.2.1 Program Description
The Nonresidential Prescriptive (NP) Program is designed to overcome market barriers to energy

efficient equipment in the small business and commercial sector through rebates and customer
outreach. The objective of the program is to encourage business owners to install the most efficient
gas heating technologies available to replace older, less efficient equipment. The program also aims
to strengthen UGI Gas’s relationship with HVAC contractors, suppliers, and other trade allies.

3.2.2 Program Highlights
The NP Program spent $108,419 in PY1, of which $31,712 were customer incentives. The Program

provided first year gas savings of 3,216 MMBtus, 115% of plan projections. The Program provided
lifetime gas savings of 64,325 MMBtus, 139% of plan projections. Under the TRC Test, including
DRIPE and CO,, the NP Program provided $338 thousand in present value of net benefits (2015}
with a BCR of 4.19. Without factoring in DRIPE or CO,, the RP Program provided $269 thousand in
present value of net benefits (20155) with a BCR of 3.54.

In late July 2016, an RFP was put out to all CSPs registered with the PA PUC, requesting rebate
processing service proposals for the newly developed UGI Gas prescriptive rebate programs. In
October 2016, UGI Gas hired Energy Federation, Inc. (EF1} to process rebates, provide customer
service and quality assurance inspections for the UGI Gas prescriptive rebate programs. The
program implementation process took place from October through December, 2016. During this
time, the program designs were put into place, the rebate applications were developed, and the
inspection protocols were established. The final piece of the implementation was the completion of
the online application, which gives customers real time rebate tracking. On January 1, 2017, the NP
Program was officially launched.

The program got off to a slow start, as can be expected with nonresidential programs. However, the
NP program saw participation increase with key projects at churches, non-profit organizations and
small businesses. Six customers participated in the NP Program in FY 2017. Below is a chart that
outlines those customer’s participation by equipment type.

Table 20. NP Participation

Equipment Rebates Issued
Steam Trap 15 — 74 PSI 24
90+ Et Commercial Boiler 5
ENERGY STAR Commercial Water Heater 4
Total 33
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3.2.2.1 Marketing Activity
Marketing activity for the NP program was conducted in conjunction with the marketing activity for
the RP program, including contractor outreach, along with bill inserts, digital and radio advertising.

In addition, the NP program marketed specifically toward non-profit organizations and places of
worship. These customers are often overlooked due to a perceived lack of funding. In reality, these
customers might benefit from EE&C programs by reducing their overhead through bill reduction,
which provides more direct service to their respective causes. In PY1, the NP program provided two
large and efficient commercial boiler rebates to St. Patrick’s Cathedral and St. Lawrence chapel, both
within the Cathedral Parish of Saint Patrick in Harrisburg, Pennsylvania. A press release was
developed, highlighting these projects in order to reach out directly to this market.

Another market that was directly targeted was the commercial kitchen industry. In order to better
reach this community, UGl has enhanced its membership with the Pennsylvania Restaurant and
Lodging Association (PRLA). The NP Program was featured in their monthly circulation, titled Quick
Bites, which informed PRLA members of the various rebates available through the NP Program.

3.2.2.2 Inspection Activity

EFI, the CSP responsible for processing rebates has also been retained to provide inspections on a
subset of applications. The purpose of these inspections is to confirm that the equipment on the
rebate application matches the equipment that has been installed in the customer’s business.
Payment of the rebate is withheld from applications flagged for inspection until such activity has
been completed. In PY1, inspections were performed on the majority of rebates, with two
inspections initially failing due to an invoice model number error. Subsequently, the inspections
were corrected and the rebates were approved.

3.2.2.3 Evaluation Activity
A program evaluator will be hired in 2018 to perform an impact evaluation on the NP Program.

3.2.3 Program Updates
Beginning January 1, 2018, the standard for a qualifying commercial boiler will be increased to

require ENERGY STAR Certification. The NP Program currently offers an incentive of $2/MBH for an
85% efficient commercial boiler and offers the same per MBH rebate with a $2,000 bonus for a 90%
or greater efficient commercial boiler. With the increased qualifying standard of ENERGY STAR
Certified, the 85% efficient level of incentive will be removed. An ENERGY STAR Certified
commercial boiler will have a base incentive level of 52,000 plus an additional $2/MBH of capacity.
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3.2.4 Nonresidential Prescriptive Program Results

Table 21. PROGRAM COSTS

Component (Nominal! $) PY1 - Actual | PY1 - Projected %
Direct Utility Costs $108,419 $241,494 45%
Customer Incentives $31,712 $60,856 52%
Administration $6,402 $96,597 7%
Marketing $69,731 $77,278 90%
Inspections $575 $6,762 9%
Evaluations $0 $0
Incremental Participant Costs $13,936 $82,530 17%
Table 22. PROGRAM SAVINGS
Type PY1 - Actual | PY1 - Projected %
Natural Gas (MMBtus)
Annual 3,216 2,800 115%
Lifetime 64,325 46,161 139%
Electric Energy (MWh)
Annual 0.0 0.0
Lifetime 0.0 0.0
Capacity Savings (MW) 0.000 0.000
Water Savings (Million Gal)
Annual 0 573,340 0%
Lifetime 0 3,440,040 0%

Table 23. PROGRAM COST-EFFECTIVENESS (BASE CASE + DRIPE &

COy)

Benefits/Cost Component

{2015%) PY1 | Inception to Date
TRC NPV Benefits $443 933 $443,933
TRC NPV Costs $106,056 $106,056
TRC Net Benefits $337,877 $337,877
TRC Benefit/Cost Ratio 419 4.19
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Table 24. PROGRAM COST-EFFECTIVENESS (BASE CASE)
Benefits/Cost Component

(2015%) PY1 | Inception to Date
TRC NPV Benefits $375,326 $375,326
TRC NPV Costs $106,056 $106,056
TRC Net Benefits $269,270 $269,270
TRC Benefit/Cost Ratio 3.54 3.54
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3.3 New Construction Program
(Rate Classes R/RT, N/NT)

3.3.1 Program Description
The NC Program is designed to overcome market barriers to energy efficient space and water

heating equipment, as well as high efficiency thermal envelopes, in both the residential and
nonresidential new construction sector through rebates offered to buiiders and developers. The
objective of the program is to avoid lost opportunities by encouraging builders and developers to
install the most efficient gas heating technologies available instead of less efficient baseline
equipment, as well as promote thermal envelope best practices. The program also aims to
strengthen UGI Gas's relationship with architects, builders, HVAC contractors, suppliers, and other
trade allies. The NC Program will be launched on January 1, 2018.

3.3.2 Program Highlights
In May, 2017, an RFP was released to all CSPs registered with the PA PUC. UGI hired Performance

Systems Development {PSD) as the program implementer for the Residential New Construction
(RNC) and Residential Retrofit (RR) Programs. In PY1, $6,047 was spent on administrative activities
leading up to the launch. Program administration, incentives and marketing expenses will ramp up
in PY2. Due to the minimal volume of projects anticipated in the nonresidential new construction
market, the nonresidential component of the NC program will be managed by UGI EE&C Staff.

3.3.2.1 Marketing Activity

In 2018, marketing will be conducted through established builders and HERS raters that have been
participants in the programs mandated for large electric distribution companies (EDCs) by Act 129 of
2008, P.L. 1592 (Act 129). The marketing plan for 2018 also includes outreach to various Home
Builder Associations to educate this audience on the availability of this program. Finally, the
marketing plan includes energy efficiency signage for homes that have been incentivized through
the program. These signs will outline the energy efficient features of a UGI Gas Save Smart New
Home.

3.3.2.2 Inspection Activity
There was no inspection activity in PY1 for the NC Program.

3.3.2.3 Evaluation Activity
There was no evaluation activity in PY1 for the NC Program.

3.3.3 Program Updates
For the residential new construction track, the Program will require builders to work with a HERS

rater on their home. An incentive of $20 per annual MMBTU saved will be paid to a new home,
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heated with natural gas, that achieves savings of 30% over code or greater. A $30 per annual
MMBTU incentive will be paid to homes that achieve savings of 30% over code and also achieve
ENERGY STAR Certification. The increase in incentive is designed to move the market towards more
homes being ENERGY STAR Certified and leverage the HERS rating approach taken by the EDCs

under their Act 129 new construction programs.

3.3.4 New Construction Program Results

Table 25. PROGRAM COSTS
Component (Nominal $) PY1 - Actual | PY1 - Projected %
Direct Utility Costs $6,047 $130,407 5%
Customer Incentives $0 $0
Administration $6,047 $82,108 7%
Marketing $0 $48,299 0%
Inspections $0 $0
Evaluations $0 $0
Incremental Participant Costs $0 $0
Table 26. PROGRAM SAVINGS
Type PY1 - Actual | PY1 - Projected %
Natural Gas (MMBtus)
Annual 0 0
Lifetime 0 0
Electric Energy (MWh)
Annual 0.0 0.0
Lifetime 0.0 0.0
Capacity Savings (MW) 0.000 0.000
Water Savings (Million Gal)
Annual 0 0
Lifetime 0 0
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Table 27. PROGRAM COST-EFFECTIVENESS (BASE CASE + DRIPE &

CO,)

Benefits/Cost Component

(2015%) PY1 | Inception to Date
TRC NPV Benefits $0 $0
TRC NPV Costs $5,241 $5,241
TRC Net Benefits -$5,241 -$5,241
TRC Benefit/Cost Ratio 0.00 0.00

Table 28. PROGRAM COST-EFFECTIVENESS (BASE CASE)

Benefits/Cost Component

(2015$) PY1 | Inception to Date
TRC NPV Benefits $0 $0
TRC NPV Costs $5,241 $5,241
TRC Net Benefits -$5,241 -$5,241
TRC Benefit/Cost Ratio 0.00 0.00
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3.4 Residential Retrofit Program
{Rate Class R/RT)

3.4.1 Program Description

The RR Program is designed to overcome market barriers to energy efficiency in the existing
residential sector through rebates offered either to customers undergoing a retrofit project or to
their installation contractor(s). The program encourages improvements to the thermal envelope of
the structure, particularly reductions in building air leakage and increases in insulation levels, as well
as installation of the most efficient gas heating technologies. The program also aims to strengthen
UGI Gas's relationship with HVAC contractors, suppliers, and other trade allies. The Residential
Retrofit Program will launch on January 1, 2018

3.4.2 Program Highlights
In May, 2017, an RFP was released to all CSPs registered with the PA PUC. UGI hired Performance

Systems Development (PSD) as the program implementer for the Residential Retrofit (RR) Program.
In PY1, $19,814 was spent on administrative activities leading up to the launch. Program
administration, incentives and marketing expenses will ramp up in PY2

3.4.2.1 Marketing Activity
No marketing activity was conducted in PY1 for the RR Program.

3.4.2.2 Inspection Activity
There was no inspection activity in PY1 for the RR Program.

3.4.2.3 Evaluation Activity
There was no evaluation activity in PY1 for the RR Program.

3.4.3 Program Updates
The RR Program will incentivize customers to have a full diagnostic Building Performance Institute,

inc. (BPI) level energy audit completed on their home. The customer charge for this audit, from the
contractor, will be $150. In addition to the $150 from the customer, the contractor will receive a
$150 payment from UGI for each audit completed.

As a result of the audit findings, all cost effective measures will be presented to the customer in the
form of a report with corresponding incentive levels. After the completion of a job, the customer
will have a test-out audit performed by the contractor and a rebate will be issued for the measures
that were installed. The list of efficiency measures and incentives are listed below.
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Table 29. RESIDENTIAL RETROFIT INCENTIVE SCHEDULE

Roof/Ceiling Insulation

Wall Insulation

Duct Insulation

Duct Sealing

Wi-Fi Thermostat Installation
Low-Flow Fixtures

Efficient Water Heater
Water Heater Pipe Insulation

Tank Temperature Turn-Down

Improvement Type Incentive to Customer
Efficient Space Heating System $500 - $1,800

Heating Pipe Insulation S5 - 515 per ft.

Air Infiltration Reduction $150 - $500

$0.35 - $2 per sq. ft.
$0.30 - $1.50 per sq. ft.

S5 per ft.
$75 - 5300
$100
$5-530
$300 - 5400
$15 per ft.
$5

3.4.4 Residential Retrofit Program Results

Table 30. PROGRAM COSTS

Component (Nominal $) PY1 - Actual | PY1 - Projected %

Direct Utility Costs $19,814 $193,195 10%
Customer Incentives $0 $0
Administration $19,814 $144 896 14%
Marketing $0 $48,299 0%
Inspections $0 $0
Evaluations $0 $0

Incremental Participant Costs $0 $0
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Table 31. PROGRAM SAVINGS

Type PY1 - Actual | PY1 - Projected %
Natural Gas (MMBtus)
Annual 0 0]
Lifetime 0 0
Electric Energy (MWh)
Annual 0.0 0.0
Lifetime 0.0 0.0
Capacity Savings (MW) 0.000 0.000
Water Savings (Million Gal)
Annual 0 0
Lifetime 0 0

Table 32. PROGRAM COST-EFFECTIVENESS (BASE CASE + DRIPE &

CO,)

Benefits/Cost Component

(2015%) PY1 | Inception to Date
TRC NPV Benefits $0 $0
TRC NPV Costs $17,175 $17,175
TRC Net Benefits -$17,175 -$17,175
TRC Benefit/Cost Ratio 0.00 0.00

Table 33. PROGRAM COST-EFFECTIVENESS (BASE CASE)

Benefits/Cost Component

(2015%) PY1 | Inception to Date
TRC NPV Benefits $0 30
TRC NPV Costs $17,175 $17,175
TRC Net Benefits -$17,175 -$17,175
TRC Benefit/Cost Ratio 0.00 0.00
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3.5 Nonresidential Retrofit Program
(Rate Classes N/NT and R/RT as part of multi-family projects)

3.5.1 Program Description

The NR Program will provide incentives for overcoming market barriers for natural gas efficiency
retrofits in existing commercial and multi-family buildings. The NR Program will launch fully on
January 1, 2018.

3.5.2 Program Highlights
The NR Program spent $51,030 in PY1, of which $51,000 were customer incentives. The Program

provided first year gas savings of 2,573 MMBtus and lifetime gas savings of 50,720 MMBtus. Under
the TRC Test, including DRIPE and CO,, the NR Program provided $150,000 in present value of net
benefits (2015S) with a BCR of 2.38. Without DRIPE or CO,, the NR Program provided $96,000 in
present value of net benefits (20155) with a BCR of 1.88.

While the NR Program was not anticipated to launch until PY2, an opportunity was identified for a
pilot project with UG| Gas customer Classic Drycleaners that would serve as an example of the types
of projects available to nonresidential customers. After enlisting support from an energy
engineering firm, UG] Gas provided the customer with an initial incentive to perform a
comprehensive energy audit and an incentive based on the recommended measures from the audit.
In total, the audit identified cost-effective opportunities to install new gas commercial dryers, dry
cleaning machines, and steam pipe insulation, all of which the customer installed and an incentive
was provided. The project was so successful that it was awarded the Small Business Project of the
Year Award by the Central Pennsylvania Chapter of the U.S. Green Building Council.

3.5.2.1 Marketing Activity

No marketing activity was conducted during FY 2017. Marketing for the NR program will kick off in
PY2. While the full marketing plan is not yet developed, the same methods used to market the NP
program will be utilized for the NR program. Those methods will include, but not be limited to,
digital advertising and contractor outreach.

3.5.2.2 Inspection Activity
The NR project that was completed in PY1 was inspected at multiple phases by UGI Gas staff to
ensure that the project met agreed upon expectations.

3.5.2.3 Evaluation Activity
There was no evaluation activity in PY1 for the NR Program.
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3.5.3 Program Updates
The NR Program will launch fully on January 1, 2018. Due to the minimal volume of projects

anticipated for the NR Program, this program will be managed by UGI EE&C Staff. Each project that
is processed through the NR program will be inspected by a Certified Energy Manager (CEM} UG!
EE&C staff member. Additionally, UGI Gas will leverage a network of energy engineering companies
to assist as needed with customer audits, data verification and energy modeling.

3.5.4 Nonresidential Retrofit Program Results

Table 34. PROGRAM COSTS
Component (Nominal §) PY1 - Actual | PY1 - Projected %
Direct Utility Costs $51,030 $96,597 53%
Customer Incentives $51,000 $0
Administration $30 $48,299 0%
Marketing $0 $48,299 0%
Inspections $0 30
Evaluations $0 $0
Incremental Participant Costs $73,822 $0
Table 35. PROGRAM SAVINGS
Type PY1 - Actual | PY1 - Projected %
Natural Gas {(MMBtus)
Annual 2,573 0
Lifetime 50,720 0
Electric Energy (MWh)
Annual 0.0 0.0
Lifetime 0.0 0.0
Capacity Savings (MW) 0.000 0.000
Water Savings (Million Gal)
Annual 0 0
Lifetime 0 0

29| Page




Table 36. PROGRAM COST-EFFECTIVENESS (BASE CASE + DRIPE &

CO,)

Benefits/Cost Component

(2015%) PY1 Inception to Date
TRC NPV Benefits $257,883 $257,883
TRC NPV Costs $108,220 $108,220
TRC Net Benefits $149 664 $149,664
TRC Benefit/Cost Ratio 2.38 2.38

Table 37. PROGRAM COST-EFFECTIVENESS (BASE CASE)

Benefits/Cost Component

(2015%) PY1 | Inception to Date
TRC NPV Benefits $203,788 $203,788
TRC NPV Costs $108,220 $108,220
TRC Net Benefits $95,568 $95,568
TRC Benefit/Cost Ratio 1.88 1.88
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3.6 Behavior and Education
(Rate Class R/RT)

3.6.1 Program Description

The objective of the BE program is to motivate a large group of residential customers to save energy
by changing their behavior through education, outreach, and energy monitoring. The premise is that
the delivery of timely, salient, and personalized information allows for informed decision-making.
Small changes with noticeable results pave the way for wider program participation and increased
future savings.

3.6.2 Program Highlights

The BE program is scheduled to launch October, 2018 assuming a CSP has been identified and all the
necessary IT system requirements have been established. No activity took place in PY1. An RFP for
program implementers is anticipated to be released early in 2018.

3.6.2.1 Marketing Activity
There was no marketing activity for the BE program in PY1.

3.6.2.2 Inspection Activity
There was no inspection activity for the BE Program in PY1.

3.6.2.3 Evaluation Activity
There was no evaluation activity for the BE Program in PY1.

3.6.3 Program Updates
There are no updates for the BE Program at this time.

3.6.4 Behavior and Education Program Results
There were no costs or savings for the BE Program in PY1.
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3.7 Combined Heat and Power
(Rate Classes DS, LFD)

3.7.1 Program Description
The CHP Program seeks to promote the installation of cost-effective and net-primary-energy-saving
CHP projects and provide meaningful CO, emission reductions. A CHP plant produces electricity at a

commercial or industrial site while at the same time using the waste heat from the production of
the electricity to serve a thermal load. Net efficiencies come from the recovered heat that is
typically wasted in grid electricity production and avoided transmission and distribution losses from
delivering the electricity from the generator to the customer site.

3.7.2 Program Highlights

The CHP Program spent $6,776 on administrative and marketing costs in PY1, but no CHP projects
were completed. Each CHP project is run through a cost effectiveness test as part of the initial pre-
screening. Upon completion of each project, the final project costs are evaluated to determine the
final incentive level. One project has been pre-approved for PY2. Pending any major setback or

scope change, UGl Gas anticipates the first CHP incentive will be issued in PY2.

3.7.2.1 Marketing Activity
UGI will leverage case studies from prior successful CHP installations, along with customer outreach
via Relationship Managers who will educate customers on the potential benefits of CHP.

3.7.2.2 Inspection Activity
There was no inspection activity in PY1 for the CHP Program.

3.7.2.3 Evaoluation Activity
There was no evaluation activity in PY1 for the CHP Program.

3.7.3 Program Updates
There are no changes or updates to the CHP Program anticipated for PY2.
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3.7.4 Combined Heat and Power Program Results

Table 38. PROGRAM COSTS

Component (Nominal $) PY1 - Actual | PY1 - Projected %

Direct Utility Costs $6,776 $387,500 2%
Customer Incentives $0 $250,000 0%
Administration $1,955 $50,000 4%
Marketing $4,821 $65,000 7%
Inspections $0 $2,500 0%
Evaluations $0 $20,000 0%

Incremental Participant Costs $0 $8,287,582 0%

Table 39. PROGRAM SAVINGS

Type PY1 - Actual | PY1 - Projected %

Net Primary Fuel Savings (MMBtus
Annual 0 169,855 0%
Lifetime 0 2,547,828 0%

Table 40. PROGRAM COST-EFFECTIVENESS (BASE CASE + DRIPE &

CO,)

Benefits/Cost Component

(2015%) PY1 | Inception to Date
TRC NPV Benefits $0 $0
TRC NPV Costs $6,400 $6,400
TRC Net Benefits -$6,400 -$6,400
TRC Benefit/Cost Ratio 0.00 0.00

Table 41. PROGRAM COST-EFFECTIVENESS (BASE CASE)

Benefits/Cost Component

(2015%) PY1 | Inception to Date
TRC NPV Benefits $0 $0
TRC NPV Costs $6,400 $6,400
TRC Net Benefits -$6,400 -$6,400
TRC Benefit/Cost Ratio 0.00 0.00
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I. Residential Time of Replacement Market

A. Space Heating End Use

1) Efficient Space Heating System

Unigue Measure Code(s): 1D

Draft date: 12/14/15
Liftective date: TRD
ind date: TR

Measuse Deseription
This measure applies to residential-sized gas furnaces and boilers purchased at the time of natural replacement. A
qualifying fumace or boiler must meet minimum efficiency requirements {AFUE).

Definition of Baseline Cordition
The efficieney levels of the gas-fired furnaces or boilers that would have been purchased absent this or unother DSM
program are shown in the following table.

Equipment T'ype

Baseline AFUE

Gas Furnace

80%

Gas Boiler

80%

Definition of Efficient Condition

The installed gas furnace or hoiler must have an AFUE greater than that shown in the table below. Efficient mode!

minimum ATUE rcquircmcms are detailed below.,

F.quipment T'ype

Mirimum AFUE

Gas Fumace 93%,
Gas Furnace with ECM Fan G359,
Gas Botler G4%

Gas Saviags Algorithms

MMBItu savings are realized duc to the increase in AFUE of the new equipment. MMB1u savings sary by equipment
type due to differences in model specific bascline AFULE and high efficiency AFUE percentages. Savings are
caleulated fron the baseline new unit to the installed elficient unit.

Capacity 1 1
Annual Gas Savings (MMBtu) = Pl 00())0"‘ X (AFUE ~ AFUE ) X EFLHyea
’ >puse “Uhpyy

Where:
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Capacityou = Qutput capacity of equipment to be installed (kBtu/hr)

1,000 = Conversion from kBtu to MMBtu

AFUEpac = Efficiency of new baseline equipment (Annual Fuel Utilization Efficiency)
AFUEgg = Efficiency of new equipment

EFLHpen = quivalent Full Load Heating Hours (846 hours lor furnaces, 990 for boilers)’

Electric Savings Algorithms

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

Energy Savings
AKWh =446 kWh

Demand Savings
AKW =105 kW

Gross customer annual kWh savings for the measure. Bused on Act 129
TRM 311 kWh heating season plus 135 kWh cooling season.

Gross customer summer load kW savings for the measure, Based on Act
129 TRM.

AkWh

AkW =

Freeridership/Spiliover
Until studies have been performed 10 determine the free ridership and spillover, the values are assumed to be zero,

Equip t Type Frece Ridership Spillover

Gas Furnace 0% 0%

Gas Furnace with ECM Fan 0% %

Gas Boiler 0% 0%
Persistence

The persistence factor is assumed 10 be one.

Measure Lifetimes

Equipment Type Measure Lifetime
Gas l'urnaces 20
Gas Boilers 25

Source: Lifetime estimates used by Efficiency Vermont and PGW.

! EFL1 based on PGW 2014 evaluation by APPRISE. Adjusted by the ratio of HDD in UGI Gas tervitory relative to PGW
territory. For consistency, used the HDD (base 65) from the same source — PUC Act 129 TRM. UGI 1erritory represenied by the
average of Harrisburg and Allentown,
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Water Savings
There are no water savings for this measure,

2) WiFi Thermostat — ENERGY STAR®

2_) .t {Farmatted: Indent: Left: 0.31", No bullets or }
numbering
. Formatted: Heading 3,Heading 3 Char2
Unigue Measure Codegs): TBD Char,Heading 3 Char Charl Char,Heading 3
DraN date. 12714718 Char2 Char Char Char1,Heading 3 Char Charl
LifTective dute: TRD Char Char Char,Heading 3 Char2 Char Char
l;nd date: ’ TRD Char1 Char Char,Heading 3 Char Charl Char

Char Char Char Char,Heading 3 Char2 Char2,
Indent: Left: 0.31"

Measure Description
This is a WiFi 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 1s Wili enubled, ENERGY STARK certified and cun be programmed to
automatically inerease or lower the temperature setting at ditferent times of the duy and week.

Gas Savings Algorithms

| Annual Gas Savings (MMBtuw) = SH,,.. x 845% = (70.5 — 18.1) X B4&S% = 4.192:36 MMBtu
Where:
SHpe = Space Heat MMBUu gas usage with munual thermostat
| 843% = Percentage savings from Wili thermostat compared to manual thermostat’
705 = Typical UG Gas residential heating customer total gas usage in MMBtu
181 = Non-space-heat gas usage 1o typical residence.”

Electric Savings Algorithms

Ifihe type of air conditioning is known, then use the appropriate ajgorithm below. 1T the tvpe or existence of air-

conditioning ts not known, then asswme that 45% have air-conditioning and estimate the cooling savings as 43% of'a
. . e 3

house with central air conditioning,

Redueed fternace fan or boiler circulator pump usage is also likely 10 occur and provide electricity savings during
both the heating and coolimg seasons. but these auxiliary savings are not accounted lor in the following algorithms.

? Percent-savingstom-=Fiefey-Stvings-from-Henerwell Conneeted- Thetmuostats " Bebitviot- Erergy—and- Clinate Change
Conferenee 20 4 -lim-Stewnrt-Cadinos presentattanercent run time reduction reguired tot ENFRGY STARK certification
RGY STARKR Program Requirements For Connected Thermestat Products, p 10,

hps/wn w enerpystar pov/sites/defiult/liles assetidocument ENERG Y 20208 T AR 020Proyrant? o2 OR equirenientsa20tor? 520C
onnecied 620 Thermostns? 620 Version®e 20 1.0 xlf

* Non-space-Dicat usage assumption tiom UGI Gas data.

' Percenmage of houses with air-conditioning fiom UGH duta
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Encrgy Savings
AKWh = AkWhay, - AkWhicea

AkWha,, = Annual Gas Savings (MMBtu) x Auxiliary
AkWhcg = 0 kWh if house has no air conditioning
= AkWhgpc if house has central air conditioning
= () if house has room air conditioning
= 43% x AkWhg ¢ 1f no information about air conditioner
AkWheae = Single Family Detached = 37.9 kWh
Single Family Attached = 36.1 kWh
Multifamily = 34.8 kWh'

Deemed Savings:
AkWh = AkWh,, + AkWh, - (missing AC info) = 7.7 + 16.1 = 23.8kWh

AkWhy, = 1.53 % 5.02 = 7.7

AkWheae (missing AC info)} = 45% X AkWheac
= 45% x ((37.9 x 75%) + (361 x 11%) + (34.8 x 10%)) = 16.1

Demand Savings

AkW =0 kW

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

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

Equipment Type Free Ridership Spillover

Programmable Thermostat 0% 0%

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

WiFi Thermostat 11
Source: UGI Phase Il Electric Filing.

Water Savings

* UGI EE&C Plan Phase 11, Appendix A, page 100,
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B. Water Heating End Use

1) Tankless Water Heater

Unique Measure Code(s): TBD

Draft date: 12/44/135
Etfecuive date.  TBD
End date: TBD

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

Definition of Baseline Condition
The efficiency levels of the gas-lired stand-alone storage water heater that would have been purchased absent this or
another DSM program are shown in the following table.

Equipment Type Usage Draw Pattera Baseline UEF* bl [y [ Formatted Table ]
Gus Stand-alone Storage Waler Yery Small 0.27
Lieater
Gas Stand-glone Storage Water Low 0.52
Heater
Gas Stand-alone Storage Water Medium 058
Gas Stand-ylone Storage Water High Q.640:613° M { Formatted Table ]
Heater Gos-Swnd-glone Storage
Water Hepter
Baseline usage draw pattem is established by the capacity ol the installed tankless water heater, using the tble
below;
Daily Volume in
Usage Draw Pattern [ Max GPM Gallons (1) | Y ~-[Formatted: Font: Times New Roman ]
| | Very Small 0<GPM< 17 1 ~{ Formatted Table )|
low L7=GPM <28 38 { Formatted: Font: Times New Roman J
Medun 28 GEM <40 23 ' Formatted: Font: Italic )
I,li_@_ L Bl ((Formattea: Font: Times New Roman ]
["the tankless water heater capactty is not available, assume medium usage draw pattern
Formatted: Font: (Default) Times New Roman ]
Definition of Efficient Condition Formatted: Centered ]
‘The installed tankless water heater must huve an UEF greater than that shown in the wehle below. Eificient model Formatted: Font: Times New Roman ]
minimum )i requirements are detailed below, —
[?ormatted: Font: {Default) Times New RomanJ
A Formatted: Centered ]
| | Equipment Type Minimum UFF [Formatted: Font: Times New Roman ]
| Gas Tunkless Water | leater 0872 Formatted: Font: (Default) Times New Roman J

Formatted: Font: Times New Roman
Formatted: Centered

. . - . - : :'.i Formatted: Font: (Default) Times New Roman
“ Based on thy federal stundard for restdential vas- fired water heater as of June 2017 and assumed typical 40 gallon sioiape 3 (Default)
hnps /s ww law cornell eduielitest/100430.32 '.[ Formatted: Centered
k) . - - - 0 . - y
& -t statich 5 ea-{ired-witer hedteras-of-Jue Apri-He 20473 o .
-:4&-«9-% Hhu-federdstandand-forresidential was—tin eras-of-June A pril- 1620123 pnd-satttied- trpreshd0pathon [ Formatted: Font: Times New Roman
shofige:
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Gas Savings Algorithms

| The foltowing formula for gus savings is based on the DOL test procedure for water heaters?,

1
UEFguse  UEF

(

1

)xl’xpx% X 6741045 x 365

Annual Gas Savings (MMBtu) =

1,000,000

Unitorm Energy Factor of baseline water heater hased on usage drnw pattern

Daily votume of hot water usage in gallons See table in baseline section. I usage draw

67

Where:
UEFpuse =
UEFy = Uniform Energy Factor of etficignt water heater
4 =
puttern is unknown, assume medium (55 gallons/dav)
P Water density at 125°F (824 |h/galy
Cp specifie heat of water (1.00 Bu/lb °F)

ok temperature rise between mlet and outlet of water heater

365

1000000

By per MMBty

o

Electric Savings Algorithms
There are no electric savings from this measure.
Energy Savings

AkWh =0 kWh

Demand Savings
ARW =0 kW

Where:

EF e —=Energy-Factor-of-haseline-water-hegter—=0 613
by, =Enespv-laetor-ofeffcieni-wister-Jieater

AkWh = gross customer annual kWh savings for (he measure,

ARKW = gross customer summer load kW savings tor the measure.

Frecridership/Spillover

Until studies have been pertormed 1o determine the free ridership and spillover, the values are assumed 10 be zero.

Equipment Type Free Ridership Spillover
Tankless Water Heater 0% 0%

Persistence
The persistence factor is assumed 10 be one.

Measure Lifetimes

| 10 CER Appendis 1w Subpart 13 of Purt 430, Unitwim Test Method for Measyring the Fnergy Constnption of Watet Healers
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Equipment Tyvpe Measure Lifetime

Tankless Waler 1eater 20
Source: Energy Star Residential Water Tleaters: 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

Unigue Measure Code(s): 'TBD

Drafl date: 12/14/15
Lllective date:  TBD
End date: TBD

Measure Deseription

This measure applies 10 residential-sized combination boilers purchased at the time of natural replucement. These
are integrated boilers that provide hot water for space heating and on-demand damestic hot water und have minimal
or no hot water storage. A qualitying combination boiler (combi bailer) must meet minimum efficiency
requirements (AFUE).

Definition of Baseline Candition
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.

Equipment Type Baseline
Gas Boiler 801% AL
Gas DHW tank 0.615 157

Definition of Efficient Condition
The installed gas Furnace or boiler must have an AFUE greater than that shown in the table below. Efficiens modce}
minimum AYUE requirements are detaifed below,

Fquipment Type Minimum AFUE
Q4% AFULL
Gas Combi Boiler 0.94 I

Gas Savings Alporithms

MMBuiu savings are realized due ta the increase in AFUE of the new equipment. MMBLu savings vary by equipment
ype due to differences in model specific baseline AFUE and high efficiency AFUE percentages. Savings are
calculated [romy the baseline new unit 10 the installed etticient unit

“ Based on the lederal standard fo residential gas-lired wiver heater as of April 16, 2013 wnd assumed typical 40 gallon storage.
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Annual Gas Savings (MMBtu) = Annual Gas Savingssy + Annual Gas Savings,y

. Capacityo,, 1 1
Annual Gas Savingsgy = 1000 X AFUE, - AFUE,, x EFLHyom
' ase 3

Where:

Annual Gas Savingsyr = Space healing annual gas savings (MM Btu)

Annual Gas Savingsp: = Domestie Hot Waler annual gas savings (MMBtu)
Capacity gy = Quipul capacity of equipment io be installed (kBtwhr)
1.000 = Conversion from kBtu 10 MMBw
AFUC s = Efficiency of new baseline equipment (Annual Fuel Utilization Efficiency}
AFULgq = LEfticiency of new equipment
EFLI e = liquivalent Full Load Heating Hours (990 hours)*’

The following formula for DETW gas savings is based on the DOE tesl procedure for waler heaters,

(L— L) X 41,045 x 365
. _ EFB(TSC‘ E‘LEI’[
Annual Gas Savingspy = 1,000,000

Where.

I'TFrase = Energy Factor of bascline water heater = 0.615

IiFgr = Energy Factor of efticient combi boiler. Since the combi boiler has no or little storage.
standby losses are assumed o be negligible and the EF is assumed to be the same as the AFUE

Electric Savings Algorithms

Energy Savings
AKkWh = 0kWh

Demand Savings

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

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

Equipment Type I'ree Ridership Spillover

" Based on 2014 PGW APPRISE evaluation for boilers. Adjusted by the ratio of HDID in UGH Gas territory relative o PGW
territory.
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Gas Combi Boiler 0% 0%

Persistence
The persistence factor is assumed 1o be one,

Measure Lifetimes

Equipment Type Measure Lifetime

Gas Combi Boiler 20
Source: Same as lifetime estimate used for ankless water heater.

Water Savings
There are no water savings for this measure.

D.All End Uses

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

Drafl date: 12/14/15
Effective date:  TBD
£nd date: TBD

Measure Description
This measure applies to all residential time of replacement custom measures, not otherwise specitied in this TRM.

Definition of Baseline Condition
The baseline represents the typical equipment that is installed without a DSM program. The efficiency level 1s based
on the current Federal standards, or state and local building codes that are applicable.
Definition of Efficient Condition
The efficient measure is any equipment that uses less energy than the bascline equipment
(as Savings Algorithms
The generalized equation for a custom measure compares the bascline usage to the efficient usage.
Annual Gas Savings (MMBtu) = BaselineUse — Ef ficientUse
Where:

BaselineUse = The gas usage of baseline equipment or building,

Effictemlise = The gas usage of efficient equipment or building.

Electric Savings Algorithms
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Encrgy Savings
AKWh = BaselinekIUh - EfficientkWVh

Demand Savings
ARW = BaselinekW - EfficientkW

Where!
AkWh = Gross customer annual kWh savings for the measure.
ARKW = Gross customer summer foad kW suvings for the measure.
BaselinekWh = The clectric kWh usage of baseline equipment or building
EfficientkWh = The cleetric kWh usage of efficient equipment or building
Baselineklt” = The electric kW usage of baseline equipment or building.
Efficientk? = The electric kW usage ol efficient equipment or huilding.

Freeridership/Spiliover
Until sludies have heen performed lo determine the free ridership and spillover, the values are assumed 1o be zero.

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

The persistence factor is assumed to be one.

Measure Lifetimes
Where available. custom measure lifetimes should be based on similar measures defined elscwhere in this TRM.

Water Savings
The water savings are the difference between the baseline and elticient equipment annual water usage in gallons.

Il. Residential New Construction
A.All End Uses

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

Draft date: 12/14/15
Effective date:  TBD
End date: TBD

Measure Description
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This measure applies 1o all residential new construction custom measures, not otherwise specified in this TRM.

Definition of Baseline Condition

The baseline represents the typical equipment that is installed without a DSM program. The efficicncy level is based
on the current Federa!} standards, or state and local building codes that are applicable. This may also be referred to as
the reference home,

Definition of Efficient Condition

The efficient measure is any equipment that uses less energy than the baseline equipment. This may be demonstrated
by receiving a Home Energy Rating System (HERS) index score that is lower than the basefine or reference home
score.

Gas Savings Algorithms
The savings for residential new construction may be based on the HERS score as determined by accredited HERS
software such as REM/Rate. The sollware will need to produce separate natural pas savings by space heatin

domestic hot water, and appliances end uses.

The generalized equation for a custom measure(s) compares {he baseline usage to the efficient usage.

Annual Gas Savings (MMBtu) = Baselinel/se — Ef ficientUse
Where:

BaselineUse = The gas usage of baseline equipment or building.

EfficientUse = The gas usage of efficient equipment or building.

Electric Savings Algorithms

Energy Savings
AKWh = BaselinekWh - EfficientkWh

Demand Savings
AkW = BasclinekW - Lificientk¥

Where:
AKWh = Gross customer annual kWh savings lor the measure.
AKW = Gross customer summer load kW savings for the measure.
BaselinekWh = The electric kWh usage of baseline equipnicnt or building.
EfficiemtkWh = The electric kWh usage of efficient equipment or building.
BaselinekW = The electric kW usage of baseline equipment or building.
EfficientkW = The electric kW usage of efficient equipment or building.

Freeridership/Spillover
Until studies have been performed to determing the free ridership and spillover, the values are assumed to be zero.
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Equipment Type Free Ridership Spillover
Custom Measure 0% 0%
Persistence

The persistence factor is assumed to be one,

Measure Lifetimes

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

Where savings are stated a1 the end use level, lifetimes will be separately estimated by end use, based on averages

weighted by the estimated percentage savings contribution for each measure,

Water Savings

The water savings are the difference between the baseline and efficient equipment annual water usage in gallons.
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lll. Residential Retrofit Market {(Non-Low
lncome}

A. Space Heatinqg End Use

| 3)1) _ Efficient Space Heating System

Unique Measure Code(s): TBD

Draft date 1214715
LfTective date:  TBD
IEnd date: TBD

Measure Description
This measure applies (o residential-sized high-eMcieney gas furnaces and beoilers replacing an existing and
functioning furnace or boiler of lower efficiency.

Definition of Baseline Condition

The etficiency levels (AFUL) of existing and functioning gas-lired lumaces or boilers. If the manutacturer’s rated
ATUE is available use it in the savings caleulations, 11 the manulacturer’s rated AFUE is not availahle, then
calculale the existing heating system AFUL by multiplying the measured Steady State Efficiency by the appropriate
multipliers in the following table:

Distribution Type System Type Default Multiplier
Air Forced Air 1.0
Gravity Feed 0.8
Freestanding Heater 095
Floor Furnace 0.9
Wall Furnace 0.85
Water Force Circulation (high mass) 0.85
Force Circulation (low mass) 09
Gravity Feed (.85
Steam 0.75

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

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

Gas Savings Algorithms

MMBtu savings are realized due (o the increase in AFUL ol the new equipment. MM I3ty savimgs vary by equipment
tvpe due 1o differences in model-specific basehine AFUE and high efticiency AFUL percentages. Savings are
calculated from the baseline existing unit Lo the installed efficient unit.

AF‘UEM”)

Annual Gas Savings (MMBtu) = Heatingllse % (1 — AFUEp,,

Where:
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h

HeatngUse = Annual heating use (MMBtu/yr) from weather normulized usage analysis of customer
billing data from pre-treatment period. See deseription below. If the space heating
system measure is installed concurrently with shell measures such as added insulation
and air sealing and distribution measures such as duct sealing. duct insulation, and
heating pipe insulation, then the gas savings from the shell and distribution measures
should be subtracted froam the pre-retrofit heating usuge determined Irom the billing
data before caleunlating the savings for the space heating to prevent double counting

savings
ATUEp, =  Efficiency of existing baseline equipment { Annual Fuel Ulilization Efficiency)
ATFUEgy = Efficiency of new ¢(Ticient equipment

FHeating Use westher normatization methods (1eatinglUse):

Method |: Usc g linear regression model of use/day as a [unction of HDD63''/day 10 estimate heating slope
(MMbtuA1DDA3) und bascload daily use (MMBtu/day) ith-an-anpusHHDD63-6£5062 P10 calenlate annual heating

Method 2: Calcutate bascload (MMBiu/day) as the third lowest MMBiu/day bill for the analysis year. Then
calculate raw heating use as the sum of monthly bilied use minus the bascload * sum{monthly hill elapsed days).
| then calculate weather adjusied heating use as raw heating use * (58621 IDD63projecled/HDD63actual ).

Electric Savings Algorithms

Llectric energy savings result [rom efficient furnace fans (FCM) that may be included with efficient furnaces,
Flectrical savings from fan motor efficiency does not apply to boilers.

Energy Savings
AKWh =446 kWh

Demand Savings
AKW=0.105 kW
Where:
AKWh = Gross customer annual kWh savings for the measure, Based on Act 129 TRM 311
kWh heating season plus 135 kWh cooling season.

AKW = Gross customer summer load kW savings for the measure. Based on Act 129 TRM.

Freeridership/Spillover
Until studies haye been performed to deternine the free ridership and spillover, the vajues are assumed 1o be zero,

Equipmcnt Type Free Ridership Spillover

Gas Furnaee 0% 0%

! Heating degree days are calculated using base 63“F. which was selected. based on variable-base degiee day regressions of
bifling data from PGW's Conservation Works Pragram (CWP) participants over the past several years, Vhis value is higher (han
found for many non-low income populations in similar climates and likely 1eNlects the Tow efficiency of the low inconwe housing
stock and also the targeting of high users by CWP. ‘T'he use of this HDD base eliminates the need for the degtee day correction
Lactor lound in same similar caleulations that use HDDGS.

T hisvahie-of S062 4726 HDDOZ is the-tvernge fom-Rending-Frfor the venr December- 2012 through-December 204 6-fom

Bt wrven degteeduvs- st -
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Gas Furnace with ECM Fan 0% 0%
Gas Boiler 0% 0%
Persistence

The persistence tactor is assumed to be one.

Measure Lifetimes

Equipment T'ype Measure Lifetime
Gas Furnaces 20
Gias Boilers 25

Source: Lifetime estimates used by Efficiency Vermont and PGW,

Water Savings
There are no water savings jor this megsure.

l 4)3) _Infiltration Reduction

Unique Measure Code(s): TBD

Drafl date: 12714715
Eftective 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 butfering from any adjacent unit(s) by sealing the sources of leaks, while maintaining minimwm 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 10 the pre-treated house.

Gas Savings Algorithms

HDD, x 24 x (CFM50,,, — CFM50,,5)
(21.5 x AFUE x 1,000,000)

Annual Gas Savings (MMBtu) =

Where:
HDD,= Heating degree days at temperaiure t, where (=63°F if no programmable thermostat has
been installed and 1=62°T if a programmable thermostat has been installed. See the
Reference Tables section at the end of this document for projected HDD From

Degreedays-net-daia-tor-ReadingPA-from-December 2042 —December2015;
HDBDE3=5062 and HBDE2Z=-1834-

24 = hours/day

CFMS50,.= CIFMS0 of building shell leakage as measured by a blower door test before treatment.
CFM50p0q = CTFMS0 of building shell leakage as measured by a blower door test after trcatment.
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factor 10 convert CEFMS0 value to Btu/hrF heat loss rate. calculated from hourly
infiltration modeling"

AFUL = rated AFUE of heating system.  [1'no rating is available then use the method described in
the Elficient Space Heating System section lor caleulating the AFUE. The AFULE of
replacement equipment should be used 1f the heating system replacement precedes the air
seating work.

Efectric Savings Algorithms

It'the type of air conditioning is known. then use the appropriate algarithm below. 11 the type or existence of air-
conditioning is not known, then assume (hat 43% have air-conditioning and estimate the cooling savings as 43% of a
house with central air conditioning. "

Reduced lumace fan or boiler circulator pump usage is alse likely 10 oceur and provide electricity suvings during
both the heating and cooling scasons,

Energy Savings
AKWh = AkWhy, - AKWhen

AKWhy, = Annual Gas Savings (MMBtu) x Auxiliary

AKWheoq = 0 kWh if house has no air conditioning
= AkWha¢ 1f house has central air conditioning
= AKWhg ¢ 1 house has room air conditioning
=45% > AKWhgae 1 no information about air cenditioner

CDD X 24 » DUA X (CFM50,,, — CFM50,,4 )

(215 x SEEReac X 1000 )
CDD X 24 » DUA * Froum ac X (CFM50,,,0 — CFM50,.05()

— W
(21.5 X EERgac x 100047 )

AKWh e =

AW e =

Demand Savings

AKW = 0 kW if house has no air conditioning
= AkW e il house has central air conditioning
= AkWyg ¢ ifhouse has room air conditioning

1‘\kwh(",\(~ -

AKWeac - e
P CAL EFL o o
ARWhgae .-
AWgac e *CFpac

EFLI ot RAG
Where:

AKWh = gross customer annual kWh savings for the measure.

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

" An hourly infiltration was caleulated nsing a modified version of the LBL (a.h.a Shennan-Grimsrud) intiltration model with a
wind efteet modification (EPR1RP 2034-40. Palmiter and Bond [991) using Philadelphia TMY2 hourly weather data. This
analvsis result was then adjusted to account for an assumed party wall leakage [action of 12% and an estimated (0% thermal
regain (tom infilration/exfiliratiom. The resulting vilue ol 21.5 is consistent with statistical analvses of empincal data using
CIFMS0 vilues and actual gas use and savings flom CWF evaluations.

" Percemtage of houses with ait-condnioning from UG data,
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Auxiliary

CDD

DUA

SEERCAC

EFLH o0

EFLHzo01 rRac

FRoom AC

I8

= Healing systemn auxiliary usage per MMBTU consumption (5.02 From
Vermont Technical Reference Manual)

= Cooling Degree Days (Degrees F * Days). See the Reference Tables
section at the end of this document for projected COD.

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

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

= Average Energy Efficiency Ratio of existing room air conditioner
(Btu/Mhhr) (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 table below)

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

The detault values for each term are shown in the table below.

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

Term Type Value Source
DUA Fixed 075 OH TRM'"®
SEERcac Variable Default values: PUC Technical Reference Manual
Early Replacement = 10
Replace on Burnout = 13
Nameplate Contractor Data Gathering
EERgac Variable Default=9.8 DOE Federal Test Procedure 10 CFR 430,
Appendix F (Used in ES Calculator for baseling)
Nameplate Contractor Data Gathering
CFcac Fixed 0.70 PUC Technical Reference Manual
CFRrac Fixed 0.58 PUC Technica! Reference Manual
'S “State of Ohio Energy Efficiency Technical Reference Manual,” prepared for the Public Utilities Commission of Ghio by

Vermont Energy [nvesiment Corporation. August 6, 2010,

Decembe
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ferrg'» Type Value.:: ‘Source i )
Froom AC Fixed 0.38 Calculated™®
EFLH-CDD-and HOD by City
o " | EFLAa - | EFLHzdiric
‘Liocation . {Hoisrs)"” -(Hours)"™
UGI Gas Terri&)ry ] 519 161

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

Measure Free Ridership Spiflover
Intiliration Reduction 0% 0%
Persistence

The persistence factor 1s assumed to be one.

Measure Lifetimes

Measure Measure Lifetime

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

Water Savings
There are no walter savings for this measure.

5)4)  Roof and Cavity Insulation

Unique Measure Code(s): TBD

Draft date: 12/14/15
Effective date:  TBD
End dale: TBD

Measure Description
This involves increasing the insulation levels m either the attie or walls which direetly define the houndary between
the house or unit and the outdoors.

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

' FProm PECO baseline study. average home size = 2323 f°, average number of room AC units per home = 2.1, Average Room
AC capacity = 10,000 BiuH per ENERGY STAR Room AC Calculator, which serves 425 [* (average benween 00 and 450
for 10,000 BtuH unit pcr ENERGY STAR Room AC sizing chart). Fim ac = (423 % 2.1(2323 1) = 0.38

"TPA 2015 TRM Average ol Hanisburg and Allentown for CAC.

" PA 2015 TRM Average ol Harrisburg and Allentown for RAC.
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Definition of Ffficient Condition
Any increase in insulation will reduce energy consumption compared to the pre-treated house.

Gas Savings Algorithms

1 1
HDD, X 24 X AREA X( /RP'(’- /Rpml)

Annual Gas Savings (MMBtu) = (AFUE x 1,000,000

Where:
HDD, = lleating degree days at temperature 1, where 1=63°F if no programumable thermostat
has been installed and 1=62°F it a programmable thermostat has been installed ™, See
the Reference Tubles section at the end of this document for projected DD
24 = Hours per day
AREA = Netinsulated area in square feet, Estimated at 85% ol gross area for cavities.
Rpe = Rovalue of roof/cavily pre-treatment. Ry = 5 unless there 1s existing insulation.
Rpow = Rvalue of rool/ cavity after insulution is instalied.
AFUE = Rated AFUL of heating system. [ no rating is available then use the method

described in the Efficient Space Heating System section tor caleulating the AFUE.
The AFUE of replacement equipment should be used i the heating system
replacement precedes the air sealing work,

Flectric Savings Algorithms

Ifthe type of air conditioning is knawn, then vse the appropriate algorithm below. 1f the type or existence of air-
conditioning is not known. then assume that 45% have air-conditioning and estimate the cooling savings as 43% of a
house with central air conditioning.™

Reduced [umace fan or boiler circulator pump usage is also Jikely to occur and provide electricity savings during
both the heating und cooling seasons.

Energy Savings
AKWh = AKWhy,, - ARWhea

AWy, = Annual Gas Savings (MMBtu) x Auxiliary

ARWhegn 0 kWh if house has no air conditfoning

- AKWheae i1 hotise has central air conditioning

= AKWhy e 1 house has room air conditionmg

=45% » AkWhg,e 1 no information about air conditioner

Cnl)-y‘},‘l’v/nu/\ L
ARWheae —— |ARI;'A x (— )‘
SEERE 3¢ 1000 o Rpre Rpost

kW

z"—l-'wur[-)egbmhiyww data-tor Resding LA o o201 2 —Pevenles20§ 65 -HPIMHA=S062 4330 ppd-HIM62—
430083
*? Percentage of houses with air-conditioning tiom UGT dala
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ChD=24 (PTT\ “DUA ~Froqn ac
ELRyac - 1000

Demand Savings

ARW = O KW it house hus no air conditioning
= ARW ¢ i house has central air conditioning
= AkW ¢ it house has room air conditioning

)
Rpro Rposl

AW _ L\k“’h(’,\c CF
ARW e RETERT RS
AKWhgae
AkWyace = A Gl
EFLEH ot kac
Where:
AkWh = gross customer annual kWh savings for the measure.
ARW = gross customer sunmmer load KW savings for the measure.

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

CDD = Cooling Degree Days {Degrees F * Days)HDD See the Reference _..----{ Formatted: Font: (Default) Arial, 10 pt
Tables section at the end of this document for projected COD. .-~ [ Formatted: Font: (Defautt) Arial, 10 pt

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

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

EERpac = Average Energy Efficiency Ratio of existing room air conditioner
(BtuM=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)

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

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

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

units

The detauh vatues for cach term are shown in the table below,

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

| Term Type Value Source
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Term. Type value  “ ‘Source
DUA Fixed 075 OH TRM®'
SEERcac Variable Default values: PUC Technical Reference Manuat
Early Replacement = 10
Replace on Burnout = 13
Nameplate Contractor Data Gathering
EERgac Variable Default = 8.8 DOE Federal Test Procedure 10 CFR 430,
Appendix F (Used in ES Calculator for baseline)
Nameplate Contractor Data Gathering
CFeac Fixed 0.70 PUC Technical Reference Manual
CFarac Fixed 0.58 PUC Technical Reference Manual
FrroomAC Fixed 0.38 Calculated®
EFLH-GDD-and-HBD-by Gity
EFLHeoo EFLHoor ac
Location {Hours)® {Hours)*
UGI Gas Territory 519 161

Freeridership/Spillover

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

""""" [ Formatted Table

Measure

Free Ridership

Spillover

Insulation

0%

0%

Persistence

The persistence {actor is assumed to be one.

Measure Lifetimes

Measure Measure Lifetime

Roof Insulation

40

Cavity Insulation 40

Source: NYSERDA Tlome Performance with Energy Star.

*! “State of Ohio Energy Lfficiency Technical Reference Manual,™ prepared for the Public Utilitics Conunission of Ohio by

Venmont Energy lnvestment Corporation. August 6, 2010,

* From PECO baseline study, average home size = 2323 2, average number of room AC units per home = 2.1. Average Room
AC capacity = 10,000 BtuH per ENERGY STAR Room AC Calculator, which serves 425 ft? (average between 400 and 450 ft*

for 10,000 BruH unit per ENERGY STAR Room AC sizing chart). Frunac = (425 £ 2.1)(2323 iY) = 0.38
¥ PA 2015 TRM Average of Harrisburg and Allentown for CAC.
* PA 2015 TRM Average of Harrisburg and Allentown for RAC
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Water Savings
There are no water savings (or this measure.

6)5)___Programmable Thermostat

Unigtie Measure Code(s): THIY

Drufl date: 12/14/15
LElective date:  TRD
I:nd date: TRD

Measure Description
"This is a programmable thermostat controlling a residential-sized gas [urnace or boiler.

Definition of Baseline Condition
The buseline is « oanoal thermostat where cach temperature setting change requires human interventios.

Definition of Lifficient Condition
The etficient thermaostat is one that can be programmed to automatically increuse or Jower the temperature selting at
different times of the day and week.

Gas Savings Algorithms
Annual Gas Savings (MMBtu) = Heatinglise x (1 — 110Dy, = Heatingl/se X 0.04853
HDDyy g
Where:

Heatingllse = Annual heating use (MM BruAvr) from weather normalized usage analysis of customer
billing data trom the pre-treatment period {sce description under heating system
replacement). ) the programmable thermostat is installed cancurrently with shell
measures such as added insulation und air sealing. distribution megsures such as duct
sealing, duct insulation, and heating pipe insulation, and efficient space heatin,
svstem | then the gas savings irom the shell, distribution, and space heating system
meagsures should be subtracted tfrom the pre-retrofit heating usage delermined [rom
the billing data betore caleulating the savings for the programmable thermostat
Accounting tor the interactions between measures affecting the same end use prevents
double counting savings Hthermostaitesrure-trperfofned-ahershel-mesiuresof
the-pre-retrofit-leating-nse

HDD,: = 4834%

The annual beating degree days based on 62°F. representing the estimated balance
point lemperature of the home with the programmable (hermostat. See the Reference
Tables section at the end ol this document tor projected F1D0D

HDODe = &p62®

The annual heating degree days based on 63°1, representing the estimated balance
point temperature of the home without the progrommable thermostat. See the
Reference Tables section at the end of this document for projected HDD

: Frent-Pegreelar o Reading - PA-Becember-202— December 2405
i
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An analysis of variable base degree day billing data from PGW’s Conservation Works Program (CWP) has found an
average net reduction in balance point temperature of about |.0°T for thermostat installations. Multiple impact
evaluations have also found heating savings averaging about 5%-6% from thermostat installations. These two
findings arc consistent with cach other and indicate an estimated average impact based on employing the approach
from past CWP contractors to largeting customers and selecting homes 1o receive thermostats and the savings
opportunities and compliance rates achieved. The savings may not be accurate when applied to different
populations in different ways.

Electric Savings Algorithms

If the type of air conditioning is known, then use the appropriate algorithm below. if the type or existence of air-
conditioning is not known, then assume that 45% have air-conditioning and estimatc the cooling savings as 45% of a
house with central air conditioning.”

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

Energy Savings
ARKWh = AkWihp, - AkWheog

AkWha, = Annual Gas Savings (MMBtu) X Auxiliary

AkWhege = 0 kWh if house has no air conditioning
= AkWhca il house has central air conditioning
= 0 if house has room air conditioning
= 45% » AkWh¢ac if no information about air conditioner

AkWheae = Single Family Detached = 37.9 kWh

Single Family Attached = 36.1 kWh
Multifamity = 34.8 kWh*

Demand Savings

AKW =0 kW

Where:
AKkWh = gross customer annual kWh savings for the mcasure.
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 Spillever

Programmable Thermostat 0% 0%

*" percentage of houses with air-conditioning from UG data.
* UGT EE&C Plan Phase 11, Appendix A, page 100,
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Persistence

3
[

The persistence factor is assumed 1o be one.

Measure Lifetimes

Equipment Type

Measure Lifetime

Programmable Thermostat

Source: UG Phase 11 Electric Filing.

Water Savings

There are no water savings lor this measure.

7)6) _ Duct Work Insulation

Unique Measure Code(s): TBD
Draft date: 1214715

Lflecuve date: TBD
Lind date: TBD

Measure Description

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

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

Definition of Efficient Condition
The elticient condition is the duct with insulation instatled.

Water Savings Algorithms

This measure has no water savings associated with it

Natural Gas Savings Algorithms

Annual Gas Savings (MMBtu) = Length X

Where!

Length

| CEEY 1 N P
Ty

Thur
Heatloss{x)

ATUE

It

EFLHp  (Heatloss(Thy,,) ~ HeatLoss(Th.))

Number of linear feet of duct work insufated
IFquivalent full toad heating hours = 846
Thickness of base condition insulation (inches)

Thickness of efiicien condition insulation (inches)

24 x 365 AFUE x 1,000,000

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

Rated AFUE of heating system. 11 no rating is available then use the method

o cexe . . A . . . A
* From PGW Apprise evalnation for formaces adjusted to UG Gas territory based on relative 110D,
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described in the Efficient Space Heating System section for calculating the AFUE.
The AFUE of replacement equipment should be used if the heating system

replacement precedes the duct work insulation.

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

Insulation Heat Loss
Thickness {inches) {Btw/ft/yr)
Bare 1,120.000

0.25 339.500

0.5 205,300

0.75 190.700

1 128.300

1.5 93.970

2 74,370

25 61,620

3 52,650

3.5 45,990

4 40,830

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

Insulation Thickness Computer Program. The following assumptions were used.

ltem Description
Calculation Type
Geormetry Description
System Units

Bare Surface Emittance
Process Temperature

Ave. Ambient Temperature
Ave. Wind Speed

Relative Humidity

Dew Point

Condensation Control Thickness
Tiours Per Year

Quter Jucket Material
Quter Surface Emittance
Insulation Layer |

Duct Horiz Dimension
Duct Vert Dimension

bare duct

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

0.8

140 °r

41.8°F"

0 mph

N/A

N/A

N/A

2000"

Aluminum. oxidized, in service
0.1

Duct Wrap, 1.0 pound per cubic foot,
C1290,

12in.

§in.

™ Average winter temperature for Philadeiphia from “Cost Savings and Comfort for Existing Buildings™, 3rd Fdition, by John
Krigger, Saturn Resource Managemen. Page 255,

" Low end of 2,000 — 2,500 winter heating load howus fiom Air-conditioning and Refrigeration Institute.

hitp/www. waterfurnace.ca/lingineer/Misc%%620References/ AR 1%20C001ing%620& %20k feating%620Load%620 oursa20Map. pd{
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Electric Savings Algorithms
No eleetric savings are currently claimed for this measure,

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

Persistence
The persistence lactor is assumed (0 be one,

Measure |ifetimes
.y wge = Al
The measure lite is assumed to 18 ycnrs‘i

l 8)7) __ Heating Pipe Insulation

Unigue Measure Codegs): TBID

Draft date: 1214715
Liftective date: TBD
End dale; ™D

Mensure Description
This measure relates 1o 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 ne water savings associated with i,

Natural Gas Savings Algorithms

Heatloss(Thyyee) — HeutLoss(’l‘he,,))
AFUE x 1,000,000

Annual Gas Savings (MMBtw) = Length X Hya X

HDD x 24 4,033 x 24
iy - 59

“h‘cnl -

= 1,640

Where:

]

Length Number of Hinear teet of heating pipe insulated

Hear = tleating hwours for a propeely siced boiler. Used as an estimate of the haurs i which
the space-heating pipe would be hotter than the ambient temperature and would
therefore experience heat loss

Thwe = Thickness of base condition insulatton (inches)
They = Thickness of efficient condition insulation (inches)
Heatloss(x) = Tleat loss through pipe as a function of insuktion thickness x (Btw/ft /)

FNYSERDA Home Performance with Encegy Stan
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AFUE = Rated AFUE of heating system. 1f no rating is available then use the method
described in the Cfficient Space Heating System section for caleulating the AFUE.
The AFUE of replacement equipment should be used if the heating system
replacement precedes the pipe msulation.
HDD = Base 63° F Heating Degree Days, See the Reference Tables section at the end of this
docunient for projected HDD forReadingRA-=5.062"
D1 = Design temperature difference (assume from 11° T to 70° F for properly sized

boiler)* = 59° F

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

Insulation Steam Heat Loss | Hot Water Heat
Thickness (inches) (Btu/ft/hr) Loss (Btw/ft/hr)
Bare 201.4 7212
0.5 47.75 15.24
1.0 3115 11.2
L5 2409 8.67
2.0 20.28 7.51
25 17.98 6.42
30 1635 5.98
3.3 15.13 564
40 14.06 5.37
45 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 foilowing assumptions were used.

hem Description = steam piping
System Application = Pipe - Horizomal
Dimensional Standard = ASTM C 585 Rigid
Calculation Type = Heat Loss Per Hour Report
Process Temperature = 212
Ambient Temperature = 60
Wind Speed = 0O
Nominal Pipe Size = 2
Bare Metal = Copper
Bare Surface Emittance = 0.6
Insulation Layer i =  830F Mincral Fiber PIPE, Type I, C547-11
Quter Jacket Material = All Service Jacket
Outer Surface Emittance = 0.9
Item Description = hot water piping
System Application = Pipe - orizomal

¥ Boced-onD tav: Jata- for Reading_PA-from-D ber 2042 10 Decernber20165

11 degree design lc;llpclalllrc source; 5™ Edition Residential Energy, Cost Savings and Comfort for Existing Buildings. John

Krigger and Chris Dorsi, 2009. Saturn Resource Management. Appendix A-8. p. 280.
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Dimensional Standard
Caleulation Type
Process Temperature
Ambient Temperature
Wind Speed

Nominal Pipe Size
Bure Metal

Bare Surface Emittance
Insulation Layer 1
Outer Jucket Muterial
Quter Surface Emittance

ASTM C 585 Rigid

Heat Loss Per Hour Report
180

60

(}

0.75

Copper

0.6

Phenolic SHEETHTUBE, Type 111, C1126-11
All Service Jacket

0.9

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

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

Persistence
The persistence tactor is assumed to be one.

Measure Lifetimes
V] ix
The measure lite is assaumed to be 20 years ™,

| 9)8)  Duct Work Sealing

Unique Measure Code(s): T

Draft date: 12/14/15
Eftective date: TBD
End date: TBD

Measure Description

This measure provides estimates for stand-akone savings Jram sealing ducts in @ retrofit project and preventing
heated air from leaking into unconditioned spaces. In order (o verify suvings, u duct-lcakage test must be used (o
caleulate a reduction in CFM-25 readings or a pressure pan measurenment Lo determine a reduction in pascals.

Definition of Baseline Condition
T'he buseline condition is assumed 10 be a duet that has not been scated.

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

Walter Savings Algorithmy
This measure has no water suvings associated with it

* NYSERDA Home Performance with Energy Star
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Nataral Gas Savings Algorithms
Annual Gas Savings (MMBtu) = (CFMpre — CFMpost) x DSFgas
Where:

CFMpre = Reading from duct-blaster test at 25 pascals. before sealing performed
CFMpost = Reading trom duct-blaster test at 25 puscals. after sealing performed
CEMpre -CFMpost = Allernative Lo using a duct blaster is use a pressure pun 10 measure pascals. The
reduction in pascals can be used as an estimate to determine the reduction in
CFM 25, See the table below
DSFgas = Ductsealing factor for gas systems. 0.035 MMBus/CFM-235"

Repair made when duct runis Pressure Pan Reading Reduclion | Deemed CFM 25 Net Reduction | A..»--{Formatted: Font: Bold

outside conditioned space in Pascals (pa) (CFMpre _CFMposty, [ .. { Formatted: Font: Bold

Ounly caulking or mastic required to | 1 =2 pa 75

scal cither Supply pr RIETUR! .-+ { Formatted: Font: Bold, ltalic

ducts A A Rl

Patchiny of significant hole required | More than 2 pa 200

n SUPPLY pr RETURN or ‘_.---LFormatted: Font: Bold, Italic

reconnection ot disconnection
Patching of significant hole required | More than 2 pa 25

in SUPPLY gmd RETURN, of _.---- Formatted: Font: Bold, Italic

reconnection ot disconnection

Electric Savings Algorithms
Iileetric savings per 100 CFM-25 reduction:™
e L10.0 kWh in heating fan savings
® 1(a central air conditioner is present
o 1059 kWh from cooling
o (.23 kW summer peak demand savings

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

Persistence
The persistence lactor is assumed to be one.

Measure Lifetimes N
The meusure hifi is ussumed to 18 years™
| 30)9) High Efficiency Window

Unique Measure Code(s): TBD
Dratt date. 12/14/15

* Rased on 3.5 MMB1us savings per 100 CFM reduction for ducet seating from UKCL&P Program Savings Documentation -
2011, page 131
| ¥ CEM 25 leakage range from Residential Energy, 5th edition, John Krigger and Ghris Dorsi, p 89
FUICL&D Program Savigns Documentation, 2011, page 131
* Califoroia DEGR estimate
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Effective date: — TBD
End date: TBD

Measure Description

This involves installing a window with a U-fuctor less than a baseline window.

Definition of Baseline Condition
The baseline is the mimmum window required by code. TECC 2009 requires a U-factor of 0 33 or less.

Definition of Efficient Condition
An efficient window is any window exceeding Energy Star® requirements for U-factor of .32 or less.

Gas Savings Algorithms

Annual Gas Savings (MMBtu) =

Where:

1pp, =

24 =
AREA =
Upwe =

Y =

AYUE =

Electric Savings Algorithms

HDD, x 24 x AREA x (Upyee — Unsy)
(AFUE x 1,000,000)

Heating degree days at lemperature 1, where 1=63°F if no programmable thermostat
hay been installed and 1=62°F if a programmable thermostat has been installed._See
the Reference Tables section at the end ot this document for projected HDD.
Hours per day

Square feet of window arca.
U-factor of new baseline window, Upge = 0.35 based on 1ECC 2009,

U-tactor of efticient window:,

Rated AFUE of heating system. 11 no rating is available then use the method
described in the Efficient Space TTeating Systen section Jor caleulating the AFURLL
The AFUL of replacement equipment should be used if the heating svstem
replacement precedes the awr sealing work. Use default AFUL of 80% il actual AFUE
is not available.

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

.

conditioning js not known, then assume that 453% have air-conditioning and estimate the cooling savings as 45% of a
. " . P . 40
hause with ¢entral air conditioning.

Redueed lurpace [an or boiler

circulator pump usage is also likely to occur and provide electricity savings during

hoth the heating and coeling scasons.

Energy Savings

ARWh = AKWha, - AKWhegq
AKWhg,,, = Annual Gas Savings (MMBtu) x Auxiliary
AKWh g1 — 0 kWh if house has no air conditioning

= AkWheae if house has central air conditioning,
= AKkWhgc 11 house has room air conditioning

R
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= 45% x AKWhc, If no infonmation about air conditioner

CDDx24a% xDUA o
AkWheae i ——a lAREA X ( -—)]
SEERCA(_‘ * 1000 KW pre Dpost
hr .
CDDx24 - xDUAxFgoom ac L
AkWhgac = — W * [AREA b ( -R—)]
EERRAC x] ()O(lm pre post

Demand Savings

AKW =0 kW if house has no air conditioning
= AkWca ¢ if house has central air conditioning
= AkWgac 11 house has room air conditioning

AKW _ AkWheae CF
AkWeae = BFLH,,,  CFeac
AkWhg, e
AkWgac = ——————xCF
RAC EFLH oot rac “Chuuc

Where:
AkWh = gross customer annual kWh savings for the measure.
AkW = gross customer summer load kW savings for the measure,
Auxfliary = Heating system auxiliary usage per MMBTU consumption (5.02 From
Vermont Technical Reference Manual)

CDD = Cooling Degree Days (Degrees F * Days). See the Reference Tables .

section at the end of this document for projected CDD.HBE

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.

SEERGac = 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)

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

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

CFaac = Dernand Coincidence Factor for Room AC systems (See table below)

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

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

Froom ac = Adjustment factor to relate insulated area to area served by Room AC
units
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The default values for each term are shown in the table below,

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

Terny Tybe Value Source
DUA Fixed 0.75 OH TRM"'
SEER¢ac Variable Default values: PUC Technical Reference Manual

Early Replacement = 10

Replace on Burnout = 13

Nameplate Confractor Data Gathering
EERpac Variable Default = 9.8 DOE Federal Test Procedure 10 CFR 430,

Appendix F {Used in ES Calculator for baseling)

Nameplate Contractor Data Gathering
CFeac Fixed 0.70 PUC Technical Reference Manual
CFrac Fixed 0.58 PUC Technical Reference Manuat
Froom.ac Fixed 0.38 Calculated™

EFLH;-GBB-and HDB by City
EFLHcoq EFLHeo0t rac
\icatipn (Hours)® {Hotirs)* -
UGI Gas Territory 519 161

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

Mcasure Free Ridership Spillover

Window % 0%

Persistence
The persistence factor is assumed Lo be one,

Measore Lifetime

Measure Vifetime
30

Measure

| Window
Source' NREL Measure Database.

T eSiate of Ohio Inergy Efficieney Technical Reference Manual,” prepated for the Public Utilities Commission o’ Ohiu by
Veomont Energy Investment Corporation. August 6, 2010

 From PECO baseline study, average ome size = 2323 I, average number of room AC units per home = 2.1, Average Room
AC capacity = 10,000 Buil [ per ENERGY STAR Room AC Caleufator, which setves 425 fi? (average between 400 and 450 1t
for 10,000 Rl unit per ENERGY STAR Room AC sizing chart) Fron, ac = 1423 %2 2323/ =0.38

" PA 2015 TRM Average of Harrisburg and Allentown for CAC,

*HPA 2015 TRM Average of Harmsburg and Allentown for RAC

| December 184, 20178
UGI Gas

| Formatted Table




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

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

Unigue Meusure Code(s): TBD

Drafl date: 12/14/15
Effective date.  1'BD
End date: TRD

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

Definition of Baseline Condition
The baseline is the flow rale of the showerhead bemg replaced. [f this is not availuble o buseline value of 2.5 GPM
will be used.

Definition of Efficicnt Condition
The flow rate of (he etficient showerhead should be greater than the flow rate of the bascline condition. [f this vitlue
is not availuble it 1s assumed to be 1.5 GPM*.

Water Savings Algorithms
The water savings Tor low fow showerheads are due o the reduced amount of water being used per shower,

(w) x 248 x 116 x 365

AGallons = GPMyase
1.6
Where:
AGallons = Cailons of water saved

GPMygee = Maximum gallons per minute ol baseline showerhead. Default= 2.5

GIPM i measured rate is not available*
GPM., = Maximum gallons per minute of the efficient showerhead
248 = Average number of people per household””
11.6 = Average gallons of water per person per day used for show cring“
365 = Days per yvear
1.6 = Average number of showers per home™’

Natural Gas Savings Algorithms

* Peamsylvamia Public Utility Commission Act 129 Technical Reference Manual (June 2011)
4'_ s Energy Policy Act of 1992 established the masimum tlow rate for showerheads at 2.5 palions per minute (GIPM)
7 Pennsylvania, Census of Population, 2000,
* Most commonly quoted value of gallons ol water used per person pet day Gneluding in (.S, Environmental Protection
Ageney’s Uwater sense” documents: hitp://www.epa goviwatersense/docs/home_suppstat308.pdI)
M Fstinate based on review of a number of studies:
a)  Pacilic Northwest Laboralory: "Energy Savings tiom Focigy-Efficient Showerheinds: REMP Case Stady Results,
Moposed Evaluation Algorithm, and Program Design Implications”
hupiwww.osti govibnidge/pur.cover jsp jsessionid "ROAS6EFOOAABYSDB2OAERIRBALOSF 1997purl=/ 101 853K5-
CENZMK/mative!
by East Bav Municipal Unility District, "Water Conservation Market Penctration Study™
http:/Aavww ebmud . comAsites/default les/pdfs/market_penetration_study_O.pdf

| December 484, 20175
UGT Gus




36

Gas energy savings result from reducing the amount of incoming cold water required to be heated due to the
ctlicient showerhead.

[AGalions x 83 x ¢, % (105— 55)] /1,000,000

AMMBtu RE
Where:
AMMBtu = MMBtu of saved naturat gas
8.3 = Constant 1o convert gallons to pounds (Ibs.)
[ = Avcrage specific heat of water at temperature range (1.00 Btu/lb-°F)
105 = Assumcd temperature of water coming out of showerhead (degrees
Fahrenheit) .
55 = Assumed temperature of waler entering house (degrees Fahrenheit)™
RE = Recovery efficiency of the domestic hot water heater = 75%"!

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

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

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
e - o~ . 34
The measure life of a low Now showerhead is assumed to be 9 years™,

+H10) Low Flow Faucet Aerators

Unique Measure Code(s): TBD

Draft date: 12/15/15
LCifective date:  TBD
End date: TBD

Measure Description
This measure relates 1o the installation of a low flow [aucet acralor in either a kitchen or bathroom.

Definition of Baseline Condition
‘The baseline is the flow rate of the existing faucet. If this is not available. it is generally assumed that a faucet will
alrcady have a standard faucet aerator using 2.2 GPM.

* A good approximation of annual average water main temperature is the average annual ambicnt air temperature. Average
water main temperature = 55° F based on: hitp:/Iwf.ncde.noaa. gov/img/documentlibrary/climg 1 supp3/tempnormal _hires.jpg

31 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 Efficicncy Partnerships’ Mid-Atlantic Technical Reference Manual
Version 1.1 (October 2010).

52 Pennsylvania Public Utility Commission Act 129 Technical Reference Manual (June 2011}
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Definition of Efficient Condition
The efficient condition 1s a faucet acrator that has a tlow rate lower than the baseline condition [f this value is not
available than the flow rate is assumed to be 1.5 GPM ™.

Water Savings Algorithms
The waler savings for low flow faucet aerators are due to the reduced amount of water being used per minute that
flows down the drain (instead of being collected n the sink).

GPMy,ee — GPM,
(#) x 248 x 10.9 X 365 X 50%

AGallons = CPMyase -
35
Where:
AGallons = (allons of water saved
GPAM = Gallons per minute of baseline acrator = 2.2 GMP™
GPAL, = Gallons per minute of the efficient aerator
248 = Average number of people per householdi"
10.9 = Average gallons per day used by faucet™
365 = Days per year
0% = Drain rate. the percentage of waler flowing down the dram”™
35 = Average Number of Faucets per home™

Natural Gas Savings Algorithms
Gas energy savings result from avoiding having to heat the saved waler due to the clficient acratot.

[AGallons x 83 x ¢, x 25] /1,000,000

AMMBtu =
REpw
Where:
AMMBtu = MMBuw of saved natural gas

83 = Constant to convert gallons to pounds (lbs )
< = Average specific heat of water at temperature range (1.00 Bu/Ib-°F)
25 = The diflerence between the temperature ol the water entering the

house and the emperature leaving the Taucet (degrees Fahrenheit),™
REpmy = Recovery clficiency of the domestic hot water heater = 75%

Electric Savings Algorithms
It is assumed that all faucetl aerators installed under PGW's ELIRP program are installed in homes that heat water
using natural gas There are no additionat electric savings claimed

* Pennsylvania Public Utility Counmission Act 129 Teehnical Reference Manual (June 2011)

! Public Service Commission of Wisconsin Facus on Energy Evaluation Default Deemed Savings Review. fune 2008,
htip:/Awsww. focusonenergy. conyfiles/Document_Management_System/Gvaluation/acesdeemedsavingsreview_evaluationrepuoit.p
df

* Pennsylvania, Census of Population. 2000,

* Most commonly quoted vatue of gallons of water used per person per day (including in U.S. Environmental Protection
Agency’s “water sense” documents: hitp./Awww epa.gov/watersense/docsthome _suppstat 308 pdly

 Estimate consistent with Ontario Energy Board, "Mcasures and Assumptions for Demand Side

Management Planning "

** East Bay Municipal Ulility Disuict; "Water Conservation Market Penciration Study"

http /Awwyw ebmud com/sites/default/tiles/pdfs/market_penctration_study_0 pdf’

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

®'See assumption for low flow shower head.
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Freeridership/Spillover
Until studies have been performed to determine the free ridership and spitiover. the values are assumed to be zero.

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes
‘The measure life of a faucet aerator is assumed 1o be 12 years™

12)11) Efficient Natural Gas Water Heater

Unique Measure Code(s): TBD

Draft date: 12/14/15
Effective dale:  TBD
End date: TBD

Measure Description
This measure refates 1o an efficient natural gas water heater,

Definition of Baseline Condition
The baseline is the energy factor (EF) of the existing water heater. If possible, the EF of the existing water heater
should be used. 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 Algerithms

MMBtu savings are realized due 10 the increase in efficiency lactor (EF) of the new equipment. MMBtu savings
vary by equipment type due to differences in mode} specific baseline EF and high efticiency EF percentages.
Savings are calculated from the baseline new unit 1o the instalted efficient unit. The following formula for gas
savings is based on the DOE test procedure for water heaters.

1 1 )
( 7R, ;) X 41045 X 365

E Fbase
AMMBu = 1,000,000
Where:
EF o = Energy Factor of baseline water heater
EF,y = Energy Factor of efficient water heater. If combi boiler use AFUE.
41,045 = Factor used in DOE test procedure algorithm
365 = Days in the year

Electric Savings Algorithms

' Pennsytvania Public Utility Commission Act 129 Technical Reference Manual (June 2011)
2 From Mass Save “Massachusctts Technical Reference Manual for Estimating Savings from Energy Efficiency Measures: 2011
Program Year — Plan Version.” October 2010, Page 242,
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It is assumed that all faucet acrators installed under PGWs ELIRP program are installed in homes that heat water
using natural gas water. There are no additional electric savings claimed.

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

Persistence
The persistence factor is assumed to be one,

Measure Lifctimes
o . - . s 1
The measure life of a natural gas water heater is assumed 10 be 15 years®'.

| 43)12) Hot Water Heater Tank Temperature Turn-down

Unigue Measure Code(sy: TBD

Drall date; 12/14/15
Elfective date:  TBD
1:ng dute: TR

Measure Description
“This measure relates to lowering the thermostat setting on a natural gas hot water heater o 120° Faf the temperature
1s set higher,

Definition of Baseline Condition
The baseline is the temperature setting of the existing water heater — usually above 1357 FF

Definition of Efficient Condition
The efficient condition is the new setting paint for the hot water heater. 120° 17,

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

Natural Gas Savings Algorithms
MMBtu savings arise from lower temperature setting that reduces the standby heat losses required to mamntain the
tanks temperature setting.

Area X (Tnae — Torf) o« 8760
Romw 1,000,000
REuyw

AMMBtu =

Where

AMMBtu MMB1 of saved gas per year
Area = Surface arca of hot water heater (1t°)
= Original temperature inside the tank (°F) = Assume 135 °F if no other
information provided
ot = New temperature inside the tank (°F) = Assume 120° F if no other
intormation provided

Tba.\'c

T DEER values, updated October 10, 2008
Tip:/iw ww deeresoarces com?dect091 1 planning:download/EUL_Summary _10-1-0881s
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Rouw = R-value of the hot water heater (h °F ft'/Bw) = 5.0
8,760 = Number of hours in a ycar
RE;uw = Recovery efficiency of the domestic hol water heater = 75%"
1,000.000 = Biuto 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 Height Diameter Surface Savings
Size (Gal) (Inches)* (Inches)* Area (ftz) (MMBiu)
30 60 16 29.7 1.04
40 6l 16.5 313 1.10
50 33 18 319 1.12
66 58 20 39.0 1.37
80 58 22 444 1.56

* Fram New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs (Ociober
15.2010), 'age 98

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

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

Persistence
The persistence factor is assumed to be one.

Measure Lifetimes )
The measure life of temperature reduction in a natural gas water heater is assumed to be 2 years™.

] 14)13) Repair Hot Water Leaks/Plumbing Repairs

Unique Measure Code(s): TRD

Draft date: 12/14/15
Effective date:  TBD
End date: ™BD

Measuore Description
This measure relates to repairing any leaks from hot water pipes.

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

¢! Caleulated using the base conductive heal loss co-efficient and surlace areas from: New York Standard Approuch for
Lstimating Energy Savings from Energy Ffficiency Programs (October 15, 2010). Page 98

3 See assumption far low flow showerhead.

o Page 410. Yermont Technical Reference Manual and New Jersey Clean Energy Program Prolocols
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Definition of Efficient Condition
The efiicient condition is no hot water leaking from the hol water pipe.

Water Savings Algorithms
The water saved is the amount of water that is lost due to the leak. The Tollowing 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 floz) 89.28

* A drip is assumed to be 0.0001 gatlons”™

Natural Gas Savings Algorithms
Gas savings resull from the avoided energy used to heat the water wasted [fom the leak.

[AGatlons x 83 x ¢, X (120 — 55)] /1,000,000

AMM =
Bru REpp
Where
AMMBtu MMBuw of saved natural gas
83 = Conslant to convert gallons o pounds {Ibs)
Cp = Average specific heat of water at temperature range (1.00 Bu/ib-°T)
120 = Assumed lemperature of hot water as it leaves the walter heater and
travels through the pipes.
55 = Assumed temperature of water entering house (degrees Fahrenheit)™
REpe = Recovery efficiency of the domestic hot water heater = 75%"

The following table provides deemed gas suvings values based on the deemed water savings, the algorithm outlined
above, and the mcasure lives trom below.

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

Electric Savings Algorithms

1015 assumed that all leaks repaired are Tor humes that heat water using natural gas water. There are no additional
electric savings chumed.

Freeridership/Spitlover
Until studies have been perfonmed to determine the free ridership and spillover. the values are assumed to be zero.

*7 Figures provided to North Caroling's Iare Counly Water Department by the North Caraling Rural Water Association:
lnp:/reww.darene. com/water/Othsis/Wirt.oss hing (accessed June 23, 2011)

A good approximation of annual average water niain lemperature is the average annual ambient air tesperature,  Average
water miain temperatire = 55¢ F hased on: hitp:/lwfnede.noaa gov/img/documentlibrary/clim8 1 supp3/tempnormal_hives.jpy
" See assumption for low Now shower head
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Persistence
The persistence factor is assumed to be one.

Measure Lifetimes

The savings for repairing hot water leaks persist as long as the leak would not have otherwise been fixed. PGW
assumes that a smaller leak will persist longer than a larger and more noticeable leak and has adjusted the following
measure lifetimes to account for this.

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

15)14) DHW Pipe Insulation

Unique Measure Code(s): TBD

Draft date: 12714715
Effective date:  TBD
End date: TBD

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

Definition of Baseline Condition
The baseline condition is the current insulation thickness on 4 space heating hot water or steam pipe.

Definition of Efficient Condition

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

1f the diameter of the cold/hot feeds directly to/from the storage tank is 17 or less, a maximum length of three foet
for both the cold water inlet and hot water outlet piping above the tank (six total feet) per unit will be included in the
savings calculations under the program and should be installed in accordance with best practices.

For 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 system is present, all hot water supply and reiurn 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 1™
diameter pipe should be insulated with 1" thick insulation: a 2-172” diameter pipe with 2-1/2" thick insulation.”

if 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 DIW 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 it

™ Recommendation based on method piatieered by Gary Kiein, expert on DHW based in California
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Nataral Gas Savings Algorithms

Annual Gas Savings (MMBtu) = Length X

Where:

Length
Thlmc

.”'I[.ﬂ
Heat).oss(x)

REpiw

(Heatl,as.s'('fh,m,‘,) - HeatLoss(Thu”))

Number of linear feet of steam pipe insulated

‘Thickness of hase condition insulation (inches)

Thickness ol efficient condition insulation (inches)

REpme % 1,000,000

Feat loss through hot water pipe as a function of insulation thickness x (Btu/ft /yr)

- . cop 7t
Recovery efficiency of the hot water heater = 75%

“Heatl.oss{x)" can be found using the following lookup Lable.

Insulation Heat Loss
Thickness (inches) (Btu/ft/yr)
Rare 268.231
0.3 86.461
1.0 65.350
1.5 51.421
2.0 44851
25 38.544
3.0 36.004
35 33.989
4.0 32412
45 30,923
3.0 29872

This table was caleulated using the North American Insulation Manulacturers Association’s (NAIMA) 38 Plus 4.0

[nsulation Thickness Computer Program. ‘The following assumptions were used.

Item Description
System Application
Dimensional Standard
Cateulation Type
Process Temperalure
Ambient Temperature
Wind Speed

Nominal Pipe Size
Bare Metal

Bare Surface Emittance

" Sce assumption for low flow showethend.
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Insulation Layer 1 = Polystyrene PIPE. Type X1, C578-1 b
Quter Jacket Material - = All Service Jacket
Quter Surface Emittance = 0.9

Electric Savings Algorithms
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 10 be one,

Measure Lifetimes
ope sge o 2
I'he measure life is assumed to be 20 );'curs7 .

| +6)15) Hot Water Storage Tank Wrap

Unique Measurc Code(s): TBD

Dratt date: 12114113
Effcctive date: TBD
Fnd date: TBD

Mecasure Description
This measurc refers to an insulating “blanket” that is wrapped around the outside of a hot water tank to reduce stund-
by losses. The tank wrap instatlation must follow BP1 technical standards:

“Water heater insutation wraps shall not cover the top of il or gas systems, and shall not obstruct the pressure relief
valve, thermostats, hi-Jimit switch, plumbing pipes. or access plates. A minimum 2-inch clearance is required from the
access door for gas burners.

Water heater insulation wraps shall a0t be installed where forbidden by the manufacturer’s instructions found on the
nameplate.”"

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

Definition of Efficient Condition
The efficient condition is the hot water heater tank with the insulating blanket,

Water Savings Algorithms
‘There are no water savings due to this measure.

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

> NYSERDA Home Performance with Energy Star
™ Building Performance Institute, Ine. Techmcal Standards for the Heating Professional. Revised 1120007, Page 12,
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(ﬁ - %ﬂ ) X Area X (Tlunk - Tﬂmb) x —l%ﬁﬁ
AMMBtu =
REppw
Where:
AMMBtu MMBtu of saved gas per vear
Rur = R-value of the hot water heater with the insulating blanket (h °F
1/8t)
Ruse = Original R-value of’the hot water heater (h °F tt¥/B) = 5.0™ unless
other information provided
Arca = Suzrfuce area of the hot water heater covered by the insulating blanket
(1)
Tanw =  Temperature inside the tank (°F) = Assumne 120 °F if no other
information provided
Tewe =  Temperature outside the tank (°F) = 35 °F7
8760 = Number of hours in a year
REpm = Recovery efficiency of the domestic hot water heater = 75%™
1.000.000 = Btuto MMBu

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

Surface are R-10 R-19
Surface of Cylinder Wrap Wrap
Water Surface Area Area of minus Annual Annval
leater Size | Height | Diameter | of Cylinder Accessed Accessed Savings Savings
(Gal) (Inches)* | (Inches)* () Areas (TE)** | Areas (i) | (MMBin) | (MMBtu)
30 60 16 209 04 20.5 1.6 23
40 61 16.5 220 04 2135 1.6 24
30 53 18 208 04 204 1.5 23
66 38 20 253 0.4 249 1.9 2.8
80 58 2 278 04 274 2.1 31

* From New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs
{October 13, 2010). Page 98
** Asswming square access area with 47 square and 2 clearance on each side

Electric Savings Algorithms
This measure is assumed Lo 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 studics have been performed to determine the {ree ridership and spillover, the values are assumed Lo be zero,

Persistence

The persistence tactor is assumed (o be one.
Measure Lifetimes

The measure life is assumed 1o be 5 years™

" Caleulated nsing the base conductive heat loss co-efTicient and sueface areas (rom: New York Stamdard Approuch for
Ltmanng Energy Suvangs from Epergy Efficiency Progroms {October 15, 2010) Page Y8

% Assumed 10 be in unconditioned space, ambient temperature assumption based on:

hup:/iwtnede.nosa. goviimg/documentlibrary/clim8 Lsupp3/tempnormal_hitesjpg

" See assumption for low flow showerlead
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E. All End Uses
1) Energy-Use Report

Unique Measure Code(s). TBD

Draft date: 12/14/15
Effective date:  TBD
End date: TBD

Measure Description
Monthly energy-use reports are sent to parlicipating gas customers with the goal of decreasing the customers’
energy use,

Definition of Baseline Condition
The baseline is a customer before they have received an energy-use report.

Definition of Efficient Condition
‘The efficient condition is a customer that has received an energy-use report.

Gas Savings Algorithms

MMBtu savings are realized due to the participating customers changing their behavior afier receiving an energy-use
report. Savings arc calculated by applying a percentage savings to the customer’s usage prior to receiving the
energy-use report.

Annual Gas Savings (MMBtu) = HeatingUse x (%Save)
Where:

Heatinglse =  Annual heating use (MMBtu/yr) from weather normalized usage analysis of customer
billing data from pre-treatment period. See description below.

%Save

Percentage of annual gas savings due to the participating customer receiving an
energy-use report. Assume 1.04% savings from evaluation of similar program in
Massachusetts. From Massachusetls 2011 TRM.

Heating Use weather normalization methods {HeatingUse):
Method t: Use a linear regression model of use/day as a function of HDD63™/day to estimate heatmg slope

(MMbw/HDDE3) and baseload daily use (MMBtu/day) with an annual projected HDD63-of 586210 calculate
annual heating load, See the Reference Tables section at the end of this document for projected HDD,

7 Northeast Energy Efficiency Parnesships. Mid-Atlantic Teehcal Reference Manmd (Version 1.1). October 2010
™ Heating degree days are caleulated using base 63°F which was selected based on variable-base degree day regressions of’
billing data from PGW's Conscrvation Works Pragram (CWP) participants aver the past several years. This valuc 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 targeting of high users by CWP. The use of this DD base climinates the need for the degree day correction
factor found in some similar cafculations that use [{II65.

| 7" Ihisvalue-foref S062-HIBDE3-1sthe-average from-ReadingPA-for-the-yerr ber 2042 through-December-20465
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Method 2: Caleulate baseload (MMBtu/day} as the third lowest MMBtu/day bill for the analysis year. Then
caleutate raw heating use as the sum ol monthly billed use nvinus the baseload * sum{monthiy bill elapsed days).
| then calculate weather adjusted heating use as raw heating use * (3862HDD63projected/HDD6 Jactual).
Electric Savings Algorithms
Energy Savings
AKWh = (0 kWh
Demand Savings

AKW =0.0kW

Where:
AkWh = Gross customer annual KWh savings for the meusure.

AKW = Gross customer summer load kKW savings Tor the measure,

Freeridership/Spillover
Until studies have been pertormed 10 determine the {ree ridership and spillover, the values are assumed 10 be zero.

Equipment 1'ype Free Ridership Spillover
Energy-Use Report (% 0%
Persistence

The persistence factor 1s assumed 1o be one.

Measure Lifetimes

Equipment Type Measure Liletime

Lnergy-Use Report |
Source: Lifetime estunate used by MassSave

Water Savings
There are no water savings for this measure.
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Hentingllse = Annusbhestinguse-MMBurierrfrom-weathernormabized-usage-analysis-ofcustomer
bitling data-frempre-trestment-period—See deseription-below:
ARHE . =  Efficlency-efexisting baseline-equipmenttApmuot-Fuel-ilization Efficiency)
ARUE,, =  Effciency-of .

Hesting-tse-weathernormalization-methodstHeatingUse):

Method-l—Use-atinear regressionmodel-of uselday-aafunction-oLHDDE3 Mday-to entimote-heating slope
(MMbaHDDAD) wad-baseload-datly-tse-tMMBr ey with-an-amraa- HDD63-01-5062" to-ealeulate annual-benting
load:

Method-2:-Caleulate-baseload- (MM Btuiduv s the-third-lowest MM Bidav-billHor the-analysisyear—hen
eaterlateravv-heabing-use as-thesurm-emonthhbrlled-use minus-the baselead -t sumtmonthiy-bilelapsed-davs ).
themrealerdoteweatheradiusted-heatingtseusravc heatinguse 245062 PBo3 netunty

FleetrieSavings-Algerithms

Electric-enerav-savings-result-from-efficientfumave-fans{ ECMY thatmas-bednchided-with-eflictent-furRuces:
Electricalsavings{rom-fan-motoretficiency-does-norapply-te-boters:

Energr-Savings
kb ek

Pemand-Savings
ARW =0 1as kW
ARWh = GrosseustemeraonuabkWhsavingstor the-measureRosed-on-Aet-ROTRM 2
AN = Gresseustomerstmmertoad-hW-savinpsfor-the-meunsvre—Based-onAet 29 RM:
Freeridership/Spillover
Uil studies-have-been-performred-to-determtine thefreeridershipandspilover-the-valuesare-assumed-lo-bezero:
EquipmentFrpe KEree-Ridership Spiltover
GasKurnuee o4 0%
Ges-Boiler 6% 8%

. Heh(ﬂhﬁk‘g Mﬂ»vﬁf&aﬂe&kﬂeﬁhum m«-@—kﬂ»&%*mm tWHMemﬂmduHemmnﬂﬂ

ik - \\rb

EXERALY

fﬂwﬁmﬂwfﬂﬂm-dumxe+aad4+keh+eﬂeﬂ~4lre4e»»ﬂ&m«m+ﬂ—ﬂaﬂawemne-iwn«_aﬁeek-md-ﬁ«wlwmw
high-nrersby-CWP_Tha use-of-this-HO1 base-ehmnatesthe needHorthedegres day-eorrechon-factorfound-r-some-similar
eatelationsthatuse HDPAS

Mo Prsvahie-oF S062-HBDA2 4o the-verageFrom-Reading-PA-for-the venes December201 2 threugh-December 2045
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Persistenee

Mesnsure-bifetimes

l Equi +F Meas Lifeti
| | GasFumaess 20
Source-l-Hetme-estimates-used-by-EfficieneyVermont-and-PGW.

NU Savings
There-are-no-water-savings-for-this-measure:

Thac oaal 4. N 1k, RYRPIC hPTEPPrupey hets th idaoithabalos OF-HHH ( .2k 4
HTHY OV aeer tRe-BMoHtt-oraif PC-DOTW IR IRSTHIC-O M ROUSE-HF i aheine S

M%IMWW@MWWWM

Pefinition-of-Efficient-Condition
Any-decrease-tn-infiltration-will-reduceenergy-consumption-compared-o-the-pre-trested-house:

Gas-Savings-Adgerithms

Annual-Gas-Savi 8{.&)_.-(———-————
25 —-AFHHE%-1,006,600)

Where:

HDB=  Heating-degree-doyyetHemperaturel-wheret=632F if-no-programmablethermestat-has
been-instaled-and-t=622F i{-a-programmuble-thennestet-has-been-nstaHed—Krom
Begreeduvinet-data-for-Reading PA-fronr-December 2012 —DBecember 2045:
HBBE3=3062-and HBPE62 =483+

2= hours'dey

CEMSO, = CEMSO-ofbuilding-shell-leak . o ek A

| December 84, 20178
UGl Gas




Lh

A= 4%&%%%@!4«%&%%3&#1##4}&&! loss-rater calewlledHrom-hourty
infihration-medeling®
ARLE=  ssted AU ofheating system—Hnoratinets-avaitoble therusethe-method deseribedin
the-JifHeient-Spaee Heating Sestemsectonforcaledlating the AR U b—The Al of
replacement-equipinent-shouhd-beusedH- the heating sywstemreplacement-precedesthe air
seahg-work:

Fleetrie-Savings-Algorithms

H—&he—!-\—ape—e}-a;Fecmdﬂmmﬁ%kmw—khen—u«ﬂh&wp&%&ieee&hmﬁlew4Hhe%p&ﬂ N IStenee- o
L-eﬂéammng-h—mz-kmma—&hewaww a3 -esttmate-the ool ingsavings-as+H%oofu
house-with-cemralairconditioning:”

Reduced-turnacefan-orbotlercireulstor-pumpusseeisalso-tikel:
both-the-heating-ard-coohnp-seasons

AHrRs-during

Energy-Savings
W =AW,k Whiog,

AW,

=AnnualGasSavings{MMBa)*-Auxiliary

—HeWh-tFhouse-has-re-gireonditioning
—Mqﬁ%%—hwml-wm
= Ak 5 5 rairconditioning

%Mg‘rﬂwfaﬁmﬂwmlwn-mr ~oond ioner

AW

AlAL Tk = Ebb—x2 2 EE‘ / ‘ggpw 2 lggpnﬂ)

M R - - —W
W _EBBx 24 DUA e A M0 5y —EEMS S )

(%x—m man -1 "“‘QI?%’")

Demaad-Savings

AW- =GR house-haspe-aircenditioning
=AW Hhouse-has-central-airconditioning
AW o Hhemre-has-room-airconditioning

ARMR
Al-%17 — AR A N
EE A 1 = e
I'] l'l Iemaf
W hp
ALAA -~ TN
STEYVRAL l'F ” TRAT
g R Ak

AkWh= grosscustomerannteHWh-tinvinpstor the medsure
AWM= grasseustomer siniter-toud $ W savingstor the- measure:

o pur-houshy-infilrationaaseatenlated-tsing o Hied ver sion of the 1B ltt-hoa-Sherman-Grimsaud infilirtion-model with-a
Mmmmmwuu%mmmwm
anihrsberesulivastheradiusted-to wit-for 4 atHeakesettaetion-ob 2%k 00 o shernal
fegam—%mm—w#mmeﬁ—e%mw—l-he reaukmv.-\vﬂhte of 21 \wm-dau-mih Mnmn..\uiﬂmlwm- “epirieal-ditta-using
CFM30vnlues aimbaciunb grs-use-tid-savings Fom- S R ovalstons:
¥ Pereenage-of-howseswill-air-conditioning-lrom G Hdata-
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SEERcac Variable Default-values: PUG Technical Reference Manual
Eady-Replacement—=10
Replace on-Burpaut =13
MNameplate Gontracter-Data-Gathering

Appendix-F{Used-ia-ES-Calculator-for-baseline}

Nameplate Gontrastor-Data-Gathering

GFRoac Fixed 840 RUG-Techrical-Reference-Manual

GFac Fixed 068 PUG-TechnicarRelerence-Manaal

Froom.ac Fixed 038 Galeuiated™

* gy s

Meanont-Energy-lnvestent-Corporstion—Avgust-6:2049:
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EFLH-GDD-and-HDD-by City
ERLH00! ERLMosdiraC €0BBase86)™
Location - | Hoursy® {Houre)”
YE-Gas-Territory 619 461 1106

Freeridership/Spillover

Measthe Eree-Rudership Spitlover
Infthraton-Redoetion 9% %
Persistenee

The-persistencefuetor--assumed-to-beone:

Mensure MensureLifetine
A gter-Savings

There-arenowitler-savings-fortis-measure:

18) Roofand Cavity Insulati

HaigteMeastre-Code(s)y—FBEH
Draft-date—12444415
Efoetiv _ qor
Ead-date———FHD
Mensure-Deseription

Fhis-invelver-inereasingthe-insulationlevels-in-vither-the-attic- or-walls-witich direethv-detine the-boundary-between
thehouse-or-unitand-the-outdeors-

Pefinition-ofBaseline-Condition
Fhe-basehne-isamountofinsalation-in-the housen-s-pre-treatment-condHion

+ 0 &-#-‘ef-ve‘-—us—ﬂ -(-avemee—bm—t@uml—leu-u
ku—W)ﬂM%&Mm&H&a—F@MﬁR—R@Nn—A&MMﬁ—P, FEPEREEE LR T I RRE kD E W LIREN R )
*_RAIMSTRM-Averagevi-Harrisburg-nnd-Adlentown-er-CAL:
”MM&H—H&HMMW%

M Ern-Pegreeduvs-net-for-Reading-PA -nverage Hronm-Deeeiber 204 240-PDecenther 204 5;
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Definition-ef-Efhieient-Condition
Any-inerease-in-insulationwitreduceenergy-consumption-campared-to-the-pra-trested-house

GasSavings-Aigorithms

HDBB,
24
AREA
[ Rpe =
Rpon
AR

E&eeme-bmngs—;&lgomh{m

= Hoursperday
= Netin HY-S eat—Fsti \ 395
R-velue-ef roefleavity pre-treatment—R,,. =S-unlessthereds-existing-insulation:

Wmmmwmﬁummmatﬁmwﬂa%m
heusewith-eentralairconditiening™

WWWMWWWMMWQ%

AW =AW - ARWhe

—MWM&MMMM
=-AkWh-tFhouse-hasroon-air-conditioning
=45% Al Wh—Hho-information-rboutair-cenditioner

he

“Percentape-ofhouses-with-gir-conditioning-fFrom-UGHduta:
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h

Gl = = 4 Trmn
A-k—\‘\-’ — i - vm P |—‘A'R‘L;A V( + + \]
EfR e+ pyp l \Bpz Ryt |

Penand-Savings

AleW-___ =M heuse-hashe-airconditioning
=AM tFhousehascentrabairconditioning
— MW Hhotse-has-room-girconditoning

AJAE
AL _ CNE _ ore
A TART] AR e

= 01
AL
NATY _ AeWhpar o
kW — PRAC
kil [euul RXC

Wheres
AkWh= gross-customeranntabkWhsavingstor-the-pteasure:
ARWL=  prosseustomer-snirerend M sevingsfor-the-meastre:
Atbxitiary: = Healing-system-auxiliary-usage-per-MMBTU consumption{5-02-From
Yeoemont Technical-Reference-Manual)

GBo =Cooling Degroe-Days{Begrees F-Days)HbD
DUA =Discretionary-ise-Adjustment-to-acseunt-forthefact that peeple-deo-not

always-operale-their-airconditioning-systerm-whea the-outside
temperature-is-groater-than-65€;

———SEERc—Seasonal-Energy-Efficioncy-Ratio-of existing-home-central-air
conditioner{BtuAlshi)-(Seo-table-helow-fordefaultvaluesHactual values
ara-pot-avafable)

EFRR g ‘Ave;age—énergy—éﬁ;aeney—Raﬂeeﬁe 7 ? Xisting-room-aiF-cor nditioner
(Btul=hr)-{See-table-below-for default-valuos-ifactual values-are-not
available)

———CFcic———=Demand-Goincidence-Factorforceniral-AG-systems-{See-table-below)

CFaac =Pemand-Coincidence-Factor-for-Room-AG-systems{See-table-below)
EFLH oo ——=Equivalont Full-Load-Gooling-hoursfor-Central- AG-and-ASHP(Seg
table-below)
————EFEH oo sa——EguivalentFull- Load-Cooling-hours-for-Roem-AG-{Sea-table-below)
F Roon AG =Adjustmentfactortorelate-insiiated-areato-area-served-by-Room-AG
HAits

Thedefattvatvestoreachtermare shown-inthe-table-below:
Defauttvalues for algerithm tenms -Ceilinghttic-and WalHinsulation

| - Form ‘ Fype Malug ) Soursel
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Feem | Fype Malue Souree
BUA Fixed 76 OHTRM®
SEERca: Variable Detault vaiues: PUG Technical Referance Manual
Eady Replacerment =10
Repasce on-BurRout =13
Nomeptate Convractor Data Gathering
R Variable Default=9.8 DOE Federal Test Procedure 10 CFR 430,
AppendixF{Used-in-£S-Caleulatorfor-baseline)
Nameplate Contractor Data Gathering
GFeac Fixed 070 RUG Technical Reference Manual
CFrac Fixed 0.58 PUC Technical Reference Manual
Frcom ac Fiwed 038 Galeulated™
ERLH-CDD-and-HDD-by City
BFLHo00) BFLHoorse CoD-{Base-86)""
Lecation (Hourel™ Hour)™
UGHGas Territory 519 161 1486

e the-$ulb

Insatation % 0%
Persistenee
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W Saving
TFhereare-powatersaviigs-for-this-measure:

Mensure-Deseription
Fhis-is-s-progratmable-therpies

The-baseleis-a-menua-thepmostibwherevach-tempernlure setting ohange requ ifes Ruma-Hte Premtion:

berther:

Befinition-of Efficient-Condition
Fhe-efficientthermestatis-one thatecar-be-prosrammed-o-awtomaticaly—inerease-er-lower-the temperatire seting at
different-times-ofthe-day-and-week:

AnnuatGasSavings (MMBa-=Heatinglse (11008 Vo NeatingUsex-0.053

Where:

1

Heatinglhse Annuat-hesting-use- (MM BrAvr-from-weathernormalized-uaage unslyvsisolcustomer

billing-data-from-pre-treatment perod-tsee-desertption-underheating-system
replacement—Hthermostatmeasureis-performed-afier-shell-measures-ai-nsulation
orgit-sealing—then-subtraetthe-projected savingsfrem-those measurestronhe-pre
retrofi-heatig-use:

HPD,, = 4834*

Fheunnual-beating-degree-deys-hased-an-62%  —representing the-estimated-balunee
pointeniperature- of-the- home with-the pregrammuable-thermeostat

HPR,. = 562"

potnttenperatire-of the-home-with the pregrammuble-thesmostal:

Anrgnebvsisolvariable-base degree dav-bil e data-fromPGWs-Conseration- Works Program-+CWI - hus-townd-an
average-pekreduetion- m-hala;m&pmmmnwam;&e)%w—k@—%mwﬁaum&“&mnm%pwdmpael
exalomtions-have-plsotound-heatngsovingsaveraging-about 32565 {rom-thermostatistal bitions—Fhese-twe
{indingsare consistent-with-eaeh-other-and- mdqea{&uﬁ—e%mﬂﬂed—uwmge—umw%—bdaed ap-emplovine-the-approach
fronrpesl-EW R contrretorsto-targetngcustomer-andselecting-homes-to-reeeive-thermestatsandthe savings

”:MDengaﬁ-om—&»-Remﬁng,—Pﬂvl%eemha—é&l—l—!—)eeﬂnlw—z() 1=
' thidd:
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opponunities-and-eomphia
{£the-type-of-airconditioning-is-known-then-usethe-uppropriate-algerithm-below—H-the-tvpe-or exisience-ofair

aWWWHMWWWMOWWWW!W&M .
house-with-central-sir-eonditioning™

Redueed-furnace-fan-orbeilereirculator-pump-usage-is-also-Hkely to-oeeurand-provide cleetrieity-savings during
both-the-heating-and-cooling seasors-but-these-auniliar-suvings are notaecounted-for-inthefoHowing-algorithms:
AW _;ﬁ\]\w / -.ﬁ"i‘“‘hm'

AR, =Annnel-GasSavings-(MMBt)-X-Auxiliary

Whcoor =0-kWh-i-house-has-ne-aireonditioning
——AWher-ithouse-has-central-siceonditioning
=Q-fheuse-hasroon-air-conditioning
=45% AW he-H-no-information-abeut-nir conditdoner

Mot o Bs

Akl = 0-W

AWh =—gross-eusiomerantualkWh-savings-for the measure:

Adeidd =gross-customersummertoad-kW-savings-for the-sreasure:

Ereeridership/Spillover
Untilstudies-have-been-performed-to-deternrine the freesidership-and-spiloverthe values-are-sssumed-to-basero:

EquipmentFype FreeRidership Spiltover
Programmeble-Thermestat 0% 0%
Bersivtenee
The persistence-fuelor-is-assumed-o-be-one
Measure-bifetinmes

°‘4tewauwﬁho%wfhﬁﬁ—«méumg—&em4mdem
HHGHRE&CPlan-Phese-H-Appendin-Arpage-106:
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Fquipmenttype Menvure-Lifetime
Rrogranmmuble-lThermostut H

Souree=li(H-Rhnsed FduetrieKiHpge

Water-Savings
Fhere-are-Ro-water Savitigs- tor- this-Aedmife-

20)—Duet-WorkInsulation

Unigue Mensure Codets)-TBD
Draftdate——— 24448
Effective date——FBD

Eod date———TBD

Fhivmensure relates-to-insteHingtnsalation-en-ductinuncondhioned-spaces:

Dehnition-of-Baseline-Condition
Fhe-baseline-conditionis-assumed—4e be-an-un-insulated-duet:

Befinition-of Efficient-Condition
Fhe eficientconditonis-the-duetwith-istatendpstabled

Water-Savingsdgorithms
Fhis-measure-has-ao-water-seringspssoisted-with-t

Natural-Gas-Savirgs-Algorithms

ERLI -Heatboss{Thygmr—Heatboss -A—,-ﬁ—e.
Annual-Gas-Savings - ( & )

- 24365 AR U E—x—1006,000
Where:
——hength = Nwnberof-linear feetof duetwork-insplated
| ERLH,, = Hauivelentfull-doad-heating hours-=846" hours
| Thpe = Fhickness-oi-buse-vonditton-insulation-tnels)
| Ty = Fhickness-ofefficienteondition-insulation-(inches)
| Heatbossty) = Heatlows-throdgh-duetworkayn-fonetivrof-nndationthickness Biudtdve)
AFRUE = Reted AFRHE-ofheating-system—H-po-rating-is-availeble-thentise-the-method
deseribed-in-the K freientS pace-Henting-Systentsectionforealentatng-the AU
Fhe Al EoFreplacement equipment-shonld-be-ased-H-the-heating-sysiem
replacementprecedes-the-duet-work-swlation-
“Heathosstxean-bedound-using-the folowinatookup-table:

| " Eron PG WA ppre-evalustion-tarfurraces -t usted-toHOH-Gas-erilor-bised-o-elitive 1
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60

ai’“‘t“:{;*ﬁﬁ%%

Fhis-table-was-calenlated-using-the North-American-Insulation-Mannfacturers Association sNAIMAFIE Plus4-0
inswtation-Thickness-ComputerProgram—Thetolowg assumptionswere-used:

hem-Peseription =  bare-duet
CalewlationFype = HeatlossPer YearReport
Geometry Deseription = Steel-Duet—Reetangular-Hoes
Sysiem-bats = ASTMGI8S
Bare-Surfoee-Emittance = 038
ProvessTemperature = HO2F

v §
3
'y

24 ¢l 1o d-foethie s
G- FOFTHY

W_y N sutefor-Rhiladelphiafrom-2Cos-Savinas-and-Contorfor-Evistina-Buildins s Jrd Editionbv-lohi
CFREAVHHEF ¥ tor-§ § = avhes-aad-Contfor t fonistng -3 Fbv-JohA
- « o At P, 235
er-Saturn B —HAge=

EeFig
"”W%MWMWHWW%&WW
htipiavwwweterfurnaeeclEnpincerivhsela2bRek 5 5
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Persistence
Fheperistencefactorrassumed-to-be-ope:

Measurelifetimes .
Fhemepsure-fois-assumed-to-+8vears™

21} Heating Pipe Insulat

Unigue-Mepsure-Codels) =T
Prafrdate——342H4H1S
Efteetive dite—F
Erd-date————FBH

This-measure-relatestotnstalling-insalatior-onspaee heating pipesin-uneonditioned spaves:

Definition-of-Baseline Condition
Fhe basehineconditionirthe-curfentinvulationthickness-on-aspace heating-hot-witef-oF Steam-pipe

Definition-of-Efficient Condition
Theefficienteonditorisany—insulotionthickerthamhat-slready-onthe-pipe:

Water-SavingyAdgorithms
Prismeasure hasno-water savingsassoctated-with-t:

Length = Numberof-hnearivet-ofheatingpipe-insulated
Heeor = Henung-heurtoru-properysized-boter—Usedurun-estimate e the-hours-tawhich
thespuee-heating-pipe-would-be-hotterthanthe ambienttemperuture-andwoukd
therefore-experenceheat-oss:
. = Fhickaessofbase condiion-insulation ¢inches)
| Fhy = ‘Fhickress-ofeffieienteondition-slation-finehes)
| Hestbosseg = Hedt-lossthrough-pipets-atuncion-ofmulationthickaess-- (Biudtthe)
AFUE = Ru(t‘d A !~{;Ll-—evf—hemtne—ﬁ%&m——“—n&rﬂ(mg—h-ﬁ*—&#&bl&ﬂn:n—w-e—(he—me&hed

| "LNYSERPA-Home-Herommnnee with-Enerpy-Sas
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HBD = Buase632E Heating DegreeBayy-for ReedingHA=5062""
B = WW#MW%M@J@M@M

Fhis-table-wascelevlated-uring the Norh-American-lnsolation ManpiactorersAssoetation s (IAMAY - Rlus 46
insulation-Hhiekness- Computer-Rrogram—T he-foHowing-assumptions-were tsed:

hemdeseripion = stesni-piping
System-Application =  Ripe—iorizontal
Dimensionat-Standard = ASTM-C-S85 Rigid
ProcessTemperatare =
ArabientTen peratire =
WindSpeed =
il PineSi -
BareMetad =
Bare-SurfaceHmittanee =
Insplation-hayer = $50I Mineral-Eiber I Typed L5431
OuterducketMaterial = Adl-ServiveJucket
Outer-SurfueeFmitianee = 09

=sgo p
Fhicknessinches) (Brufftthe) Loss{Btuifi/he)

| Bare 2044 24
| 85 1335 1524
| 46 s H2
( 45 2409 867
| 20 2028 54
| 25 1798 (]
| 30 16235 558
| 35 fav) 564
| 40 1406 537
l 45 4334 542
l

|

I

£§”°ag;

Lem-Deseription =  hot-wuter-piping

| System-Application = Ripe—Horizontel

Dimensional-Standard =  ASTM-L3585-Rigid
CelevtationType = HearhossPer-Hour-Report

I ProcessFemperature = 480

‘“MWWWMM

l“na :thc,u R +S,4 wnd-Comiantor ExictirBuildi 1390
g Fees onvertor £

Wm%%mmmmmw -
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Ambiesttemperatire = 60
Wind Speed = 0
Noatnal-RipeSize = QI8
BafeMetsl =  Copper
Bare Surfacebumnitiance = 06
Inswlutiondaverd = Phenelie SHERESELBI Fvpe HISE 1126414
QuierSurfpee-limittanee = 80

Electrie-Saviagy-Aleorithan
Fhere-ure-no-electric-sayingsassocited-wilth-this-measure:

Freeridership/Spillover
Hatihstudies-have been-performed-to-determine thefreeridership-und-spilorer-the values-are tissumed-t0-berero:

Persistence
The-persistence-factor-is-assumed-to-be-one:

Themensuretieisassiumed-to-be 20 yoars "™

22) Duet-Werk Seah“b
Uaigue Measure Codels—FR D
Brattdate——— 124415
Effectivedate—FBD
Hiad-date———TRBD
Mensure-Deseription

Fhis-mensureprovidesestinatestorstend-along savirgfrom-sealing-duets-inu-retrofitprojectand-preventing
hegted -airfrom-teaking-into-unconditionud-spaces—inorderto yertbrsavings-aduct-leakagetest-must-be-tsed-to

ettevtntetrreduetion - CEM-23 readinps:

Dehnition-of-Baseline Condition
Fhe-baseline-vonditon-is-assumedte-be - diwet-that-hes Aot beenserled-

Befirition-of-Efficicat-Condition
He eflivient-condition-is-duet-that-has -been sealed-to reduce-outside Jeakage:

WatepSavinas-Algorithme

e S
Fhis-measure hes-no-wotersavRgsassotivted-with-#:
Nntersl-Gas-Savinpgslsorithms

Arnnual-Gas-Savings-(MMBLS-={CFMpre—eRMpost—~—BSEgas-

NN SERDA-Mome Pet firmanve-with-Ene gv-S
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DunA 3 r-n’ml‘l il hlaat tost-at ‘7( G Lo ety conals

!
S OCOre-5tar st]l\l‘\lnl s

CEM
CFMpest = Remg&m%mmam&k—&mmed
DBSKgas = DPuetsealingfuctorfor-gassysiems-0-0335-MMBuus/CRM-25*

e

Mensurebifetimes
‘Fhe-measure-dife-is-assumed-to-18 years™ ™.

Dratt-date————1204448
Measure-Deseription
Hus-tnvelvesnstalling-a-window-with-a-Utaetordessthan-u-basehine-window:

Definitionof Baseline-Condit

Definition-of-Efficient-Condition
Anefficientwindow-is-any-window-exceeding Laergy-Stark-requirements—Hor-l-faetorof-032-or-less:

‘ {Uwr'r‘uiﬂ)
9___—,____
Annual-Gas-Savings-{MMBL (AR %1.000,000)

W _Raced-0n3-5 MM Bus 4 Par-100-CEM-reduction-for-ductsealinpfrom- L l&e PRy StvinpsIH

savings-port duction-for-duet p{from arir-Suvings
2H-page34
N GUCES P Progrim-Savings-Documentaton—20H-page—+34

Hw CatHomiaDEER
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HB, = Heatiredegree duys-ntteripersturetowhere =632 Cno-progrsmnablethermostat
has-been-instaled-nd-=6220 i a-progruprmable-thermostat-has been-installed ™
24 = Hewrspesday
AREA = Squsredvetolwindov-pree
Ere = U-tactorofnew-basehne-wiadow—, =035 based-en-Haoc 2000
Ea = Hecterofefficient-windows
ARUE = Rated-ARUE-of-heating-system—I Fro-rating-is-available then-use-the-methed

described-inthe-Bftieient-Spaee-Heating Svstenr-secHon-forcalewlatingthe AL
The AFUE-of-replacenvnt-equipment-should-be-used-Hthe-heating-system
rephicement-precedesthesir-sealing-worh-lse defanit- A F o E-of- 808 aetaal A KUK
i-potavidable:

Electrie Savings-Algorithaws

H-thetype-afairconditioning-is-khown-then-use-the-apprepriate-tlgorithin-below Fthe dv pe-orexistenee-ol-air-
eeﬁd—ﬂ-&enmeﬂ&—m»&-l«m)ma-(heﬁ—wmn&th&l—4 Ao-havesir-conditioning-snd estimate hecoolingsidngs-as-45% of
housewth-centrahuir \\\mdmamng—‘

Redueed-furnpee-fan-or-botlercireulstor-pump- usnae-iv-alsodikelydo-ovenand-provide-electricity-suvings-during
both-the-hepting-and-vookngseasony-

Energy-Navings
AW = ARW - AW

MW = Annnab-Gas-Sarings IMMB e —heeitiary
e — MR hetoe hes Re-aircofditonias

= Whor-H-house-haseentral-mir conditioning

e W H-heuse-has-room-aireonditioning

=480 ARWh e P renformatior-about-nir comditioner

il3
PR bA
AeWhexe ‘[ARE,, { ! ! Yl
b;ﬂ:&nruxmgi, [ (Ca———

c-m;-t;%»nu-\ S

H*-RRT\HWW

Demand-Saviags
AW — W Hhense hasRe-ti-conditoning

=AW heusehas-eentrabirconditioning
=akW o ihouse-hus-room-aireepditioning

AW = e
P Erom- NS -datn for- PRI from 20022000 - HDD6 33033 ped HDIA2—3820

Y parcentage of houmes with-sie-conditiving-trem- UG data;
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—— EFLH oo aac—Equivalont Full- Lead-Cooling-hours-for- Room-AG{See-table-below)

Qoo AC = Adjustmentfactorto-relate-insulated-area-to-area-served-by-Reom-AGC

uhits
Default values-for-algorithm terms; Ceiling/Attic-and Wallnsulation
Ferm Type Value Source
DUA Fixed 076 OH-TRM'Y
SEERCag Variable Defaulitvalues: PUGC-TechnicalReference Manuat

Eady-Replacement=10
Replace-on-Bumout =13

14 sagans oEOhieE ~Eflie . SN 1 Refe M 10 S forthaPublic Ltilities C. 33k L0 by
...... IRtO-TRerEY Preg torthe-Pabte-thtiesC OBy

Mmmmnw&ﬂ»mwa-e%
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Tem Type Value Souree
NS - Variable Defasht =68 DOE-Federat-Test Procedure10-CRR-430;
Appendix-F{Usedin ES-Galculator-for-baseline)
Nameplate Gontracior Data-Gathering
GFzac Fixed [otwee] RUGC Teshnical-Reference-Manual
CFaag Fixed 658 RPUG-Teshnical-Reference Manual
Froom ac Fixed 038 Calculated'"
EFLH-GDB-and-HDD-by City
ERLHcal EFHowol rRac SDD-{Base-66)""¢

Location {Hours)™™ | (Houre)'"®

Uet-Gas-Teritory 515 161 1106
Freeridership/Spillover

Uniibstudies-have boen-periormed-to-determine the- free-sidership-and-spilloverthe values ure assumed-10-be zeore-

Mensure Free-Ridership Spilover
Window % 0%

Memivre-l-ifetime

Wittderer 30
SeureeNREE-Measure I xatabase:
AHer-Ravings
Fhere-wre-ne-water-savingsfor this-megsire:

' ~F~wm-?&-{—0 MWV—WMWM T _averipepimber oftromAC i perhivie =2 h—rvrerpe Room
- &.—(—Metekmsr—whwn ﬂWKWMLﬂ'
Wuﬁ*mwﬁ\'k%%wn%wwdm&%ﬂ RS L LT RS kS 5 LI L

HLPAZOISTRM Avernpe o Hamisburs and-Adestownfor AL

A 2015 FRM-Average-oiHar isburg-and-Adlertove-ft-RAC

" Lrom-Degreediymiet-for-Reading- PA- avernge aniual-from-Decembrel 20 12-to-Deeembrer-20 1 5.
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G.—Domestic Hot Water End - Use
D Low Flow Showerhead

Hitigue-Messure-Codels 8D
Braf-date——2AHES
Effevtivedate—TBD
Fad-date———FBD

Mensure-Deseription
Fhismreasurerelatesto-thetmstal llion-ol- jow-Jow showerhead-Hn-a-home —Fhisare-retroli-d weot-tnstal-neosire:

Definition-of-Baseline-Gomndition
The-basehineis-the How-ratevithe siowerhend-beingfeplicedHthiv-hinotavatiabletbasehne ek ol 25-6RM
witthbe wed:

BefinitionofEffieient Condition
The flovwratewlthe-etlicientshowerhead-should-be-grevter thai-the How-tute-orthe-haseline condition=-1f-this-value
is-nol-avirlable-it-is-assumed-to-be LS GRMY

Water Suvinpgsdgorithms
Fhewaterstvingsfor-low-flov-showerhesds-are-due-to-the fedaved-tmount-owater-being-used per-shower:
GRMy; GRM;
( M’zm_ w7 248 % 1163365
Hons—= o
Atrallons 16

Where

Aballons GeHonsofwatersared
GRM,, - = Maximom-geHonsper-mingte of basehineshowerhead-Defouh =25
GRM-Emensuted rute-iv-natuvailable’

CrRM, = Muaximuni-gelons- per-anute-of the-efficient-showerhead

298 = Averege-numberof prople perhousehold'

H-6 = Average-galtonsof-waterper-person perday-used-for- showering'”
363 = Bays-pervess

=6 = Average-number-of showers pert-hume’

AnturaHoovSaviags-Algorithms

"’:—Pennsylwnin—}lt&#ic-{:‘{ilhy-(—‘wmnéwk»r-:\ﬂv{-l“-'i'wlmieul-ke&-mree—Mnmmi-(—kme-}ul-H
PR e Bnerpy-Bolier-Aet 01992 esiablished thetnonimumrHovwatefoi-showetheads w25 pablons-per-minate {GPM)
e -Pmmviwnm—&:ﬂmw@&—@q»&mm;—’ml
st y-grioted-vilue efgalves of-water- tml-wo—pewnuw—«&w—(uuhkhn&m—l:—\-4 sHviotmea-Rrolection
A e seRse T doe - BEPia wan- epit govAwatebmtseddorsiiome—suppati SOK-pdi)
H_ Eitimmte Dot beview o mber-ofstudier

ei—Pact e Northwert-abasion—Eietgy-Savings-em-Kierg-Effeiem-Showetheads- REM P-Cose Stndy-Rentine

meé—!-\rﬁlummv r\’:dw Hhm-mxl l-‘wgimn I)ﬁogn—lmplu—u!km

CHENEMipitive! )
&y—Rast-Bav-Munhepud Hitibe- Bistrict = Water Cotnervation-Market-Reaetiation-Sudy”
http—=woww—ebintdconrs tesdetizphi-Hles pdi-marhei-penet ation-shiudy—6 pdi’
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Gusrenergysavitgsresohi-fomreducingthe-emouptofincomingeold-waterreditred-te-he-heated-dieto-the
efticient-showerhend:

 fatetiens < B30 0 106 — 553 £ 1G0B050

AMMBE
REnmy
Where:
AMMBta = MMBurofFsaved natural-gos
-3 = Constuntto-convertgallons-topounds-(ths)
¢, = Averuge-spectic-hest of-witer-t-temperature runge-HH00-Brdtb-215
IS = Assumed-temperature-of-water-conting-out-ot-showerhead-(degrees
Fuhrenteit)
35 = AssumedHenmperatire-of- Wﬁeer—emefme—heusehleafee:—HhFeﬂheﬂ)
[Z2 00 = Recovervefficiency-niihe dontestic-hotwater-heater=15%4

Eleetrie-Saviags-Algorithms
ttsrassunted-thataH-ow-{low-showerheads-nstalied-under- B4 WosEHIRP-progrant-are-tnstated-n-homes that-heat
witter-tsing-natural-gas—1 here-are-neradditional-electric-savings-claimed:

Freeridership/Spitlover
Uettstindies-have beerrperformedto-deterntne the free ridershipand-spiover—the-vialvesaretssumed-o-be sopo:

Persistence
Fhepersistencetucior-irassumed-to-he-one:

Meavuretifetimes
Theneastrettiv-ola-low-llow-showerhend-is-assuned-to-be G years' ™

24— Low-Mow-Faveet- Aerators

Haijte-Messure Codets+8H
Deaft-dater———— 24445
Ffteetrvedute—FREB
Eaddate———FRD

Mensure-Deseription
‘FThis-measure relites-to-the-istatetion-ofa-low-ow- teneet-perator-ta-either-a-ktehen-or-bathroon-

Definition-of-Baseline Condition
Fhe-baseline-tv-the Foverate- of-the-existing-favcet—t s -is-noravauble-rgeneral v assumedthata-faveet-will
rendy-herew-standard-fascet sermtor-using 2-2-GRM-:

H e th - 3 A3 P A\ GOk
- TR Rt the veraps n..., FatHee: Thverage
4 e dasian A || 14 3 Liby 2liaa i | 2 T
e fhedetora-g rehmdiauppiiemprommatiresipy
‘ ‘—kewew—ﬁ—AlH&H)mﬁHw%{MHﬂmﬁm tefn+i.al|oig~ %nr—new Gad M%—W%-HJH»H&N
T .‘..‘V(D bythe Norik CH DPTYPRRTNN $9 % YRS 2, | O Y Y | Lo d et LR g A 1
enistig-titirs o-by-the-Northeistne py-Efficien-Partnet ships—brHd - Fechnieat-Referenee

Verston-1-t-oiuber-2046)
P pennsy lvanis- Kublic Utitiy-Compvission-Aet 120 Lechnieal- Refesence- Manual-+ June 2041
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guEL

i
|

&
E
iﬁ

Eleetric Savings-Algorit
asmg—nawfa!-geq—'lihere—am\eaé&““‘ leetrie-sevings-elaimed

28 g
TORT

Act129 Teehnical-Refe M Fhuna 2011
Aet2 e 201
[ inFaey it N I Sa ovie
Pt Feeus Evatunton-Defudi-D SavingsReviewJune 2008
hitt-Lhauay: N St A vabuatianacacd 4 : o
bt —Ielanag —Syster -~ POFLF

déf

427

a T O8 3334
e P e RSP Pe;
B 4 R4 and-A £ D d4-Side
S5-ahd it 516 yHae
4 et "\K' ar £ 14 \"‘:4" o : ne L‘A\.Ar"
bty . /5it Tdaf: 1.44'1 fad it 1 H .4.!1..411‘
e B paismarkel—pen Sty

:::M%MWMMRMMWM
" See—assumptionfor low-flow-shower-head-
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FreeridershipiSpillover
Untibstidieshave-beerpesformed-to-detepnine thefrearidership-and spitlover-the values-areassumed-o-beyere:

The-persistence-factor-is-teswmed-to-beone-

Measure-Lifetintes -
Fhe-measuretife ofu-iueerneratorisassumed-te-ha-l 2 years'

25) — Efficient-Natural Gas Water Heater

Unigue-Measure-CodesH-EBD
Drafrdate—24HE
Effectivedate——F8D
End-date——FBD

Meem&%e&p&wn

Fhismeasure-relates-to-an-efficientnaturehgos-witer-hester:

Befinition-of Baseline-Condition

Fhe baselne-is-the-enereyfactor b -of the-enistin o—w&{er—h«ﬂe;—ﬁ—pe«%hle—the!:k—m—th&eﬂmo—wmeﬂm
sheuld-be-used— HM};&WWMM&&H%W%}MM—M—&&M

Pefinition-of Efficieat Condition

Fhe-effivient-conditionis-a-patursh-gas-water-heater-thetis-more energy-eflivient-than-theexisting-witer-heater:

Water-SnvinpsAlgorithmsy

Natoeal Gus-SavingsAdgorithms
MMBusuvings-are-reahized-due te-the trerease in-ethieiency-factor (0 of the pew-equipment-MMBiw-saviags
vitry-be-edqiipmenttype-dueto-diffurences-in-model-speeific baseline-Fi-nnd-high-efficieney-Fk-percentnges
Sevings-are-cateulated-Fom-the- baseline new-unitie-the-instatled-etfieient urit—Fhe-folewing fermulu-for-gas

savigsts-hased-on-the POE test procedurefoswater-heaters:
1 1 045-%-365
A ‘n‘!n’_‘ — s €
16664080
Where:
e = EnerpyFacierofbuseline waterheater
K e = Epergy-Faeterofetficientwaterheater—H combi-boilerase-AddHz
H=HS = FuetorusedHin-DOEtestprocedure ulgorithm
63 = Puoysintheyear
Eleetrie Savings-Adgorithms

""" Pennsyivartia- Pﬂbhc—‘c‘hhu—eemnmwmmm-lJﬂ—m—hmnrl—!%eleeew1un«nl-l—kme—’e¥LH

1% s o i OTHIVN el B, AV
From-Mass-Sive-Musstchsetis Trehnicat-Reforence- Manui-for-Estimuting Savingstrom-rergy Ffeiency Mensures:

lmwmdmm—\-ﬁ!—Hﬂﬁ—\ser«mu—Uek-her—%l—@—?&gé%
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EreeridershinSnillover
Persistenee

Measure Lifetimes s

26— Heot Water Heater FankTemperature Turn-down

. toasureCodels)—TRE
Braft-date—— 24415
End-dete————TBD

Meaow&l)mﬂphon

Pefinitionof Baseline-Condition
Fhe-baseline-is-thetemperatoresatting-of-the existng-weter hegter—ustaty-abeve 357K

Befinition-of-Efficient Condition
Fheefficient-condition-isthe-new-setting pointfor-the-hobwater heater 264~

x
000000
AMMBtu= Fome ki

Surface-aren-of-hot-water-heater tit))
Qéginahempemmiﬁsidﬁhﬁunk*“ﬂ“—hﬁum&lé&“&#lmmw
New-temperature-inside-the tnkCFr=Assume 20"t no-other
information-provided

i

g

18 g .
fetea-flan i d o Jdoar{i} 11l H . 1 JL > N
Bpivrew-decresouriosre eFB 14 ‘downle ad LSttty —H—-082ds
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- — = Rovahse-ofihe hotwater heerth Pt Bug =50
64 = Nuntberol-hourshra-year
RE g = Recoveryefficiency-of the domestic hot-water-heater-=75%""
1400000 = BiutedB

FhetoHowietableprovidessurfaceareasbased-en-thenumberofpaHoasthewaterturk-can-hold-alongwith
deemed-savings-valtes-using theasshmptions-above:

Feotnl Anpual

Water Heunter Heigltt Pinmeter Surfnee Savings

| SizetGal Unehesyr Haehesyt | Arenift) MMBas
| 30 60 +6 207 i
| w0 6l 165 343 -1
I 50 33 18 319 SEE)
| | ee 54 20 39.0 437
X prom-Nen-tork-Standard Approachfor-fstimat Chergr-foffictenerfrogram Ociober
32040 LagaN
Wmm&ﬁw%mﬂm%
FreeridershipSpillyver
Yitthstdhoshave-beenperformed-ia-determine the-freeridershipund-spiloverthevaluesure tiurted-to-be zere-
Persistence

Fhepersistence-tactpriy-gssummed-to-be-one

MensureLifetimes
Fhe-memsureHHe ol temperaturereductionin-a-patural-sas-water heater s assumed-to-be2ears'

Haigre-Meastre Codets-FRD
Braftdate——23 24405
Ffjeetive-date—HD

Mensure-Deseription
Fhis-measorerelotesto-repairing-anv-leaks-Fronrhotwater pipes:

BDefinition-of Baveline Condition
Fhe-basehnecondiionistheamountoiwatertenking tronrthe hotwater pipe-perarie

b -‘rﬂkﬂﬂiéé-w*g-ﬂwnmewd«&w%w%mud stFfRce-pfet o New Y mr-Sktmdordtppronchfor
Mmfmfme-# - 2 L ffictahes-irogromn-(Oetehe 1 5 20 - Page 08

Cm)

* page. -1-W—Vemwm—reehmtal-&l-e§eoeﬁee—%hﬂual-mni New-JerserClentEnergy-Rrogrmn-Pestacels
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Definition-of Efficient-Condition
Fheelficient-condition-is-no-hotwiterleaking-fronthe-hotwaterpipe:
Water-SavingsAlgorithms

Fhe-water-seved-is-the-amount-of-water-thot-istosigue-to-the-leak—Fhe foHowing table- providus-the-deemed-water

Leak-Fype Asnount-per-Minute Gallons-per-Bay

Slow-Steady-Drip 100-drips 144t

SmaH-Stream +-eup-(8-f-oz) $9:28
£ A-drip-ts-assmed-ro-be-0-000 1 gallons™

Natoral-Gax-Snvings-Algorithms
Gus-sevingsresuli-from-the-avoided-energy-used-to-heat the-water-wasted-from-the-Jeak-

AMAME:
OIS

REpaw
Where:
AMMBtu = MMBioefsaved-natural-gas

83 = Censtantto-vonvert-galonsto-peunds{bs)

€, = Averagespeeific-heat-of waterattempereture-range-H-06-BiuAb-°1)

55 = Assumed-iemperature-olwaterentering-house (degrees-Fahrenhein™

R s = . sté - ggostH
Fhe-following-tuble-provides-dvemed-gassavingsvalues-based-on-the-deemed-weter savings;-the-glgerithm-outlined

above-and-the measure-Hresfrofrbelow-

Slow-Steady-Brip 087
Fast-Drip 687
Swath-Stream 35

Eleetrie-Saviags-Algorithms
H-is-assumed-thatall-leals-repaired-are-for-homes-that-heat-watee-using-natural-gas-water—There-are-po-ndditional
eleetrie-savings-clonned:

. . 0

¥reeridershipSpilover
Until-studies-heve beenperformed-to-determine-the-free ridership-end-spilloverthevaluesare-assumed-to-bezero:

" ~ - L . . i, Ha

A-gova-Bppr ot Bverguewate e PUFat ag H-temperatire— a2

? N e ea e b X K ~ P ; : - o
woier-main-temt 552 F-based-on- htip:Lwd nede-noas govdingd Hbrasylelimé tsupp3iemphornel—hires jpg
[ELI Y ran-fortaw sl } |

e f fortow-How-5: head:
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Persistence
Fhepersistencefactortsassuned-to-be-one:

%&Wv—k%ﬂpﬂim%ﬂm ks stastenzasthedenk-would-not-have otherwise-been-fised REW
Mnﬁmﬂﬁm&%ﬁlm%wmm%mmc%lﬂe leak-and-has-adiusted-thefoHewing
masttre Hictesto-gecounttor-this:

Eenk-Fype LiHetime
Small-Stream Fweak

28} DHW PipeInsulat

Usiqee-Mestre-Code(:—FBD
Praftdate——124445
Effectve-date—TBD
Enpddate——TBD

Measure PDeseription
Fhis-measure-relatesdo-ins

BDefinitiva-ol-Baseline-Condition
“Fhe-basehne-condition-tthectrrent-insulation thickness-on-the-hobwiter pipe:
Definition-ef Kificient Condition
;I' ¥ Y N H FEYS

Hthe-diameter-of-the-coldhotieedsdirecth-tofromthe storsgetank-is-1 ot less—amarimun-densth- o three feet
for-both-the-cold-water-infet-sud-hot-waterautletpiping uhove the-tank-(six-total-feet-perumitwil - beineludedin-the
savigs-eahenttionsunderthe-program-and-should-be-instaHed-n-accordance-with-best-practices:

Forepeh-Yeinvrense-in diameter ofthe-hotHeed-direetly-rom-the storage ttk-bevord+Han-additienuho erath-of
pipe-tisiation-should-beinstated-alongthe-hot-watersupph-piping-only-snd-the add itionabsadngs-witbhe-eredited:

Ha-DHW-recireulating systent-ispresent-atHhobweater-supph-and-rettrn-piping-aecessiblewithoutdemotition
should-be-tnsuleted-and-the-additionalsavingrwill-beeradited:

M&MMHWMWM&WMMWWMwwW
dimeter-pipeshottd-he-sthted-with——treh-instlation:

Hothe-hot-witerpiping-dismeteris-tn-other thara- e inerement—the-dimension-should-be-rounded-othepext
protocoHnereRent

In-the-event-that-the-ahove-appenrsnokto-cover-the-speeitic-DHW piping etreun staneesuitable-pietures-and
deseriptonsshould -be-sento-POW-ar-their-implementationcontractorforfudament

2 Recommendation- bissed on sethod-pioneered G- R e expert-onHHW-bused-in-Calitomia
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Datueal-Gas-SavingsAdporithms

{Heatboss(Thumsy — Heatboss(Thay; })

REpm——1608;000

——ength = Number-of-linearfeetofsteam-pipe-insulated
Thye = Fhicknessof-buse-condition-insulation-tinches)
Yha = Thicknessofeffis tion insulstion G
Heathbossty) =  Heatloss-through-hot-water-pipe-as-ttunction-efnsulationthickness{Brai-Avr)
REpuw = Recoveryeflicieney-of the hot-waterhester=75%""

xxtmxx%%%
i
i

:

L% &

Fhirtable-was-ealonipted-using-the Nordh-Amneriean-tnsulation-Manufacturers-Assoeiation s-NAIMA S E-Pus-4-06
InsutavonThieh ComputerProgram—thefolowing assumpHons-wereused:

HemDeseription = dhw-pipeinsuletion
Systenr-Apphieation Pipe—Hortzontal
BimensionatStandard =  ASIM-LC383Rigid

Proeess—Femperature = 120
Anbiert-tempesatare = 60
WindSpeed = 0

1

| [ELONN ion-fortowlow-ck haad
- f for-towHow-sh head
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NominahRipeSize = 073
BareMetal =  Copper
BareSurface-Emittaee = 06

insulation-bavert = Pelrstrrene PRty
OuterdacketMaterial =  All-Serdeetucket
Onter-SusfueaBmitiance = 89
Eleetrie SavingsAlgorithms
Fheretreno-electrv savingsassociated-with-Hiis-measure-
Ereoriders "l’ﬁlsﬁil‘i Ve
tH-studies-have-been-performed-to-determine-the-free ridership-and-spiHoveethevalues-gre-ussumed-to-basare:
Persistence

Fhe-perstsiencethetorrrsnned-to-beone:

Mensure Lifetinies

‘Fhe-measuretieiasumed-to be 20y e .

Mensure-(Cost

The mensure-cost-i-the-eetnl-eostotinstalling-the-tnsulaton-both-muteriulsand-laber:
-s-ussumed-thetthere-arene-OdM-eost difterences-betweenthe etficientand-baseline equipment

Unique-Measure Codetsy—Thb
Pratt-date——1244448
Efteetivedate—BD
Ead-date——ABD

Mensure-Deseription
This-measvrefeters-to an-insulating “blanket thatis-wrey

pped-aroud-the-ottside-of-a-hot-waterienkto-rodueastand-

T

A arag | 1 sirseslatie v R PP 1 IS srdanblead 1 {orhidad Fa Y. 3 PN () 1 the

W atei-fretter tirpea-shittot-he-th whetefor by-the-ma S tid-o- Hy
ERYY

Hipepliie =

Dehnition-of-BaselineCondition
Fhe-baselinets-the-horwater-heatertank-without-the dnsulating -blunket

Dehnition-of-Efficient-Condition
The-effictent condition-tythe-hot-water-heatertank-with-the-insuleting-blunket-

MNYSERBA-Home-Rerfornanee sy ith-EneisSine
'"‘-Bm'lding-l*eﬂbﬁmh%lﬂsﬂhﬂefkh‘—.—]":-ehHkw!-f\'mmIvmI~~;«»4M~/Jﬂmﬂg#mlewﬂml.—ﬁe%ised—H%&l&l?.—l)age—lé-
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r

FHere BRE-HO-WEISF SRR due{o-tiHs-rReastre:
Gas-energy-savingsresul-from-the reductioninstandby Josses:

1 + § . 8760

Remms:

F

R-valieol-the-hotwater heater-with-the-insulati : blanked er
/B Flk
Originak-Rvalue-ot-the-hot-water breater{h-"F-A (Bray = 50" ualess
i . -
Area =  Surfucesrea-of-the-hotwoier heatercovered-by-the-insulating blanket
Y
Tuw = Femperature-inside thetank("F)=Assume120-"Eifno-other
o ) _‘ ]
T : : : i E"F: =35 e{j-k
Mennbesof-hoas-a-yeer

f

Foeeh
- aner: of " _ mzg R
RE Recovery-efficiency-of the-domestichot-water-heater —73%
000,000 Bru-to-MMB

Surfaeenre | RH

:
:
5

it

[108) W’}u &M’)

i
:gm'&.-scagg

F

H

.rza£¢§§§

Kleetrde Savings-Algerithms
‘ N instaled ﬁﬂli on-g-natural 265 fired hot 'Bf!FhE“!’ﬁg 5:‘5'( 56 there-gre-no-eleetric

AL tad otk i
SRS WA €

e

3 lass-co-otl: nd VAR LA AR fetpied—t §)
- HeptahS-So-e e AR5 ¥t 5 13
FANH FA7: TRTRAOE i1 I7a) 08
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V—l.lv. Non-Residential Time of Replacement
Market

A. Space Heating End Use

231) _ Efficient Space Heating SystemBoiler - ENERGY .

STAR®

Unigue Measure Code(s): TRD

Drafi date: 1214415
Etfective date:  TBD
End date: TBD

Measure Description
This measure applies o non-residential-sized (2300MBEH) gas boilers purchased at the time of natural replacement
A qualitying boiler must meet minimum efficiency requirenients (Thermal Lfficiency)

Definition of Bascline Condition
The elhcieney levels of the gas-fired boilers that would have been purchased absent this or another DSM program
are shown in the following table.

Baseline Thermal Efficiency
80%

Equipment Type

Gas Boiler

Definition of Efficient Condition
The installed gas boiler must have a Thermal Edficieney greater than that shown in the table below. Efficient mode)
minimum Thermal Eificiency requirements are detailed below.

| Equipment Type Minimum Thermal Efficiency'™
| | Gas Boiler — ENERGY STAR X~Fies-} 940%
| | Gas-Boiler-Fier-2 5385

Gas Savings Algorithms

MM B savings are realized doe to the increase in ‘Thermal Efficiency of the new equipment. MMBRu savings vary
by equipment type due to dilferences in model capacity and Thermal Efliciency pereentages. Savings are caleulated
from the bascline new unit to the installed efticient unit.

Capacityg, 1
Annual Gas Savings (MMBtu) = PACTt Your (

1
- X EFLHy,
1,000 '!.Elm.\e TEIf/I) oot

L4 X . . . .
| " hlpsdin s w.enereystar govsproduciyheating cooling commereial_boilers
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= Qutput capacity of equipment to be installed (kBtu/hr)

Where:
Capacity gy
1,000 = Conversion from kBtu to MMBtu
TEpase = Thermal Efficiency of new baseline equipment
TEex = Thermal Efficiency of new equipment
EFLHyen = Equivalent Full Load Heating Hours
Equivalent Full Load Heating Hours by Building Type

Building Type EFLH™Y

Multifamily 1663

Education 1772

Food Sales 2140

Food Service 2342

Health Care 3220

Lodging 901

Retail 1760

Office 1688

Public Assembly 2031

Public Order/5afety 1449

Religious Worship 1748

Service 2872

Warehouse/Storage 1213

Electric Savings Algorithms

Not applicable.

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

Gas Boiler

0%

0%

Persistence

The persistence factor is assumed to be one.

M ¢ Lifetimes
Egquipment Type Measure Lifetime
Gas Boilers 25

Source: Consorijum for Energy Efficiency, High Efficiency Commercial Boiler Systems Initiative Description, May
16,2011, p. 17. Lifetimes range from 24-35 years,

13! Erom NJ Protocels for Philadelphia, adjusted for the PGW evaluation and UGI Gas territory relative 1TDD.
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Water Savings
There are no walter savings for this measure.

2) Efficient Unit Heater and Infrared Heater -

Unique Measure Code(s): TBD
Drafl date: 12044117

Effective date:  TBD
End date: TBD

Measure Description
This measure applies to unijt heaters and infrared heaters purchased at the time of natwral replacement A guatifving
heater must meet minimunm efficiency requirements { Thermal Etficiency).

Definition of Baseline Coadition
The etficiency levels of the gas-ticed unit heater that would have been purchased absent this or another DSM

program are shown in the [ollowing table.

LEquipment Tvpe Baseline Thermal Efficiency

Gas Unit Heater 80%

Definition of Efficient Condition
‘The installed heaters must have electric ignition and use non-conditioned air for combustion A unit heater that is not

an infrared heater must have a thermal efficiency of Y0% or greater. An infrared heater must have a thermal
efficiency no less than 80%

Gas Savings Algorithms
An increase in Thermal Efficiency of the new equipment compared to the baseline heater witl provide energy

savings for either an efficient unit heater or an infrarcd heater. For an infrared heater MMBuwu savings are also

realized due to the lower ajr temperatures that may be maintained with an infrared heater compared o @ more typical
unit heater that only heats the air MMBtu savings vary by equipment type due to differences in model capacity and

Thermal Etticiency percentages. Savings are calculated trom the baseline new unit 10 the installed etficient unit.
Capacityp,, ( 1 UFr

Annual Gas Savings (MMBtu) = ) X EFLHyeqe

1,000 TEpase TEgyy
Where;
Capacityg,, = Qutput capacity of equipment to be installed (kBtu/hr)
1,000 = Conversion from kBiu to MMBin
TEpy = Thermal Efficiency of new baseline equipment
TEey = Thermal Efficiency of new equipment
ur = Usage factor for infrared heater compared to conventional unit heater ¢ 75%)'"
EFLH;ie, = Equivalent Fuli Load Heating Hours

Equivalent Full 1.oad lleating llours by Building 1'vpe

'%? Based on 25% savings asssmption for infrared heater compared 10 copventional unit heater from
Connecticut technical reference manuals as of June 2016

December 484, 20175
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Building Type EFLH®?
Multifamily 1663
Education 1772
 Food Sales 2140
Food Seqvice 2342
Health Care 3220
Lodging 901
Retail 1760
Office 1638
Public Assembly 2031
Public Order/Safety 1449
Religious Worship 1748
Service 2872
Warehouse/Storage 1213

Eleetric Savings Alporithms

Not applicable.

Freeridership/Spiliover

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

Equipmeat Tvpe Free Ridership Spillover

Etiicient Unit Heater 0% 0%

Infrared Heater 0% 0%
Persistence

The persistence tactor is assumed to be one

Measure Lifetimes
Pl

Equipment Type Mensure Lifetime
Uinit Heater 18
Infrared Heater 17

Source: Massachuselis technica) reference manual as of June 2016,

Water Savings
There are no water savings for this measure,

153
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3) Steam Trap -

Unique Measure Code(s). TBD

Drafl date: 12/14/15
Effective date: TBD
End date: TBD

Measure Description
This measure applies to replacing non-residential steam traps on heating systems or repair of the sieam trap by
replacing the internal working parts with a new insert.

Definition of Baseline Condition

The baseline criterion is a faulty steam trap in need of replacing. No minimum leak rate is required. Any leaking or
blow through trap can be repaired or replaced. If 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 to be leaking on average from the studies hsted. If an audit

is performed on a site, then the leaking and blowdown can be adjusted.

Definition of Efficient Condition

Customers must have leaking traps to qualify. llowever, if a customer opts to replace all

traps without inspection, the savings are discounted to take into consideration the fact that some

traps are being replaced that have not yet failed. This measure may consist of either installation of a whole new
steai trap or replacement of the internal working parts with an insert.

Gas Savings Algorithms

Hv
AMMBtu = S x (?) x Hr % A % L /1,000,000

Where:
AMMBtu = MMBtu of saved gas per year

N = Maximum theoretical steam loss per trap {Ib/hr/irap). See table of
values

Hv = Heat of vaporization of steam, (Btu/lb). See table of values.

B = Boiler efficiency, (%)

Hr = Annual operating hours of steam plant. See table of values.

A = Adjustment fuctor 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 factor is 100%, if unaudited and
unknown if leaking, then see table of values below.

1,000,000 = Btuto MMBtu

Steam Trap Algorithm Input Values
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Leaking &

Avg Steam | Heat of Default Blow-thru
Steam Trap Loss, S Vaporization | Boiler Operating factor for
Application and ‘lblhrltrap) Hv Efficiency | Hours, Adjustment | unaudited
Pressure 54 {Btu/Ib)'* B™ H' Factor, A" | traps, L'
Commercial/Multifamily,
low pressure 13.8 951 80% 3,106 50% 27%
Dry Cleaners 38.1 890 80% 2,425 50% 27%
Industrial Low Pressure
PSIG<15 13.8 951 80% 7,752 50% 16%
Industrial Medium
Pressure 15<PSIG<30 12.7 945 80% 7,752 50% 16%
Industrial Medium
Pressure 30<PSIG<75 19 928 80% 7,752 50% 16%
Industrial High Pressure
756<PSIG<125 67.9 894 80% 7,752 50% 16%
Industrial High Pressure
125<PSIG<175 105.8 868 80% 7,752 50% 16%
Industrial High Pressure
175<PSIG<250 143.7 846 80% 7.752 50% 16%
Industrial High Pressure
PSIG>250 200.5 820 80% 7,752 50% 16%

Fiectric Savings Algorithms

Not applicable.

Freeridership/Spillover

Until studies have been performed to determine the free ridership and spillover. the values are assumed (0 be zero,

Equipment Type

Frec Ridership

Spillover

Steam T'raps

0%

0%

Persistence

The persistence factor 1s assumed (o be one,

"™ Resource Sulutions Group "Steam Traps Revision #1” dated August 2011,
Heat of vaporization ol stcam at the inlet pressure to (he steam trap, Implicit assumption that the average boiler

nominal pressure where the vaporization oceurs, is essentially thal same pressure. Reference Resource Solutions
Group "Steam Traps Revision #1" dated August 2011
¥ California Energy Commission Efficiency Data for Steam Boilers as sited in Resouree Solutions Group "Steam
Traps Revision #1" dated August 2011
7 Resource Solutions Group “Steam Traps Revision #1" dated August 201 | which references Enbridge service

territory data and kW Engineering study. Commercial/Multifamily houss adjusted to UG territory based on the HDI base 55 1n
Reading, PA relative o Chicago, 1L,

15%

Lnbridge adjustment factor used as referenced in Resource Solutions Group "Steum Traps Revision #1" dated
August 2011 and DOE Fedetal Enetpy Management Program Steam Trap Performance Assessment.

" Pry cleaners survey data as referenced in Resource Solutions Group "Steam Traps Revision #1" dated August
2011 Iftrap is known to be leaking. then Uiis factor is 100%
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Measure Lifetime
6 ycars"’“

Water Savings
There may be water suvings for this measure, but the amount has not been caleulated.

¥ Source paper is the Resource Solutions Group "Steam Traps Revision #1” dated August 2011, Primary studies
used to prepare the source paper include Enbridge Steam Trap Survey, KW Engineering Steam Trap Survey,
Cnbridge Steam Saver Program 2005, Armstrong Stecam Trap Survey, DOF Federal Energy Management Program
Steam Trap Performance Assessment, Oak Ridge National Laboratory Steam System Survey Guide. KEMA
Evaluation of PG&E's Steam Trap Program, Sept. 2007. Communication with vendors suggested an inverted bucket
steam trap life typically in the range of' 5 - 7 years, float and thermostatic traps 4- 6 years, float and

thermodynamic disc traps of 1 - 3 years
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H.G. Commercial Kitchen End Uses

41)  Commercial Convection Ovens R

Unigue Measure Code(s): TBD

Drafl date: 12/14/15
Eftective date:  TBD
I:nd date: TBD

Measure Description
A generul-purpose chamber designed for heating, roasting, or baking tood by forcing hot dry air over the surface of
the tood product. The rapidly moving hot air strips away the layer of cooler air nest to the food and enables the Tood
10 absorb the heat energy. For the purposes of this specilication. convection ovens do not include ovens that have the
ability o heat the cooking cavity with suturated or superheated steam. Maxiniuny water consumption within the oven
cavity must not exceed 0.25 gallons/hour. Ovens that include a hold teature are eligible under this specilication us
long as convection is the only method used to fully cook the food.

e Full-Size Convection Oven: A convection oven that is able to aceept a minimum of fise standard full-size

sheet pans meusuring 18 x 26 x L-inch.

This dees not cover ovens designed for residential or luboratory applications; hybrid ovens. such as those
incorporating steam and/or microwave settings in addition to convection: other oven (ypes, as delined in Section 1.
including combination, conventional or standard. conveyor, slow cook-nnd-hold, deck, mini-rack, rack, range. rupid
cook. and rotisseric ovens,

Definition of Baseline Condition
Cooking energy 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% '
Biuh
Additional criteria:
1) Must be full-size (for gas)
2)  Have been instalted in compliance with manutacturer instructions and meeting al) applicable local. State.
und Federal codes and standards:
3)  Are third-party certified 10
a. NSF/ANSI Standard 4. Conumercial Cooking., Rethermalization and Powered 11ot Food Holding
and Transport Equipment
. ANSIAUL 197, Commercial Electrical Cooking Appliances (electric ovens anly)
¢.  ANSIZB3.1). Gas Food Service Equipment {gas ovens only)

and an Idle Energy Rate less than or equal to 12,000

All criteria are the sume as the ENERGY STAR label.

Gas Savings Algorithms

The following shows the expected gas savings ITom a full-size commercial conveetion oven meeting the above
e N g+ . - . > 3

specifications. These savings come from the Energy Star caleulator, ™

Annual Gas Savings (MMBtu) = 12.90 MMBtu

U RENERGY STAR caleulator defauli inpur.
' Using ASTM Standard F1496-99 (Reapproved 2005) based on heavy load { putatu} cooking test,
" hep:tiwwawenergystar.gov/indes. efimfuscaction=find_a_product showProductGroups pgw_cade=COO
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Electric Savings Algorithms
There are no electric savings from this measure.
Energy Savings

AkWh =0 kWh

Demand Savings

AKW =0 kW

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

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

Equipment Type Free Ridership Spillover
Commercial Convection Oven 0% 0%
Persistence

‘The persistence factor is assumed to be one.

Messure Lifetimes

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.,
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2) Commercial Combination Ovens

Unigue Measure Code(s) TBD

Drafi date 1204447
Litective date: 1D
IEnd dute; TR

Measure Description
A devive that combines the function of bot air convection (oven made). saturated and superheated steam heating

(steam mode), and combinalion convection/steam maode for moist heating, to perform steaming. baking, roasting,
rethermalizing. and proofing of various food products. In general, the term combination oven is used to deseribe this
wype ol equipment, which is self-contained. The combination even is alsa referred Lo us a combination
mven/steamer. combi or combo,

Definition of Baseline Condition

A haseline cambination osen is one What is not Enerey STAR certified. Baseline cooking energy eliiciency is
assumed 10 be $2% for convection mode and 39% lor steam mode Raseline Idle Energy Rates depend on the
number of pans. Sec the following table, "

mmﬂﬁ“" .

Fenveclion Mot e
R (B

Stwunftade fdiRne

<15 8,747 18,656
15-30 10,788 24,562
>30 13,000 43,300

Definition ol Efficient Condition
o quality for this measure, the installed equipment must be a new combination oven meeting the ENERGY STAR
idle rate and eooking ¢fficiency reguirements as specitied below. ™

Co bination ()\en ENERGY STAR Regulremen(s ‘

E

Steam Maode < 2!]()f’~6,)l i >4l
Convection Mode < 150P+5423 > 56

12 = Pan capacity as delined in Section 1.8, of the Commercial Ovens Irogram Requirements Version 2.1

Gas Savings Algorithms
The following shows the expected gas savings from o commercial Lomhnmuon oven meeting the above

specifications These savings come lrom the Eneray Star calewlator.”

+ AldleEnergyegn e +

Annual Gas Savings (MM B 1) = (ACooKINGERErEY com gas = ACOORINEERCIOY qemius.
Al ENeTEV g aumea) * Davs /£ 1.000.000

™ ENERGY STAR cateulator defandt inpud,
% ENERGY STAR Commercial Ovens key Product Citeria
http://www.energystar.gov/index.cfm?c=ovens.pr crit comm_ovens
"% pan capacity is defined as the numper of steam table pans the combination gven is able to accommodate as
per the ASTM F-1495-05 standard specification.
htip://www.energystar.gov/pi oducts/specs/system/files/Commercial%200vens%20Proaram%20Requirements%20V2%201.pdf
2965d-¢5ec&3b06-d2f5
T hgpdaswn enerpystar, goviindes cfimuseaction=lind_a_productshowProductCiroupdpen_code=C0O0
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ACookingEnerdy e e = L.Bg s *AEFQOD

ACookingEneryyoni = LB, PHEFOOD; SteymBase s

AldleEnereyeon G, = HGastDLEco gy B dGasPCoanpred ™ Yocom )} - {GaslDLEcoppp*
UHIOVRS - 186,/ GasPC i) * Yoegm )]

AldIeERCrEy s eino, = [(GastDLE pase T UHOURS — LG, 1GasPC yempans) ® Yogeqn ) - (GuslDLEg g+ -7 {Formatted: Indent: Left: 0", First line: Q" ]
* (HOURS - LB, /GasPC semer) * Yosiomd)]

.- (Formatted: Not Superscript/ Subscript ]

Where
ACookingnergy, aug._ = Change in total daily cooking energy consumed by pas oven in convection . -""'{Formatted: Indent: Left: 0.5", Hanging: 1.5" J
mode
ACOURINGENCTEY sty = Change in total daily cooking energy consumed by gas oven in sieam mode | .. { Formatted: Not Superscript/ Subscript ]
AMICENCTEY Cyny oy = Change_in total daily dle energy consumed by gas vven in conveetion mode
AldleEnerey o cpncas = Change in total daily idle encrgy consumed by gas oven in steam mode
LB = Iistimated mass of food cooked per day tor gas vven (Thsfdayy
= Custom, or ifunknown, use 200 [bs (1FP <15), 230 [bs (I 15 <= I’ 30, or 400
Ibs (P = >30})
LFOOD G, = Linergy gbsorbed by 1oad product for gas oven in conyection mode
= Custom or il unknown, use 250 Bu/lb
Gasl:El = Cooking enerey efliciency of gas oven
= Custom or il unknown, use values from table below
Bise . KB
GasEFFcany 52% 56%
GasEFFgmam 39% 41%

= Linergy absorbed by food product for gas oven 1n steatn mode
= Custom or i unknown, use 103 Buu/lb

GaslDLE, = [dle energy rate (Bu/lir) of baseling gas oven

= Custom_or it unknown, use yvalues (rom table below

000

ey

Senvestion Wody Emnp Mode
un Qmogity (GuaiLE, } {BoalBt By ]

<15 8,747 18,656

15-30 10,788 24,562

>30 13,000 43,300

GiasPly,, = Production capaity (tba/hry of basehine pas oven

= Custom of if unknown, use values from table below

! o
Pon Capacity  + Semmation Moda amz_m;z,«
<15 125 195
15-30 176 211
230 392 579

GaslDLEC = Idle enerpy rtle of ENERGY STAR pas oven in conyvection node
= 150*P - 5423
Gasl*Cyy = Produciion_capactiy (Ibs/hr) of ENERGY STAR gas oven
= Custom ol it ynknown, use values trom lable below
Lanvsctiay Made Staom Mude
Pag Capacity 18e3PCeonpr) {GasPE. \

<15 124 172
15-30 210 7
>30 394 640
GusIDLE e = Idle enerpy rate of ENERGY STAR pas oven in steam mode
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=200*P 6511

Davs = Davs of operalion per year
= Custom or it unknown, use 363 days per yedr
1,000,000 = Conversion factor from B to MMDBw

Electric Savings Algorithms

There are ne clectric savings trom this measure.

Energy Savings
AkWh  =0kWh

Demand Savings
AKW = kW

Where:
AKWh = gross customer annual kWh savings for the measure.
AkW = gross customer summer load kKW savings for the measure

Freeridership/Spillover
Until studies have been perlormed (o determine the [ree ridership and spillover, the values are agsumed to be zero.

] LEquipment Type Free Ridership Spillover
Commercial Convection Oven (%% 0%
Persistence

The persistence factor is assumed (o be one,

Mceasure Lifetimes

| Equipment Tvpe Measure Lifetime

Commercial Convection Qven 12
Sources” CA DEER, MA 2011 TRM, ENERGY STAR

Water Savings
There are no water savings for this measure,

| December 184 20178
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| 30)2) Commercial Gas Fryer .

Unique Measure Code(s): TBD

Draft date: 12/14/15
Effective date: 1B
Ind date: TBD

Measure Description
An appliance, including a cooking vessel, in which oil is placed to such a depth that the cooking food is essentially
supporied by displacement ol the cooking fluid rather than by the bottom of the vessel. Heat is delivered to the
cooking Huid by heat transfer from gas burners through either the watls of the fryer or through tubes passing through
the cooking Huid.
o Standard Fryer: A fryer with a vat that measures >12 inches and < 18 inches wide, and a shortening
capacity > 25 pounds and < 65 pounds.
e Large Vat Fryer: A fryer with a vat that measures > 18 inches and < 24 inches wide, and a shortening
capacity > 50 pounds.

Definition of Baseline Condition
Heavy Load (French Fry) Cooking Energy Efficiency of 35%.
Idle energy rate:

* 14,000 Btu/h for Standard Frver

e 16,000 Btwh for Large Vat Fryer

Definition of Efficient Condition
Heavy Load (French Fry) Cooking Energy Efficiency greater thaw or equal to 50%.
Idle encrgy rate less than or equal 10

¢ 9,000 B/ for Standard Fryer

¢ 12,000 B/ for Large Vat Fryer

All eriteria are the same as the ENERGY STAR label.
Gas Savings Algorithms
The following shows the expected gas savings from Energy Star commercial fryers meeling the above

specifications. These savings come from the Energy Star caleulator. '™

Standard Fryer (per frypot):
Annual Gas Savings (MMBtu) = 50.80 MMBtu

Large Vat Fryer (per frypot):

Annual Gas Savings (MMBtu) = 79.50 MMBtu
Electric Savings Algorithms
There are no electric savings from this measure.

Energy Savings
AKWh =0 kWh

fex hup:/iwww.energystar. gov/index.cfim? fuseaction=find_a_product.showProduciGroup& pgw_code=COO
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Demand Savings
AKW =0 kW

Where:

grass customer annual KWh savings tor the measure.
gross customer summer load kKW suvings for the measure

AKWh
AKW

]

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

Equipment Type Free Ridership Spillover
Commercial Fryer 0% (W
Persistence

The persistence factor is assumed 1o be one.

Measure Lifetimes

Fquipment Type Measure Lifetime

Commercial Fryer 12
Sources: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings
There are no water savings for this measure.
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| 5)3) Commercial Gas Steamers (Cooking)

Unigque Measure Code(s): TBD

DraRt date; 12/14/15
Effective date: TBD
End date: TBD

Measure Description

Also referred to as a “compartment sicamer,” 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 counteriop models, wall-
mounted models and floor-models mounted on a stand, pedestal or cabinet-style base.

Deftnition of Baseline Condition

Cooking energy efficiency of 18% and [dle Energy Rate of 3,000 Btu/h per pan

Definition of Efficient Condition

169

Caoking energy efficiency greater than or equal to 38% and an ldle Energy Rates less than the maximum values in

-1 Formatted: Numbered + Level: 1 +

Numbering Styte: 1, 2, 3, ... + Startat: 1 +
Alignment: Left + Aligned at: 0.31" + Indent
at: 0.56"

the table below.
# of Pans Cooking Efficiency Idle Rate (Btu/hr)
3 pans 38% 6,250
4 pans 38% 8.350
5 pans 38% 10400
6 + pans 38% 12,500
All criteria are the same as the ENERGY STAR label.

Gas Savings Algorithms

The foliowing shows the expected gas savings from a commercial steam cooker meeting the above specifications.
These savings come from the Energy Star calculator.'™

# of Pans Annual Gas Savings (MMBtu)
3 pans 76.6
4 pans 86.4
S pans 96.2
6 pans 105.4
7 + pans 105.4+ 14 2 per pan > 6 pans

Electric Savings Algorithms
There are no electric savings (rom this measure.
Energy Savings

AkWh  =0kWh

Demand Savings

169

The baseline comes from PG&E’s online calculator at

http://Awww fishnick.com/saveenergy/tools/caleulators/gsteamercale php

| December 484, 20173

showProductGroup& puw,_code=COC

UGH Gas




95

AKW =0 kW

Where:
AkWh = gross customer annual kWh savings for the measure.
AW = gross customer sutnmer load kW savings for the measure.

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
Commercial Steam Cooker 0% 0%
Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

Commercial Steam Cooker 12
Sources: CA DEER, MA 2011 TRM, ENERGY STAR.

Water Savings
According to the Encrgy Star calculator the water savings would be 162,060 galtons per year for an Energy Star
steamer compared to a baseline steamer,
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6)4) Commercial Gas Griddle U

Unique Measure Code(s): TBD

Draft date: 12/t4/15
Effective date: TBD
End date: TBD

Measure Description
Single or double sided gas griddle.

Definition of Baseline Condition
Cooking energy efficiency of 32% and Normalized Idle Energy Rate of 3,500 Btu/h per square foot'”".

Definition of Efficient Condition
Cooking energy efticiency greater than or equal to 38% and a Normalized 1dle Energy Rate less than or equal to
2,650 Btu/h per square foot.
All eriteria are the same as the ENERGY STAR label.
Gas Savings Algorithms
The following shows the expected gas savings from a commercial gas griddle meeting the above specifications.
These savings come from the Energy Star calculator.'™
Annual Gas Savings (MMBtu) = 13.10 MMBtu

Electric Savings Algorithms
There are no electric savings from this measure.

Energy Savings

AkWh =0kWh

Demand Savings

ARW =0 kW

Where
AkWh = gross customer annual kWh savings for the measure.
ARW = gross customer summer Joad kW savings for the measure.

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

Formatted: Numbered + Level: 1 +
Numbering Style: 1, 2,3, ... + Startat: 1 +
Alignment: Left + Aligned at: 0.31" + Indent
at: 0.56"

Equipment Type Free Ridership Spillover

Commercial Gas Griddle 0% 0%

"' From the Energy Star calculator

172 htp:/iwwav.energystar. gov/index. ctin?fuseaction=find_a_product. showProductGroup&pgw_code=COO
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Persistence
The persistence tactor is assumed to be one.

Measure Lifetimes

Equipment Type Measure Lifetime

Commercial Gas Griddle 12

Sources: CA DEER, MA 2011 TRM, ENERGY STAR,

Walter Savings
There are no water savings for this measure.

| December 484, 20175

UGI Gas




98

I q_)s! Pre_rinse Spray Valve « «-=~- | Formatted: Numbered + Level: 1 +

Numbering Style: 1, 2, 3, ... + Startat: 1 +
Alignment: Left + Aligned at: 0.31" + Indent

Unique Measure Code(s): TBD at: 0.56"
Drafi date: 12/14/15

Effective date:  I'BD

End date: TBD

Measure Description

Commercial dishwasher pre-rinse spray valves use hot water under pressure to clean food items off plates, flatware,
and other kitchen ilems before they are placed into a commercial dishwasher, Pre-rinse valves are handheld devices.
consisting of & spray nozzle, a squeeze lever that controls the water flow, and a dish guard bumper. Often they
include a spray handle clip, allowing the user to lock the lever in the full spray position for continual use. The pre-
rinse valve is part of the pre-rinse unit assembly that typically includes an insulated handle. a spring supporied metal
hose, a wall bracket, and dua! faucet valves. Pre-rinse valves are inexpensive and frequently interchangeable within
different manufacturers” hose assemblics. They are usually placed at the entrance to a dishwasher and can also be
located over a sink, used in conjunction with a faucet fixture.

Definition of Baseline Condition
The baseline is a standard pre-rinse spray valve using approximately 1.6 gpm.

Definition of Efficient Condition
An efficient pre-rinse spray valve uses an average of 1.28 gpm.

Gas Savings Algorithms
The following shows the expected gas savings from an energy efficient pre-rinse spray valve meeting the above
specifications. 17
Annual Gas Savings (MMBtu) = 6.38 MMBtu
Electric Savings Algorithms
There are no electric savings rom this measure.
Fnergy Savings

AkWh = 0kWh

Demand Savings

ARW =0 kW

Where:
AKWh = gross customer annua) kWh savings for the measure.
AkW = gross customer summer load kW savings for the measure.

¥Frecridership/Spillover
Until studies have been performed 1o determine the tree ridership and spillover. the values are assumed to be zera.

Equipment Type Free Ridership Spillover
Pre-rinse Spray Valve 0% 0%

' ENERGY STAR calculator 4/(4.
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Persistence
The persistence factor is assumed Lo be one.

Measure Lifetimes

Equipment Type Measure Lifetime
Pre-rinse Spray Valve st
Water Savings

Expected water savings would be 62,305 gallons per vear.'™

LH. Commercial Domestic Hot Water End Use

1) Commercial Domestic Hot Water Heater

Unique Measure Code(s). TBD

Drall date: 12144175
Effective date:  TBD
End date: TBD

Measure Description
Installation of high-efticiency, gas-fired, storage-type or tankless, domestic hot water heaters greater than 75.000
Btu/hr.

Definition of Baseline Condition
Base case heater is a code-comphiant storage gas heater as specified in ASHRAE 90.1-2007.

Definition of Efficient Condition
The eflicient healer is a storage or tankless gas water heater with equal to or exeeeding 94% thermal efficiency.

Gas Savings Algorithms
1 ' multiple heaters are nsed. they are treated as a single unil, with system input capacity and standby loss rate
equal to the sum of all units.

AMMBtu = BaselinelUse — Ef ficientUse

For commercial buildings other than multifamily:
The maximum of:

Baselinelse = A x £,
or

! ) SLR, x 8760
Baselinel/se = —10¢

For multitamily buildings:

'™ Massachusetts 2011 Technical Reference Manual.

1™ Massachusetts 2011 Technical Reference Manual,
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‘T'he maximum of:

Baselinellse = U X E,
or
SLR, x 8760

Baselinel/se = 10°

All building types:

SLR, — SLR
LRy — SLR.) xm,)x"—"

EfficientUse = { BaselineUse — 8760 x
106 e

1000
SLRy = CAPyp X oo +110 X [ CAPy 517

CAPyy = CAPy, % 2
LD

Where:
AMMBtu = MMBiu of saved gas per year
BaselinelUse =  Baseline DHW gas usage (MMBtu)
EfficientUse = Efficient DIW gas usage (MMBtu)
A = Building floor area (ft%), input

E, = For commercial buildings other than muitifamily this is the annual
baseline gas energy usage rate per building {t’ (MMBuwW/f*fyr). For
multitamily this is the annual baseline gas energy usage rate per
apariment unit (MMBtw/unit/yr). See table of values by building type.

U = Number of apartment units in multifamily building, input.
SLR. = Proposed etficient water heater standby loss rate (Btu/hr}, input.
Equal to zero if tankless. 1f unavailable, assume the same as SLR,
Ne = Thermal efficiency of proposed cfficient water heater (%)
18 = Thermal efficiency of baseline water heater (80%)"7
CAPy . = Heat Input capacity of proposed efficient water heater (MBh, 1000
Btu/hr), input
CAPy = Water Storage capacity of proposed efficient water heater (gal), input
CAPy = Woater Storaue capacily of baseline water heater (gal), equal to the

maximum of CAPy ., or 60 gal, whichever is greater, since it is
assumed that the baseline water heater is of the storage type.
CAPy 1 Heat Input capacity of baseline water heater (MBh)

SLR, = Baseline water heater standby loss rate (Btu/hr)

Annunl Baseline Gas Usage Rate by Building Type

Annual Baseline Gas Usage
Building Type Rate, Ep (MMBtu/ft2/yr)'”®
Education 0.00525
Grocery/Convenience Store 0.00319
Restaurant/Cafeteria 0.03996

%6 ASHRAE 90.1-2007, Table 7.8

""" ASHRAE 90.1-2007. Table 7.8.

"™ {1.S. Energy Information Administration Table ESA. Natural Gas Consumption and Energy Intensities by End Use for All
Buildings, 2003.
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Inpatient Health Care 0.03935
Qutpatient Health Care 0.00350
Lodging 0.02915
Retail {other than in mall) 0.00103
Retail {in mall) 0.00309
Office 0.00165
Police/Fire Station/Jail 0.01514
Other 0.00165
Annual Baseline Gas Usage
Rate, E,
(MMBtu/unit/yr)'"®
Multifamily 22.5
Flectric Savings Algorithms
There are no electric savings from this measure,
Energy Savings
AKWh = 0kWh
Demand Savings
AKW =0 kW
Where:
AKWh = pross customer annual KWh savings for the measure,
ARW = gross custamer summer load KW savings for the measure.

Freeridership/Spillover

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

Equipment Type 1'ree Ridership Spillover
Commercial DIIW Fleater 0% %

Persistence

The persistenee Jactor is assumed to be one.

Measure 1ifetimes

Equipment Type

Measure Lifetime

Commercial Tankless Water
[leater

| | Commerciul Storage DEHW

1™

| Decenber 484, 20175
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Heater
‘ Sources: CA DEER 08, EUL_Summary_10-1-08 xIsCA-PEER;: MA-264 TRM, Octaber 2015; ENERGY-STARIL.

TRM, Volume 2, February 8. 2017, o

Water Savings
There are no water savings lor this measure.
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J:l. All End Uses

1) Custom Measure
Unique Measure Code(s). TBD

Draft date: 12/14/15
Effective date: TBD
Eind date: TBIY

Measure Description
“This measure applivs 1o all custom measures, not othenwise specified in this TRM.

Definition of Basetine Condition

‘The baseline represents the typical equipment that is installed without a DSM program. The efliciency level is based
on the current Federal standards, or state and tocal 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 equation for @ custom measure compares the baseline usage 10 the efficient usage.

Annual Gas Savings (MMBtu) = BaselinelUse — Ef ficientUse

Where:
Baselinellse = The gas usage of baseline equipment or building.
Ffficiemtse = “The gas usage of ¢lficient equipment or building.

Electric Savings Algorithms

Encrpy Savings
AKWh = BaselineAlVh - EfficientkW'h

Demand Savings
AKW = Baselinekll - Efficientkit

Where:
AkWh = Gross customer annual kWh savings for the measure.
AKW = Gross customer summer load kW savings for the measure.
Baselineki¥hi = The clectric kWh usage of baseline equipment or building.
EfficiemtkMh = The electric kWh usage of ellicient equipment or building,
Buselinek = The eleetric kW usage ol baseline equipment or building,
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Freeridership/Spillover

104

The electric kW usage of efficiem equipment or building.

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

Equipment Type

Free Ridership

Spiliover

Custom Measure

0%

0%

Persistence

The persistence factor is assumed to be one.

Measure Lifetimes

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

Water Savings

The water savings are the diflerence between the baseline and efficient equipment annual water usage in gallons.
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V. Non-Residential New Construction
A.All End Uses

1) Custom Measures
Unigue Measure Code(s): TRD

Draft date: 1214135
Effective date:  TBD
I:nd date: TBD

Moeasure Description
This measure apphies Lo all non-residential custom measures applicable to new construction, not othenwise specitied
in this TRM.
Definition of Bascline Condition
‘The baseline represents the tvpical equipment that is installed without a DSM program. The efficiency level is based
on the current Federal standards, or siate and Jocal building codes that are applicable.
Definition of Efficient Coadition
The etficient measure is any equipment thut 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 (MMBtu) = BaselineUse — EfficientUse
Where:

BaselinelUse = "Fhe gas usage of bascline equipment or building.

Ifficientllse = The gas usage of efficient equipment or building.

Flectrie Savings Algorithms

Enerpy Savings
AKWh = BascelinekIh - EfficiemtkiVh

Demand Savings
ARW = Buselinek¥' - Lflicienk IV

Where:
AkWh = Gross customer annual kWh savings for the measure,
AKW = Gross customer summer load kKW savings for the measure.
BaselinekWh = The electric kWh usage of baseline equipment or building.

Efficiontk

"

The electric kWh usage of efficient equipment or building.
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BaselinekW = 'The electric KW usage of haseline equipment or building.

EfficientkWW = The eleciric kW usage of efficient equipment or building.

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

Equiy t Type Free Ridership Spillover
Custom Measure 0% 0%
Persistence

The persistence factor is assumed to be one.
Measure Lifetimes

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

Water Savings
The water savings are the diflerence between the baseline and efficient equipment annual water usage in gallons.
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VHLVI._Non-Residential Retrofit
B.Space Heating End Use

1) Efficient Space Heating System

Unique Measure Code(s). TBD

Dratt date: 12/14/15
Eitective date: TBD
IEnd dute: TBD

Measure Deseription
This measure applies to high-efficiency gas furnaces and boilers replacing an existing and functioning furnace or
hoiter of lower efliciency and possibly difterent capacity.

Delinition of Baseline Condition
The baseline represents the existing equipment that is currently installed. The efficiency level and capucity are based
on measurements or nameplate information.

Definition of Efficicnt Condition
The efficient measure 15 any equipment that uses less energy than the baseline cquipment.

Gas Savings Algorithms
The following equation accounts for difierences between the baseline and efficient space heating equipment
efficiencics and capacities.

Capacit, 1 SR X (1+ A
Annual Gas Savings (MMBtu) = pl Ologb“e {A[‘UE - AF('UE avg) X EFLH o base
y ¢ base eff
Capacit
SR = M
Capacitypage

Annual Gas Use X AFUEp.
EFLHIIeat,bnse = n hase base

CapaCitYhase
Where:
Annual Gas Savings (MMBtu) = The annual gas savings of the cfficient space heating equipment
compared to the existing equipment.
Capacitypa.e = The existing space heating equipment output capacily (MBH)
AFUE,, .. = Eflicicney of existing space heating equipment { Annual Fuel
Utilization Efficiency)
SR = Sizing ratio of new etlicient relative to the existing baseline
equipment (Sce algorithm above),
Auvg = Runtime percent change adjustment. See table of values below

based on SR value.'™"

e Developed by Practical Energy Solutions using simulation modeling,
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AFUE, = Efficiency of proposed efticient space heating equipment {Annual
Fuel Utilization Efficiency)
EFLH 0 pase = Equivalent full load heating hours for existing baseline equipment
(See algorithm above).
Capacity,,, = The proposed efficient space heating equipment output capacity
(MBH)
Annual Gas Use,,q, = The annual gas usage of the existing space heating equipment,

based on weather-normalized gas bills (kBtu).

Sizing Ratio (SR) Run Time Adjustment
(Aal'g )
50% 78%
55% 65%
60% 54%
65% 45%
70% 36%
75% 28%
80% 21%
85% 15%
90% 10%
95% 3%
100% 0%
105% -4%
110% -8%
115% -12%
120% -15%
125% -18%
130% 21%
135% -23%
140% -26%
145% -28%
150% -30%
155% -32%
160% -34%
165% -36%
170% -37%
175% -39%
180% -40%
185% -42%
190% 43%
195% -44%
200% -46%

Electric Savings Algorithms

Energy Savings
AkWh = BaselinekIVh - EfficientkWh

Demand Savings
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AKW = Baselinek WV - Efficienthiy’

Where:
AkKWH = Gross customer annual kWh savings for the measure.
AkW = Gross customer summer toad kW savings for the measure.
BaselinekWh = The clectric kWh usage of baseline equipment or building.
FfficientkiVh = The electric kWh usage of efficient equipment or building.
Baselinekl’ =  The electric kW usage of baseline equipment or building,
Efficientkit = The cleetric kW usage of efficient equipment or building.

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

K.quipment Type Free Ridership Spillover
Space Teating Equipihent 0% 0%
Persistence

‘The persistence [actor is assumed 1o be one.

Measure Lifetimes

Equipment Type Measure Lifetime
Gas Furnaces 20
(Gas Boilers 25

Source: Lifetime estimates used by Efticiency Vermont and PGW .,

Water Savings
The waler savings are the difference between the baseline and efficient equipment annual water usage in gallons,

C.All End Uses

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

Dralt date: 12/14/15
Cifeclive date:  TBD
Erd date: TBD

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

Definition of Baseline Condition
The baseline represents the existing equipment that is currently installed. The efficiency level is based on
measurements or nameplate information,

I December 384, 20173
UGH Gas




(1Y)

Definition of Efficient Condition
The efficient measure is any cquipment 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 (MMBtu) = BaselineUse — Ef ficientUse

Where:
Baselinelise. = The gas usage of baseline equipment or building.
EfficieUse =  The gas usage of efficient equipment or building.

Electric Savings Algorithms

Energy Savings
AKWh = BaselinekWh - EfficientkWh

Demand Savings
AKW = BaselinekW' - Efficienikiy

Where:
AkWh = Gross customer annual kWh savings for the nieasure.
AkW = Gross customer summer load kW savings for the measure.
BaselinekWh = 'The electric kWh usage of baseline equipment or building.
LfficientkiWh = ‘I'he electric kWh usage of efficient equipment or building.
BaselineklV. = The electric kW usage of bascline equipment or building.
Ifficientkt’ = The clectric kW usage of efficient equipment or building.

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

Lquipment Type Free Ridership Spillover
Custom Measure 0% 0%
Persistence

The persistence factor is assumed to be one.

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

] December 484, 20175
UGIH Gas




SEH ON

SLIOT 8+ aquanag) |

'su0|[ed up AFusn saray [rouut Juatedinba IO PUB JUIISEY I UDDASG IDUAIIFJIP I B STUIARS IDIRM [

(RN

SBulABY 1AL




112

VII. Reference Tables

_..--+] Formatted: Numbered + Level: 1 +
H 1 b Numbering Style: A, B, C, ... + Startat: 1 +
A' Res'dent‘a| Alignment: Left + Aligned at: 0" + Indent at:
0.25"
1) HDD & CDD . e Formatted: Numbered + Level: 1 +
- Numbering Style: 1, 2, 3, ... + Startat: 1 +
. . KN Atignment: Left + Aligned at: 0.31" + Indent
Heating Degree Days and Cooling Degree Days .. at: 0.56"
| Territory HDD63 | HDD62 | CDD W [ Formatted: Normal, No bullets or numbering |
| [ uGi Gas {Reading) 4726 | 4500| 1275 . { Formatted: Font: 14 pt, Boid )]
| [ PNG (Scranton) 5434| 5192| 973 * { Formatted: Font: 14 pt )
| Source: DegreeDay nel 2012-2016 - { Formatted Table ]
“*{ Formatted: Normal, No bultets or numbering J
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Post & Schell, P.C.
17 North Second Street
12th Floor

SCHE I I Harrisburg, PA 17101-1601
P

ATTORNEYS AT LAW

To:

Rosemary Chiavetta, Secretary
Pennsylvania Public Utility Commission
Commonwealth Keystone Building

400 North Street, 2nd Floor North

P.O. Box 3265

Harrisburg, PA 17105-3265




