
• Non-Reflector Lamps, affected by EISA 2007 

• Non-Reflector Lamps, not affected by EISA 2007 

• Reflector Lamps affected by the DOE ruling in 2009 on IRLs 

• Reflector Lamps not affected by the DOE ruling in 2009 on IRLs 

Appropriate baseline wattages are presented in Table 2-10 through Table 2-12. If a baseline 
cannot be determined using these tables, the following guidelines may be used to determine 
appropriate default baseline wattage: 

• Non-Reflector Lamps, affected by EISA 2007: using the exact or range of the installed 
wattage, determine the appropriate First Tier or Second Tier EISA baseline default 
wattage in table below. 

Table 2-8: ENERGY STAR® CFLs — Default Equivalent Wattages 
if Lumen Output Unknown 

Wattage Range of Installed CFL25  9-11 W ; 12-15 W I 18-20 W 23-27 W 

If Unknown: Default Installed CFL Wattage26  9 W 13 W 19 W 24 W 

1st Tier EISA 2007 Default Baseline 29 W 43 W 53 W 72 W 

2nd Tier EISA 2007 Default Baseline 12 W 20 W 28 W 45 W 

• Non-Reflector Lamps, not affected by EISA 2007: 60 watts27  

• Reflector Lamps affected by the DOE ruling in 2009 on IRLs: 60 watts' 

• Reflector Lamps not affected by the DOE ruling in 2009 on IRLs: the appropriate default 
baseline may be determined using Table 2-9. 

25  Wattage ranges from ENERGY STAR® light bulb savings calculator. Updated June 2015. 
htto://www.eneroystar.qov/Droducts/certified-oroducts/detail/liaht-bulbs. 

26  ENERGY STAR® Certified Light Bulbs. https://www.eneraystar.qov/productfinder/download/certified-
light-bulbs/. Accessed October 6, 2015. Mean wattages of omnidirectional, general purpose 
replacement CFL lamps by incandescent wattage equivalent. 

27  A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage of 61.7 
Watts (KEMA, Inc., The Cadmus Group, Itron, Inc., PA Consulting Group, Jai J. Mitchell Analytics, 
Draft Evaluation Report: Upstream Lighting Program. Prepared for the California Public Utilities 
Commission, Energy Division. December 10, 2009) 

28  Ibid. 
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• Táble.2-9: DOE-Ruling Exempt Reflectors — Defaült Wattages 

Lamp Type Base 

-BR30 (65 W) 

65 W ' 

' 

BR40 (65 W) , 

ER40 (65 W) 

R20 (545 W) 45 W 

BR30 ('. 50 W) 

50 W 
BR40 	50 watt) 

ER30 (5 50 watt) 

ER40 	50 watt) 

Indeterminate 60 W29  

EISA Standards: Baseline for Non-Reflector Lamps 

EISA-affected 

EISA-affected bulbs are: 

• G-shape lamps with a diameter less than 5 inches; 

• T-shapelamps greater than 40 watts or a length of 10 inches or less; and 

• B, BA, CA, F G16-112, G25, Gjb, S or M14 lamps greater than 40 watts.3° 

Baseline wattages 'Should be adjusted as EISA regulations dictate higher efficiency standards. The 
second tier of EISA 2007 (EISATier 2) regulation goes into effect beginning January 2020. 
However, due to expected lamp replacement schedules, as well as retailer sell-through of existing 
lighting stock, the 1st Tier EISA baseline will be retained until 2021 when the 2nd  Tier EISA baseline 
wilrbe applidd.31  Nevertheless, incentivized lamps installed in 2020 will be awarded savings 
against the 2nd  Tier EISA baseline since this will be the standard in effect at the time of installation. 

29  Ibid. 
30  http://www.lightinqfacts.com/Library/Content/EISA   
31  This is consistent with the one-year lag applied in the Arkansas TRM Version 4!0 to new standards 

effective before July 1 of a given year. 
Arkansat Technical Reference Manual, Version 4.0. Prepared for the Arkansas Public Service 
Commission. Approved in Docket 10-100-R. Section II — Protocol E. Page 48. 
http://wwW.apscservices.infolEEInfoffRM4.ndf. 
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Lamp Type 

• G-shape lamps 
with a diameter 
less than 5 
inches 

• T-shape lamps 
greater than 40 
watts or a length 
of 10 inches or 
less 

• B, BA, CA, F 
G16-1/2, G25, 

Table 2-10: EISA-Affected Specialty CFL Baselines (Non-Reflectors)32  

Minimum 
Lumens 

Maximum 
Lumens 

Incandescent 
Equivalent 

1st Tier EISA 
2007 

(WBase,FT) 

Incandescent 
Equivalent 

2nd  Tier EISA 
2007 (W Base,ST) 

2' 

Effective 
Dates 

For 2nd  Tier 
EISA 2007 
Standards* 

310 749 29 12 1/1/2020 

750 1,049 43 20 1/1/2020 

1,050 1,489 53 28 1/1/2020 

1,490 2,600 72 45 1/1/2020 

G30, S or M14 
lamps greater 
than 40 watts 

*While 2"d Tier EISA standards are effective beginning in 2020, 1st Tier EISA baselines will be used 
until 2021. 

EISA-exempt 

EISA-exempt bulbs are: 

• Appliance lamps, black light lamps, bug lamps, colored lamps, infrared lamps, 
left-hand thread lamps, marine lamps, marine signal service lamps, mine service 
lamps, plant light lamps, reflector lamps, rough service lamps, shatter-resistant 
lamps, sign service lamps, silver bowl lamps, showcase lamps, 3-way 
incandescent lamps, and vibration service lamps; 

• G-shape lamp with a diameter of 5 inches or more; 

• T-shape lamp of 40 watts or less or a length of more than 10 inches; and 

• B, BA, CA, F, G16-1/2, G25, G30, S or M14 lamp of 40 watts or less.34  

32  Ibid. 
33  Wattages developed using the 45 lumens-per-watt standard for the midpoint of the provided lumen 

range. 
34  http://www.lightingfacts.com/Library/Content/EISA.  
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Minimum 
Lumens 

Maximum 
Lumens 

Lamp Type Base 

Table 2-11: EISA-Exempt Specialty CFL Baselines (Non-Reflectors) 

• Appliance lamps, black light lamps, bug 
lamps, colored lamps, infrared lamps, left-
hand thread lamp, marine lamp, marine 
signal service lamp, mine Service lamp, plant 
light lamp, reflector lamp, rough service 
lamp, shatter-resistant lamp, sign service 
lamp, silver bowl lamp, showcase lamp, 3-
way incandescent lamp, vibration service 
lamp 

• G-shape lamp with a diameter of 5 inches or 
more 

• T-shape lamp of 40 watts or less or a length 
of more than '10 inches 

• B, BA, CA, F, G162112, G25, G30, S or M14 
lamp of 40 watts or less  

Nameplate wattage on,the removed 
product. If unknown, utilities may rely on 
the rated incandescent wattage equivalent 
of the newly installed lamp as provided by 
the manufacturer if available. Otherwise, 
use 60 watts.35  

  

  

60E Standards for incandescent Reflector Limps (IRLs): BaseIine for 
Reflector Lamps 

DOE Rulinci-affected 

Certaii:i types of incandescent reflector bulbs are affected by a DOE 2009 ruling on reflector 
lamps. Products affected by the IRL ruling are: 

• R, PAR, ER, BR, BPAR lamps; 

• BR and ER lamps rated at rnõre than 50 watts; 

• Reflector lamps between 2.25" (R18) and 2.75 (R22) in diameter; and 

• 40-205 Watt incandescent PAR lampS.36  

Where available, the nameplate wattage of the removed lamp should be used as the baseline: 
Otherwise, the baseline wattage can be determined according to the lumen range of the installed 
lamp (see Table 2-12). 

35  A 2006-2008 California Upstream Lighting Evaluation found an'average incandescent wattade of 61.7 
Watts (KEMA, Inc., The Cadmus Group, Itron, Inc., PA Consulting Groiy, Jai J. Mitchell Analytics, 

,Draft Evaluation Report: Upstream Lighting Program. Prepared for the California Public' Utilities 
Commission, Energy Division. December 10, 2009) 
http://www.cielightinq.com/LightinaWeb/na/resources/legislation/2009-department-of-enem-requlations/  
http:llwwwl.eere.enerav.qov/buildinqs/appliance standards/product.aspx/productid/58  
http://Www.bulbrite.com/eisa.php   
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Table 2-12: DOE IRL Ruling-Affected Specialty CFL Baselines (Reflectors)37,38  

Lamp Type 
	

Lumen Range 	Base 

	

BR19 	 300-500 	 50 

600-800 	75 
BR30 

801-1000 	85 

600-900 	 75 
BR38 

901-1400 	150 

600-700 	75 

701-900 	 85 

901-950 	100 

	

BR40 	 951-1300 	120 

1301-1700 	125 

1701-2000 	150 

2001-2400 	200 

300-450 	 50 
ER30 

451-701 	 75 

	

ER40 	 1000-1300 	120 

300-450 	 50 

	

PAR20 	 451-550 	 40 

551-650 	 50 

450-550 	 35 

551-600 	40 

	

PAR30 	 601-850 	 50 

851-950 	60 

951-1200 	75 

37  Wattage values and lumen ranged from a review of GE, Osram Sylvania, and Philips catalogs in 
January 2015, as well as the Illinois TRM 2014. 
GE Lighting catalog: 
http://www.qelightinq.com/LightinaWeb/na/smartcataloqs/Liahtinq  and Ballasts Section 1 lncandesc 
ent Lamps.pdf 
Sylvania catalog: http://assets.svIvania.comlassets/documents/complete-cataloq.b176dbb1-d6e0-40f0- 
ab92-e768e58f5dc1.pdf 
Philips catalog: http://www. usa. liq  htinq. ph ilips. com/connect/tools  literature/downloads/sq100-2013.pdf 
Illinois TRM 2014: http://www.ilsaq.info/technical-reference-manual.html   

38  Table 2-12 is based on manufacturers lumen and wattage data for the most commonly used reflector 
lamps. However, other manufacturers' ratings may differ from this list. Where available, utilities may rely 
on the rated incandescent wattage equivalent of the newly installed lamp as provided by the manufacturer. 
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550-750 65 

751-1100 75 

110i-1300 100 
PAR38 

1301-1600 120 

-1601-2500 150 

2501-3500 175 

401-500 50 

R20 75 501-600 

601-1000 100 

700-800 75 

R30 110 801-950 

951-1100 125 

R40 1 300-1 900 125 

Base Lumen Range Lamp Type 

Base  Lamp Type 

Nameplate wattage on the removed product. If unknown, utilities may rely on the 
rated incandescent wattdge equivalent of the newly installed lamp as provided by 
the manufacturer if available. Otherwise, use 65 watts. 

BR30 (65 watt) 

BR40 (65 watt) 

ER40 (65 watt) 

Nameplate wattage on the removed product. If unknown, utilities may rely on the 
rated incandescent wattage equivalent of the newly installed lamp as provided by 
the manufacturer if available. Otherwise, use 45 watts. 

R20 (5 45 watt) 

BR30 (5 50 Watt) 

BR40 (5 50 Watt) 

ER30 (5 50watt) 

ER40 (5 50 watt) 

Nameplate wattage on the removed product. If unknown, utilities may rely on the 
rated incandescent wattage equivalent of the newly installed lamp as provided by 
thd manufacturer if available. Otherwise, use 50 watts: 

DOE Ruling-exempt 

The DOE 2009 ruling standards do not apply to the following types of IRLs: 

• IRLs rated at 50 Watts or less that are ER30, BR30, BR40, or ER40 lamps; 

• IRLs rated at 65 watts that are BR30, BR40, or ER40 lamps; and 

• R20 IRLs rated 45 watts or less.3, 9  

Table 2-13: DOE:Ruling Exempt Reflectors 

39  http://www.qelightinq.com/LiahtinaWeb/na/resources/leaislation/2009-department-of-enerav-requlations/  
http://wwwteere.enerav.qov/buildinqs/appliance  .standards/product.aspx/productid/58 ' 
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High-Efficiency Condition 

New CFLs must be ENERGY STAR® specialty CFLs as outlined in the latest ENERGY STAR® 
specification.' These lamps include reflectors, G-shape lamps, T-shape lamps, B, BA, CA, F 
G16-1/2, G25, G30, S or M14 lamps. 

These ENERGY STAR® specialty CFLs are the equivalent of the specialty incandescent or 
halogen lamps being replaced. The high-efficiency condition is the wattage of the lamp installed. 

See the ENERGY STAR® website for more information on the specification in effect: 
http://www.energystar.pov/products/certified-products/detail/light-bulbs.  

Energy and Demand Savings Methodology 

Savings Algorithms and input Variables 

Wattage reduction is defined as the difference between the wattage of a specialty baseline lamp 
and the wattage of a comparable CFL. 

Energy Savings 

For EISA-affected lamps only, annual energy (kWh) savings must be calculated separately for 
two time periods: 

1. First Tier EISA Baseline = 2021 — installation year = 5 years 

2. The remaining time in the EUL period 

For the first tier EISA baseline period: 

(W base,FT Wpost)  
AkWh = 

	

	 x HOU x ISR x IEFE  
1000 

Equation 10 

For the remaining time in the EUL period, use the second tier EISA baseline: 

(W base,ST wpost)  
AkWh = 

	

	 x HOU x ISR x IEFE  
1000 

Equation 11 

4° http://www.enerq  vstar.ci ov/products/certified-prod ucts/detail/lia ht-bulbs 
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Annual energy (kWh) savings are calculated by weighting the EISA first and second tier savings 
by the EISA first tier period and the rernainder of the EUL period, as outlined in-Volume 3, 
Appendix D of this doCument.41  

For EISA- exempt lamps and reflectors (both bOE ruling-exempt and DOE ruling-affected), 
annual energy (kWh) savings ai-e not calculated using the two-tiered system. Instead, annual 
energy (kWh) savings are calculated using one algorithm. 

( 111 	141  post)  
AkWh= 	 x HOU x ISR x IEFE  

1000 
Equation 12 

Where: 

WbaseyT First tier EISA baseline wattage corresponding with the lumen output 
of the purchased CFL lamp for theyear purchased/installed. krst tier 
EISA baseline lamp wattage provided in Table 2-10 underthe 
column "Incandescent Equivalent 1st Tier EISA 2007" 

Wbase,ST 
	 Second tier EISA baseline wattage corresponding with the lumen 

output of the purchased CFL lamp for the year purchased/installed. 
Second tier EISA baseline lamp wattage provided in Table 2-10 
under the column "Incandescent Equivalent 2nd Tier EISA 2007." 

Wbase 
	 EISA-exempt specialty lamp or a DOE ruling-exempt reflector, use 

the nameplate wattage (see Table 2-12 and Table 2-13). Ifa DOE-
ruling-affected IRL, use the wattages provided in Table 2-12. 

Wpost 	 = 	Actual wattage of CFL purchased/installed 

HOU 	= 	Average hours of use per year = 803 hours (calculated based on an 
average daily usage of 2.2 hours per day12) 

IEFE 	= 	Interactive Effects Factor to account for cdoling energy savings and 
heating energy penalties associated with lighting power reductidns 
(see Table 2-14). 	

) 

ISR 	= 	Iii1Service Rate, the percentage of incentiVized units ihat are - 
installed and in use (rather than removed, stored, or burnt out) to 
accouht f6r units incentivized but not operating = 0.97 43  

41  While this appendix addresses early retirement installations, it is apPlicable to,sce.riarios in which the baseline 
changes over the lifetime of the mefist.ire. For the purposes of this appendix, savings claimed against the Tier 
1 EISA baseline may be treated as early retirement savings, and savings claimed against the Tier 2 EISA 
baseline may be treated as replace-on-burnout savings. 

42  The average daily usage of 2.2 hours Per day is a blended value for indoor and olitclOor lamps. SOurce: 
Evaluation of 2008 Texas 'Make Your Mark Statewide CFL Program Report. Frontier Associates. June 2009. 

43  Dimetrosky, S., Parkinson, K., "and Lieb, N. "Residential Lighting Evaluation Protocol — The Uniform 
Methods Project: Methods for Determining Energy Efficiency Savings for Specific Measures." January 
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Table 2-14: ENERGY STAR@ Specialty CFLs - Interactive Effects Factor for 
Cooling Energy Savings and Heating Energy Penalties" 

IEFE  

Heating/Cooling Type* 
Climate 
Zone 1 

Climate 
Zone 2 

Climate 
Zone 3 

Climate -7 	Climate 
Zone 4 	• 	Zone 5 

Gas Heat with AC 1.06 1.13 1.17 1.15 1.12 

Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00 

Heat Pump 0.91 1.00 1.05 1.11 0.97 

Electric Resistance Heat with AC 0.65 0.80 0.90 1.00 0.75 

Electric Resistance Heat with no AC 0.57 0.69 0.76 0.83 0.65 

No heat with AC 1.06 1.13 1.17 1.15 1.12 

Unconditioned Space 1.00 1.00 1.00 1.00 1.00 

Heating/Cooling Unknown46  0.87 1.03 1.08 1.12 1.01 

Upstream Lighting47  0.89 1.03 1.07 1.10 1.01 

* IEF for homes with no AC are most appropriate for customers with evaporative cooling or room air 
conditioners. 

Demand Savings 

Summer and winter demand sayings are determined by applying a coincidence factor associated 
with each season. For EISA-affected specialty lamps only,  peak demand (kW) sayings must be 
calculated separately for two time periods: 

1. First Tier EISA Baseline = 2021 - instaHation year = 5 years 

2. The remaining time in the EUL period 

2015. ISR for upstream programs, including storage lamps installed within four years of purchase. 
http://enerqv.qov/sites/prod/files/2015/02/f19/UMPChapter21-residential-lightinq-evaluation-protocol.pdf  

44  Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing the 
EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt 
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens 
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting 
in an assumed efficacy for incandescents (21 lm/W), CFLs (70 lm/W), and LEDs (90 lm/W). IEF values 
were calculated using the following formula: 1 + HVACsavings/Lightingsavings. 

45  Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and adjusted 
to exclude 16% outdoor lighting except for upstream defaults. Cadmus report: Cadmus. Entergy Energy-
Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy Arkansas, Inc. March 14, 
2014. Docket No. 07-082-TF. 

46  Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and 
adjusted to exclude 16% outdoor lighting except for upstream defaults. Cadmus report: Cadmus. 
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy 
Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF. 

47  Ibid. 
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For the first tier EISA baseline period: 

(Wbase,FT Wpost)  

	

AkW summer = 	1000 	X CF summer X ISR X IEFD,summer 

Equation 13 

(Whase,FT Wpost) , 

	

AkWwinter = 	 CFwinter  x ISR x IEFD,winter  
1.000 

Equation 14 

For the remaining time'in the EUL period, Use the second tier EISA baseline: 

(Wbase,ST Wpost)  
L1kWsummer = 

1000 	
X CF summer  x ISR XIEFD,summer 

Eqbation 15 

(Wbase,ST Wpost)  

	

AkWwinter = 	1000 	X Lr winter X ISR X IEFD,winter 

Equation 16 

Annual summer or winter peak demand savings are calculated by weighting the EISA first and 
second tier savings by the EISA first tier period and the remainder of the EUL period, as 
outlined in Volume 3, Appendix D of this document.48  

For EISA- exempt lamps and reflectors (both DOE ruling-exempt and DOE ruling-affected), 
peak demand (kW) savings are not calculated using the two-tiered system. Instead, peak 
demand (kW) savings are calculated using one algorithm, depending on the season of the 
savings. 

(Whose — 141  post)  
AkW summer = 	1000 	

x CFsummer X ISR X IEFD,summer 

Equation 17 

(Whose — Wpost)  
AkWwinter = 1000 	

x CFwinter  x ISR x IEF D,winter 

Equation 18 

Where: 

CF 
	

Cothciden,ce Factor (see Tabel 2-15) 

48  While this appendix addresses early retirement installations, it is applicable to sbenarios in which the 
baseline changes over the,lifetime of the 'measure. For the purposes of this appendix, savings claimed 
against the Tier 1 EISA baseline may be treated as early retirement savings, and savings claimed 
against the Tier 2 EISA baseline may be treated as replace-on-burnout savings. 
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IEFD 	 Interactive Effects Factor to account for cooling demand savihgs or 
heating demand penalties associated with lightMg power reductions 
(see Table 2-16) 

Table 2-15: ENERGY STAR@ CFLs - Coincidence Factors" 

Climate Zone 	Climate Zone , Climate Zone 	Climate Zone 	Climate Zone 
Season 	1 	 2: 	 3: 	 4: 	 5: 

Amarillo 	Dallas 	Houston 	Corpus Christi 	El Paso 

Summer 0.060 0.053 0.063 0.059 0.032 

Winter 0.277 0.232 0.199 0.267 0.357 

Table 2-16: ENERGY STAR@ CFLs - Interactive Effects Factor for 
Cooling Demand Savings and Heating Demand Penalties°  

IEFD summer 

Heating/Cooling Type 
Climate 
Zone 1 

Climate 
Zone 2 

Climate 	7  
Zone 3 

C limate 
Zone 4 

Climate 
' 	Zone 5 

Gas Heat with AC 1.45 1.33 1.68 1 23 1.44 

Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00 

Heat Pump 1.27 1.28 1.19 1.23 1.37 

Electric Resistance Heat with AC 1.07 1.27 1.07 1.23 1.36 

Electric Resistance Heat with no AC 1.00 1.00 1.00 1.00 1.00 

No heat with AC 1.45 1.33 1.68 1.23 1.44 

Unconditioned Space 1.00 1.00 1.00 1.00 1.00 

Heating/Cooling Unknown51  1.24 1.43 1.46 1.51 1.37 

Upstream Lighting52  1.20 1.36 1.39 1.43 1.31 

49  See Volume 1, Appendix B. 
50  Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing the 

EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt 
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens 
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting 
in an assumed efficacy for incandescents (21 lm/W), CFLs (70 lm/W), and LEDs (90 Im/W). IEF values 
were calculated using the following formula: 1 + HVACsavmgs/Lighting savings. 

51  Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and 
adjusted to exclude 16% outdoor lighting except for upstream defaults. Cadmus report: Cadmus. 
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy 
Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF. 

52  Ibid. 
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IEFD,winter 

Climate 
Heating/Cooling Type 	Zone 1 

Climate 
Zone 2 

Climate 
Zone 3 

Climate 
Zone 4 

limate 
Zone 5 

Gas Heat with AC , 0.98 0.98 0.98 0.98 0.98 

Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00 

Heat Pump 0.71 0.67 • 0.65 0.74 0.81 

Electric Resistance Heat with AC 0.44 0.36 0.38 . 	0.42 0.52 

Electric Resistance Heat with no AC 0.44 0.36 0.38 0.42 0.52 

No'heat with AC,  0.98 0.98 0.98 - 0.98 0.98 

Unconditioned Space 1.00 1.00 1.00 1.00 1.00 

Heating/Cooling Unknown53  0.75 0.80 0.83 -0.85 0.81 

Upstream Lighting54  • 0.78 0.83 0.85 ' 0.86 0.83 

* IEF for homes with no AC are most appropriate for customers with evaporative cooling or room air 
conditioners. 

Deemed Energy Savings Table,s 

There are no lookup tables available for this measuie. See engineeririg algorithms in the 
previous section for calculating energy and demand savings. 

Deemed Summer Demand SaVings Tables 

There are'no lookup tables available for this measure. See engineering algorithms in the 
previous section for calculating energy and demand savings. 

Deemed Winter Demand Savings Tables d, 
There are no lookup tables available for this measure. See engineering algorithms in the 
previous section for calculating energy and demand savings. 

Claimed Peak Demand Savings 

Refer to Volume 1, Appendix B: Peak Demahd Reduction Documentation for further details on 
peak demand savings and methodology. 

Additional Calculators and Tools • 

This section is not applicable. 

Measure Life and Lifetime Savings 

The average measure.life is based upon rated lamp life of the specialty CFL shown in the 
following table. The measure life assumes in average daily use of 2.2 hours per'day based o'n 

53  Ibid. 
54  Ibid. 
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EUL = 
HOU x 365.25 

Rated Life x DF 

blended usage for indoor/outdoor applications, and applies a 0.85 degradation factor to 
indoor/outdoor CFLs. 

For an EISA-affected lamp, the following algorithms are designed to provide EISA Tier 1 and 
EISA Tier 2 measure lives, each to be applied to the appropriate tier of EISA savings. 

EULTotal — HOU x 365.25 

EULTi„1 = 2021 — Purchase Year 

EULTter2 = EULTotal  EULTier1  

Where: 

Rated Life x DF 

Equation 19 

Equation 20 

Equation 21 

Rated Life 
	

10,000 hours, 12,000 hours, 15,000 hours, or 20,000 hours, as 
specified by the manufacturer. If unknown, assume a 10,000-hour 
lifetime.55  

DF 
	

0.85 degradation factor56  

HOU 
	

2.2 hours per day57  

2021 	= 	One-year lag applied to year that EISA Tier 1 energy efficiency 
standard ends 

For EISA-exempt lamps and reflectors (both DOE ruling-exempt and DOE ruling-affected), use 
the following algorithm to calculate the measure life. 

Equation 22 

55  Minimum lifetime requirement under ENERGY STAR® Lamps Specification V1.1, effective 9/30/2014. 
http://www.enemystar.qov/sites/default/files/ENERGY%2OSTAR%20Lamps%20V1%201  Specification.pdf 

56  ENERGY STAR@ CFL Third Party Testing and Verification Off-the-Shelf CFL Performance: Batch 3. 
Figure 27, p. 47. 

57  The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source: 
Evaluation of 2008 Texas 'Make Your Mark Statewide CFL Program Report. Frontier Associates. June 
2009. 
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Where: 

Rated Life 10,000 hours, 12;000 hours, 15,000 hours, or20,000 hours, as 
specified by the manufacturer. If unknown, assume a 10,000-hour 
lifetime.58  

DF 
	

0.85 degradation factor59  

HOU 
	

2.2 hours per day60  

Table 2-17: ENERGY STAR® Specialty CFLs — Estimated Useful Life 

If Applicable: 

Rate Measure 
Life Assumed 

(Hours) 

Total 
Measure Life 

(Years) 

EISA First Tier 
Standard 
Baseline 

Measure Life 
(Years) 

EISA Second Tier 
Measure Life 

(Years) 

Range of Rated 
Measure Life 

(Hours) 

,10,060-11,000 10,000 11 - 4 7 

11,001-13,500 ' 	12,000 13 4 , 	9 

13,501-17,500 15,000 16 4 12 	, 

17,501 20,000 20* 4 16 

*Measure life capped at 20 years. 

Program Tracking Data & Evaluation Requirements 

Primary inputs and contextual data that should •be specified and tracked by the program 
database to inform the evaluation and apply the savings properly are: 

• Number of CFLs installed 

• ANSI C79.1-2002 nomenclature of CFL installed (G40, PAR, etc.) 

• Wattage of each installed CFL 

• Lumen output of each installed CFL 

• Wattage of replaced lamp 

• Manufacturer-rated lifetime of each installed CFL in hours 

• Heating system type (gas, electric resistance, heat pump) for each hoene in which a CFL 
is installed 

• Location of installed lamp (onditioned,'unconditioned, or outdoor) 

58  Minimum lifetime requirement under ENERGY STAR@ Lamps Specification V1.1, effective 9/30/2014. 
http://www.enerdystardovlsites/default/files/ENERGY%2OSTAR%20Lamps%20V1%201  Specification.bdt. 

59  ENERGY STAR@ CFL Third Party Testing and Verification Off-the-Shelf CFL Performance: Batch 3. 
Figure 27, p. 47. • 

64  The average daily usage of 2.2 hours per day is a blended value fdr indoor and outdoor lamps. Source: 
Evaluation of 2008 Texas 'Make Your Mark Statewide CFL Program Report. Frontier Associates. June 
2009. 
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• Program type (direct install, retail) 

• Baseline calculation methodology (replaced lamp nameplate wattage, EISA-affected 
non-reflector, EISA-exempt non-reflector, DOE ruling-affected reflector, DOE ruling-
exempt reflector, manufacturer-rated equivalent incandescent wattage, or default 
wattage) 

References and Efficiency Standards  

Petitions and Rulings 

Not applicable. 

Relevant Standards and Reference Sources 
• Energy Independence and Security Act of 2007 

• Energy Conservation Program: Energy Conservation Standards and Test Procedures for 
General Service Fluorescent Lamps and Incandescent Reflector Lamps, Energy 
Efficiency and Renewable Energy Office (EERE), 2009 

• ENERGY STAR® specifications for CFL lamps 

Document Revision History  
Table 2-18: Residential Specialty Compact Fluorescent Lamp Revision History 

TRM 
Version 

Date 	 Description of Change 

	

v3.0 	4/10/2015 	TRM v3.0 origin 

TRM v3.1 update. Modification of in-service rate, revision of interactive 
effects factors to reflect indoor-specific values for additional heating and 

	

v3.1 	11/05/2015 	cooling equipment types. Consolidated default input assumptions for 
upstream lighting programs. Restricted estimated measure life to 
several discrete values. 

	

v3.1 	March 2016 	Updated summer and winter coincidence factors. 

	

v4.0 	10/10/ 2016 	Updated IEF values and useful life estimates. 
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2.1.3 ENERGY STAR® Omni-Directional LED Lamps Measure 
Overview 	- 

TRM Measure ID: R-LT-OLED 

Market Sector: Residential 

Measure Category: Lighting 

Applicable Building Types: Single-family, duplex and triplex; Multifamily; 
Manufactured 

Fuels AffeOted:Ilectridity 

4Decision/Action Type(s): Retrofit 

Program Delivery Type(s): Prescriptive and Direct Install 

Deemed Savings Type: Deemed Savings Calculations 

Savings Methodology: 'Engineering  Algorithms and Estimates 

Measure Description 

This measure provides a method for calculating savings for replacement of an incandescent 
lamp with an omni-directional LED61  in a residential application. Using ANSI C79.1-2002 
nomenclature, the applicable omni-directional LED lamp types are: A, BT, P, PS, S, and T. 

Eligibility Criteria 

Customer eligibility to be awarded these deerned savings is at the discretion of the utility for 
different program and customer types. See program-specific manuals to determine customer 
eligibility. 

, - 
These savings values rely on usage patterns specific to indoor applications, and therefore 
should not be applied to outdoor lighting. However, this should not be construed to restrict 
upstream lighting programs, through which customers purchase efficient lighting products in-
store. Future versions Of this document may provide sdvings specific to outdoor and/or 
upstream applications. 

, 

61  According to ENERGY STAR® omni-directional LED products "...shall have an even distribution of 
luminous intensity (candelas).within the 0° to 135° zone (vertically axially symmetrical). LuMinous 
intensity at any angle within this zone shall not differ from the mean luminous intensity for the entire 00  to 
135° zone by more than 20%. At least 5% of total flux (lumens) must be emitted in the 135°-180° zone. 
Distribution shall be vertically symmetrical as measured in three vertical planes .at 0°, 45°, and 90°." 
http:llwww.energvstar.gov/ia/partners/product specs/program regs/lntegral LED Lamps Program Reg  
uirements.pdf. 
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Baseline Condition 

The baseline is assumed to be the EISA-mandated maximum wattage for a general service or 
standard incandescent or halogen lamp (see Table 2-19). Baseline wattages should be adjusted 
as EISA regulations dictate higher efficiency baseline lamps. The second tier of EISA 2007 
regulations go into effect beginning January 2020. At that time, general service lamps must 
comply with a 45 lumen per watt efficacy standard. However, due to expected lamp replacement 
schedules, as well as retailer sell-through of existing lighting stock, the 1st Tier EISA baseline 
will be retained until 2021 when the 2nd Tier EISA baseline will be applied.62  Nevertheless, 
incentivized lamps installed in 2020 will be awarded savings against the 2nd  Tier EISA baseline 
since this will be the standard in effect at the time of installation. 

Table 2-19: ENERGY STAR@ Omni-Directional LEDs — EISA Baselines63  

Minimum Maximum 
Lumens 	Lumens 

Incandescent 
Equivalent 
Wattage 
Pre-EISA 

2007 

1st  Tier EISA 
2007 (Base) 

Effective Dates 
2nd Tier EISA 	For 2nd Tier 
2007 (Base) 64 	EISA 2007 

Standards* 

310 749 40 29 12 1/1/2020 

750 1,049 60 43 20 1/1/2020 

1,050 1,489 75 53 28 1/1/2020 

1,490 2,600 100 72 45 1/1/2020 

*While 2nd Tier EISA standards are effective beginning in 2020, 1st Tier EISA baselines will be used 
until 2021. 

High-Efficiency Condition 
LEDs must be ENERGY STAR® -qualified for the relevant lamp shape being removed as 
outlined in the latest ENERGY STAR® specification.65  Using ANSI C79.1-2002 nomenclature, 
the applicable omni-directional LED lamp types are: A, BT, P, PS, S, and T. 

The high-efficiency condition is the wattage of the lamp installed. 

See the ENERGY STAR® website for more information on the specification in effect: 
http://www.enerostarqov/products/certified-products/detail/liqht-bulbs.  

62  This is consistent with the one-year lag applied in the Arkansas TRM Version 4.0 to new standards 
effective before July 1 of a given year. Arkansas Technical Reference Manual, Version 4.0. Prepared 
for the Arkansas Public Service Commission. Approved in Docket 10-100-R. Section II — Protocol E. 
Page 48. http://www.apscservices.info/EEInforTRM4.pdf.  

63  In new ENERGY STAR@ lighting standards effective September 2014, lumen bins associated with 
incandescent wattages have been assigned that do not align with those set out in EISA 2007. Due to 
the likelihood of continuing sell-through of existing ENERGY STAR@ lighting and the on-going use of 
the EISA bin definitions, this TRM maintains the EISA lumen bins for assigning baseline wattage. 
Future iterations of the Texas TRM, however, may incorporate these new ENERGY STAR® lumen bins 
for baseline wattage estimates. 

64  Wattages developed using the 45 lumens-per-watt standard for the midpoint of the provided lumen 
range. 

65 http://www.enerqvstarpov/products/certified-products/detail/light-bulbs.  
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Energy and Demand Savings MethOdology 

'Savings Algorithms and input Variables 

Wattage reduction is defined as the difference betweeri the wattage of a standard baseline lamp 
according to EISA 2007 (see Table 2-19) and the wattage of a comparable omni-directional 
LED. Ari LED is considered comparable to the baseline lamp if they are aligned on the lumen 
output range's set out in EISA 2007. 

Energy Sayings 

Annual energy (kWh) and summer peak`demand (kW) savings must be calculated separately for 
MO time periods: 

1. First Tier EISA Baseline = 2021 —.installation year = 5 years 

2. The remaining time in the EUL period 

For the first tier EISA baseline period: 	• 

base,FT Wpost)  
6:kWh= 	 x Hours x ISR x IEFE  

1000 
Equation 23 

For the rerimining time in the EUL Period, use the second tier EISA baseline: 

(Wbase,ST Wpost)  
AkWh = 	 x Hours x ISR x IEFE  

1.000 

Equation 24 

Annual energy (kWh) savings are calculated by weighting the EISA first and second tier savings 
by`the EISA first tier period and the remainder of the EUL period, as outlined in Volume 3, 
Appendix D of this document.66  

Where: 

Wbase,FT First tier EISA baseline wattage corresponding with the lumen output 
of the purchased LED lamp for the year purchased/installed. First tier 
EISA baseline lamp wattage provided in Table 2-19 under the column 
"Incandescent Equivalent 1st Tier EISA 2007" (if unkliown, see,T:7ble 
220 for 1st Tier EISA 2007 default ivattales). • 

, 
66  While this appendix addresses erly retirement installations, it is applica0e to scenarios in whic' h the 

baseline Changes over the lifetime of the Measure. For,the purposes:of this appendix, `saVings claimed 
against the Tier 1 EISA baseline may be treated as early retirement savings, and savings claimed 
against the Tier 2 EISA baseline may be treated as replace-on-burnmit savings. 
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Table 2-20: ENERGY STAR@ Omni-Directional LEDs — Default Equivalent Wattages 
if Lumen Output Unknown 

Wattage Range of Installed LED67  5-8 W 8.5-12 W t 12.5-16 W 17-23 W 

If Unknown: Default Installed LED Wattage68  7 W 10 W 12 W 17 W 

lst Tier EISA 2007 Default Baseline 29 W 43 W 53 W 72 W 

2nd Tier EISA 2007 Default Baseline 12 W 20 W 28 W 45 W 

Wbase,ST Second tier EISA baseline wattage corresponding with the lumen 
output of the purchased LED lamp for theyear purchased/installed. 
Second tier EISA baseline lamp wattage provided in Table 2-19 under 
the column "Incandescent Equivalent 2nd Tier EISA 2007" (if unknown, 
see Table 2-20 for 2nd Tier EISA 2007 default wattages). 

Wpost 	 = 	Actual wattage of LED purchased/installed 

HOU 	= 	Average hours of use per year = 803 hours (calculated based on an 
average daily usage of 2.2 hours per day69) 

IEFE 	= 	Interactive Effects Factor to account for cooling energy savings and 
heating energy penalties associated with lighting power reductions 
(see Table 2-21). 

ISR 
	

In-Service Rate, the percentage ofincentivized units that are 
Mstalled and in use (rather than removed, stored, or burnt out) to 
account for units incentivized but not operadng = 0.9770  

67  Wattage ranges from ENERGY STAR® light bulb savings calculator. Updated June 2015. 
htto://www.energystar.qov/products/certified-oroducts/detail/light-bulbs. 

68  ENERGY STAR® Certified Light Bulbs. https://www.enerqvstar.qov/productfinder/download/certified-
light-bulbs/. Accessed October 6, 2015. Mean wattages of omnidirectional, general purpose 
replacement LED lamps by incandescent wattage equivalent. 

69  The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source: 
Evaluation of 2008 Texas 'Make Your Mark Statewide CFL Program Report. Frontier Associates. June 
2009. 

79  Dimetrosky, S., Parkinson, K. and Lieb, N., "Residential Lighting Evaluation Protocol — The Uniform 
Methods Project: Methods for Determining Energy Efficiency Savings for Specific Measures." January 
2015. ISR for upstream programs, including storage lamps installed within four years of purchase. 
htto://enerciv.qov/sites/orod/files/2015/02419/UMPChapter21-resiclential-lightinq-evaluation- 
protocol.odf. 
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Table 2-21:. ENERGY STAR@ Omni-Directional LEDs interactive Effects for 
Cooling Energy Savings and Heating Energy PenaWee"' 

Heating/Cooling Type* 
Climate 
Zone 1 

Climate 
Zone 2 

Climate 
Zone 3 

Climate 
Zone 4 

Climate 
Zone 5 

Gas Haat with AC i .05 1.13 1.17 1.15 1.12 

Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00 

Heat Pump 	4 	 - 0.91 	' 1.00 1.05 -.1.11 0.97 

Electric Resistance Heat with AC 0.65 0.80 • 0.90 1.00 0.75 

Electric Resistance Heat with no AC 0.57 0.69 0.76 '0.83 0..65 

No heat with AC 1.06 1.13 i.17 1.15 1.12 

Unconditioned Space 1.00 ' 1.00 1.00 1.00 	- 1.00 

Heating/Cooling Unknown72  0.87 1.03 1.08 1.12 1.01 

Upstream Lighting73  -0.89 1.03 1.07 1.10 , 	1.01 

* IEF for homes with no AC are most appropriate for customers with evaporative cooling or 
room air conditioners. 

Demand Savings 

Summer and winter demand savings are determined by applying a coincidence factor associated 
with each season. Annual summer or winter peak demand (kW) savings must be calculated 
separately for two time periods: 

1. First Tier EISA Baseline = 2021 installation year = 5 years 

2. The remaining time in the EUL period 

For the first tier EISA baseline period: 

(W base,FT wpost)  AkWsummer = 	 x CF sum r x ISR x IEFD,„„imer  
1000 

Equation 25 

71  Extracted from BEopt energy models used to eatimate savings for envelope measures. Referencing the 
EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt 
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens 
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting 
in an assumed efficacy for incandescents (21 ImA/V), CFLs (70 lm/W), and LEDs (90 lm/W). IEF values 
were calculated using the following formula: 1 + HVACsavings/Lighting savings. 

72, Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and 
adjusted to exclude 16% outdoor lighting except for upstream defaults. Cadmus report: Cadmus. 
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy 

,Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF. 
73  Ibid. 
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(Wbase,FT Wpost)  
AlcWwinter = 

	

	 x CFwint„ x ISR x IEFD,winter 
1000 

Equation 26 

For the remaining time in the EUL period, use the second tier EISA baseline: 

(Wbase,ST Wpost)  
AkWsummer = 	 X Lr summer X ISR X IEFD,summer 1000 

Equation 27 

(Wbase,ST 141  post)  
AkWwinter = 1000 	

X CFwinter  X ISR X IEFD,winter  

Equation 28 

Annual summer or winter peak demand savings are calculated by weighting the EISA first and 
second tier savings by the EISA first tier period and the remainder of the EUL period, as 
outlined in Volume 3, Appendix D of this document.74  

Where: 

CF 

IEFD  

Coincidence Factor (see Table 2-22) 

Interactive Effects Factor to account for cooling demand savings or 
heating demand penalties associated with lighting power reductions 
(see Table 2-23). 

Table 2-22: ENERGY STAR® LEDs — Coincidence Factors75  

Season 
Climate Zone 1: Climate Zone 2: Climate Zone 3: Climate Zone 4: 

Amarillo 	Dallas 	Houston 	Corpus Christi 
Climate Zone 5: 

El Paso 

Summer 
	

0.060 
	

0.053 
	

0.063 
	

0.059 
	

0.032 

Winter 
	

0.277 
	

0.232 
	

0.199 
	

0.267 
	

0.357 

74  While this appendix addresses early retirement installations, it is applicable to scenarios in which the 
baseline changes over the lifetime of the measure. For the purposes of this appendix, savings claimed 
against the Tier 1 EISA baseline may be treated as early retirement savings, and savings claimed 
against the Tier 2 EISA baseline may be treated as replace-on-burnout savings. 

75  See Volume 1, Appendix B. 
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Table 2-23: ENERGY STAR@ Omni-directional LEDs - lnteractiiie Effects Factor for 
Cooling Demand Savings and Heating Demand Penalties76  

IEFD,summer 

Heating/ ooling 	ype 	 Zone 1 	Zone 2 	Zone 3 	Zone 4 	Zone 5 

Gas Heat with AC 1.45 1.33 1.68 1.23 	1.44 

Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00 

Heat Pump 1.27 1.28 .1.19 1.23 1.37 

Electric Resistance Heat with AC 1.07 1.27 1.07 1.23 1.36 

Electric Resistance Heat with no AC 1.00 1.00 1.00' 1.00 '1.00 

No heat with AC 1.45 . 	- 1.33 1.68 1.23 , 	1.44 

Unconditioned Space 1.00 1.00 1.00 1.00 1.00 

Heating/Cooling Unknown77  ' 1.24 1.43 1.46 1.51 1.37 

Upstream Lighting78_ 1.20 1.36 , 1.39 1.43 1.31 

IEFD,winter 

Climate 	Climate 	Climate 	Climate 	Climate 
Heating/Cooling Type* 

Zone 1 	Zone 2 	Zone 3 	Zone 4 	Zone 5 

Gas Heat with AC 0.98 0.98 0.98 0.98 0.98 

Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00 

Heat Pump 0.71 0.67 0.65 0.74 0.81 	' 

Electric Resistance Heat with AC 0.44 0.36 0.38 0.42' 0.52 	. 

Electric Resistance Heat with no AC 0.44 0.36 0.38 0.42 0.52 

No heat with AC .... 0.98 0.98 0.98 , 0.98 0.98 

Unconditioned Space 1.00 1.00 1.00 1.00 1.00 

Heating/Cooling Unknown79  0.75 0.80 0.83 0.85 0.81 

Upstream Lighting8°  0.78 0.83 0.85 0.86 0.83 

IEF for homes with no AC are most appropriate.for customers with evaporative cooling or room air 
conditioners. 

76  Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing the 
EISA baseline table, the typical lumen output was deterniiried by,taking the midpoint for the 60 watt 
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens 
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting 
in an assumed efficacy for incandescents (21 lm/W), CFLs (70 lm/W), and LEDs (90 Im/W)..IEF values 
were calculated using the following formula: 1 + HVACsavings/Lightingsavmgs. 

77  Calculated using l,EFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and 
adjusted to exclude 16% outdoor lighting eXcept for upstream defaults. Cadmus report: Cadmus. 
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Prog-ram Year. Prepared for Entergy 
Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF. 

78  Ibid. 
79  Ibid. 
80  Ibid. 
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Deemed Energy Savings Tables 

There are no lookup tables available for this measure. See engineering algorithms in the 
previous section for calculating energy and demand savings. 

Deemed Summer Demand Savings Tables 

There are no lookup tables available for this measure. See engineering algorithms in the 
previous section for calculating energy and demand savings. 

Deemed Winter Demand Savings Tables 

There are no lookup tables available for this measure. See engineering algorithms in the 
previous section for calculating energy and demand savings. 

Claimed Peak Demand Savings 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
peak demand savings and methodology. 

Additional Calculators and Tools 

This section is not applicable. 

Measure Life and Lifetime Savings 

The measure life for indoor and outdoor LED omni-directional lamps is capped at 20 years.81  
Due to the EISA standards, the savings over the useful life will need to be adjusted to account 
for second tier EISA standards for all years as of 2021. 

Table 2-24: ENERGY STAR® Omni-Directional LEDs — Estimated Useful Life 

Total 
Measure Life 

(Years) 

EISA First Tier 
Standard Baseline 

Measure Life 
(Years) 

EISA Second Tier 
Measure Life 

(Years) 

20 
	

4 
	

16 

Program Tracking Data & Evaluation Requirements  

Primary inputs and contextual data that should be specified and tracked by the program 
database to inform the evaluation and apply the savings properly are: 

• Number of LEDs installed 

• Wattage of each installed LED 

81  Mid-Atlantic Technical Reference Manual Version 5.0. Prepared by Shelter Analytics. Facilitated and 
Managed by the Northeast Energy Efficiency Partnerships (NEEP). June 2015. 
http://www.neep.orq/sites/default/files/resources/Mid-Atlantic  TRM V5 FINAL 5-26-2015.pdf. 
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TRM v3.0 origin 4/10/2015 v3.0 

TRM v3.t update. Modification of in-service rate, revision of 
interactive effects factors to reflect indoor-specific values for 
additional heating and cooling equipment types. Provided default 
input assumptions for upstream lighting programs. Capped 
estimated measure life. 

v3.1 11/05/2015 

March 2016 Updated summer and winter coincidence factors. v3.1 

10/10/2016 Updated IEF values and useful life estimates. v4.0 

TRM 
Version 

Date 	 Description of Change 

  

• Lumen output of each installed LED 

• Wattage of replaced lamp 

• Manufacturer-rated lifetime of each installed LED in hours 

• Heating system type (gas, electric resistance, heat pump) for each home, in which an 
LED is installed 

• Location of installed lamp (conditioned, unconditioned, 'or outdoor) 

References and Efficiency Standards  

Petitions and Rulings 

Not applicable. 

Relevant Standards and Reference Sources 
• Energy Independence and Security Act of 2007 

• ENERGY STAR® specifications for LED lamps 

Document Revision History  
Table 2-25: Residential Omni-Directional LED Lamp Revision History 
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2.1.4 ENERGY STAR® Specialty and Directional LED Lamps Measure 
Overview 

TRM Measure ID: R-LT-DLED 

Market Sector: Residential 

Measure Category: Lighting 

Applicable Building Types: Single-family, duplex and triplex; Multifamily; 
Manufactured 

Fuels Affected: Electricity 

Decision/Action Type(s): Retrofit 

Program Delivery Type(s): Prescriptive and Direct Install 

Deemed Savings Type: Deemed Savings Calculations 

Savings Methodology: Engineering Algorithms and Estimates 

Measure Description 

This measure provides a method for calculating savings for replacement of an incandescent or 
halogen reflector or decorative lamp with an ENERGY STAR® -qualified LED lamp. These 
lamps include reflectors, G-shape lamps, T-shape lamps, B, BA, CA, F G16-1/2, G25, G30, S or 
M14 lamps.82  

Eligibility Criteria 

Customer eligibility to be awarded these deemed savings is at the discretion of the utility for 
different program and customer types. See program-specific manuals to determine customer 
eligibility. 

These savings values rely on usage patterns specific to indoor applications, and therefore 
should not be applied to outdoor lighting. However, this should not be construed to restrict 
upstream lighting programs, through which customers purchase efficient lighting products in-
store. Future versions of this document may provide savings specific to outdoor and/or 
upstream applications. 

82  http://www.enerqystar.gov/products/certified-broducts/detail/liqht-bulbs.  
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Baseline Condition* 

The baseline wattage will be determined based on the bulb shape of the installed lamp as 
Outlined below. 

Some baseline conditions for specialty LEDs are affected by EISA and/ea DOE 2009 ruling on 
incandescent reflector lamps (IRLs). Based on the shape, lumen oUtput, anC-I/or wattage-
equivalent of the installed lamp, the appropriate baseline shall be determined from'one of the 
following categories: 

• Non-Reflector Lamps, affected by EISA 2007 

• Wm-Reflector Lamps, not affected by EISA 2007 

• Reflector Lamps affected by the DOE ruling in 2009 on IRLs 

• Reflector Lamps not affectO by the DOE ruling in 2009 on IRLs 

Appropriate baseline wattages are presented in Table 2-28 through Table 2-31 If a baseline 
cannot be determined using these tables, the following guidelines may be used to determine 
appi-opriate default baseline wattage: 

• Non-Reflector Lamps, affected by EISA 2007: Using the exact or range of the installed 
wattage, determine the appropriate First Tier or Second Tier EISA baseline default 
wattage in Table 2-26. 

Table 2-26:'ENERGY STAR® Specialty J.EDs - Default Equivalent Wattages 
if Lumen Output Unknown 

Wattage Range of Installed LED83 	 5-8 W 	8.5-12 W 	12.5-16 W 

If Unknown: Default Installed LED Wattage84  .7 W 10 W 12 W 17 W 

lst Tier EISA 2007 Default Beseline 29 W 43 W 53 W 72 W 

2nd  Tier EISA 2007 Default Baseline 12 W 20 W 28 W 45 W 

-• 	Wm-Reflector Lamps, not affected by EISA 2007: 60 watte5  

• Reflector Lamps affected by the DOE ruling in 2009 on IRLs: 60 waffsa6  

• Reflector Lamps not affected by the DOE ruling in 2009 on IRLs: the appropriate 
default baieline may be determined using Table 2-27. 

83  Wattage ranges from ENERGY STAR® light bulb savings calculator. Updated June 2015. 
http://www.enerqvstarqov/products/certified-oroducts/detail/light-bulbs.  

84  ENERGY STAR® Certified Light Bulbs. https://www.enerqvstar.qov/productfinder/download/certified-
light-bulbs. Accessed October 6, 2015. Mean wattages of omnidirectional, general purpose 
replacement LED lamps by incandescent wattage equivalent. 

85  A 2006-2008 California Upstream Lighting Evaluation found an averageincandescent wattage of 61.7 
Watts (KEMA, Inb., The Cadmus Group, Itron, Inc.; PA Consu)ting Group, Jai J. Mitchell Analytics, 
Draft Evaluation Report: Upstream Lighting Program. Prepared for the California Public Utilities 
Commission, Energy Division. December 10, 2009) 

88  Ibid. 
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Table 2-27: DOE-Ruling Exempt Reflectors — Default Wattages 

Lamp Type 
	

Base 

BR30 (65 W) 

BR40 (65 W) 

ER40 (65 W) 

R20 (~ 45 W) 

BR30 50 W) 

BR40 50 watt) 

ER30 (5 50 watt) 

ER40 (5 50 watt) 

Indeterminate 

65 W 

45 W 

50 W 

60 W87  

EISA Standards: Baseline for Non-Reflector Lamps 

EISA-affected 

EISA-affected bulbs are: 

• G-shape lamps with a diameter less than 5 inches; 

• T-shape lamps greater than 40 watts or a length of 10 inches or less; and 

• B, BA, CA, F G16-1/2, G25, G30, S or M14 lamps greater than 40 watts.88  

Baseline wattages should be adjusted as EISA regulations dictate higher efficiency standards. 
The second tier of EISA 2007 (EISA Tier 2) regulation goes into effect beginning January 2020. 
However, due to expected lamp replacement schedules, as well as retailer sell-through of 
existing lighting stock, the 1st Tier EISA baseline will be retained until 2021 when the 2nd  Tier 
EISA baseline will be applied.88  Nevertheless, incentivized lamps installed in 2020 will be 
awarded savings against the 2nd  Tier EISA baseline since this will be the standard in effect at 
the time of installation. 

87  Ibid. 
88  http://www.lightincifacts.com/Library/Content/EISA.  
89  This is consistent with the one-year lag applied in the Arkansas TRM Version 4.0 to new standards 

effective before July 1 of a given year. Arkansas Technical Reference Manual, Version 4.0. Prepared 
for the Arkansas Public Service Commission. Approved in Docket 10-100-R. Section II — Protocol E. 
Page 48. http://www.apscservices.info/EEInfo/TRM4.pdf.  
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Lamp Type 

• G-shape lamps 
with a diameter 
less than 5 
inches 

• T-shape lamps 
greater than 40 
watts or a length 
of 10 inches or 
less 

• B, BA, CA, F 
G16-1/2, G25, 
G30, S or M14 
lamps greater 
than 40 watts 

Table 2-28: ElSA-A'ffeCied SpecialtytED Baselines (Non-Reflectors)9° 

Minimum 
Lumens 

310 

Maximum 
Lumens 

749 

Incandescent 
Equivalent 

1st  Tier EISA 
2007 

(WBase FT) 

- 	29 

Incandescent 
Equivalent 

2nd  Tier EISA 
2007 (W -Base,ST) 

91 

12 

Effective 
Dates 

For 2nd  Tier 
EISA 2007 
Standards* 

1/1/2020 

750 1,049 43 20 1/1/2020 

1:050' 1,489 53 28 1/1/2020 

1,490 2,600 72 45 1/1/2020 

*While 2nd Tier EISA standards are effective beginning in 2020, 1st Tier EISA baselines Will be Used 
until 2021.. 

EISA-exempt 

EISA-exempt bulbs are: 

• Appliance lamPs, black light lamps, bug*lamps, cofored lamps, infrared lamps, 
left-hand thread lamps, marine lamps, marine signal service lamps, mine service 
lamps, plant light lamps, reflector lamps, rough servith lamps, shatter-resistant 
lamps, sign service lamps, silver bowl lamps, showcase lamps,.3-way 
incandescent lamps, and vibration seevice lamps; 

• G-shape lamp with a diameter of 5 inches or more; 

• T-shape lamp of 40 watts or leSs or a length of more than 10 inches; and 

• B, BA, CA,.F, G16-112, G25, G30, S or M14 lamp of 40 watts or less.92  

90 ibiO.  

91  Wattages developed using the 45 lumens-per-watt standard for the midpoint of the provided lumen 
range. 

92  http://www.lightindfacts.com/Librarv/Content/EISA.  
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Minimum 	Maximum 
Lamp Type Base 

Lumens 	Lumens 

Table 2-29: EISA-Exempt Specialty LED Baselines (Non-Reflectors) 

• Appliance lamps, black light lamps, bug lamps, 
colored lamps, infrared lamps, left-hand thread 
lamp, marine lamp, marine signal service lamp, 
mine service lamp, plant light lamp, reflector 
lamp, rough service lamp, shatter-resistant 
lamp, sign service lamp, silver bowl lamp, 
showcase lamp, 3-way incandescent lamp, 
vibration service lamp 

• G-shape lamp with a diameter of 5 inches or 
more 

• T-shape lamp of 40 watts or less or a length of 
more than 10 inches 

• B, BA, CA, F, G16-112, G25, G30, S or M14 
lamp of 40 watts or less 

Nameplate wattage on the removed 
product. lf unknown, utilities may rely 
on the rated incandescent wattage 
equivalent of the newly installed lamp 
as provided by the manufacturer if 
available. Otherwise, use 60 watts.93  

DOE Standards for Incandescent Reflector Lamps (IRLs): Baseline for 
Reflector Lamps 

DOE Rulinci-affected 

Certain types of incandescent reflector bulbs are affected by a DOE 2009 ruling on reflector 
lamps. Products affected by the IRL ruling are: 

• R, PAR, ER, BR, BPAR lamps; 

• BR and ER lamps rated at more than 50 watts; 

• Reflector lamps between 2.25" (R18) and 2.75 (R22) in diameter; and 

• 40-205 Watt incandescent PAR lamps." 

Where available, the nameplate wattage of the removed lamp should be used as the baseline. 
Otherwise, the baseline wattage can be determined according to the lumen range of the 
installed lamp (see Table 2-20). 

93  A 2006-2008 California Upstream Lighting Evaluation found an average incandescent wattage of 61.7 
Watts (KEMA, lnc., The Cadmus Group, ltron, lnc., PA Consulting Group, Jai J. Mitchell Analytics, 
Draft Evaluation Report: Upstream Lighting Program. Prepared for the California Public Utilities 
Commission, Energy Division. December 10, 2009) 

94  http://www.cleliphtinq.com/Liphtincrneb/na/resources/lepislation/2009-department-of-enerpv-
regulations/   
http://wwwl.eere.enerpv.pov/buildinps/appliance  standards/productaspx/productid/58  
http://www.bulbrite.com/eisa.php   
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Table 2-30: DOE IRL Ruling-P,ffected Specialty LED Baselines (ReflectorS)95,96  

Lamp Type 	Lumen Range 	Base 

BR19 ' 300-500 50 

600-800 75 ' 
BR30 

801-1000 85 

600-900 75 
BR38 

901-1400 150 

600-700 75 

:701-900 85 

, 901-950 100 

BR40 951-1300 120 

1301-1700 , 125 
.. 

1701-2000 150 

2001-2400 200 

300-450 50 
LR30 

. 	451-701 75 

ER40 1000-1300 120 

300-450 50 

PAR20 451-550 40 

551-650 50 

450-550 35 

551-600 40 

PAR30 601-850 50 

851-950 60 

951-1200 75 

65  Wattage values and lumen ranged from a review of GE, 0Sram Sylvania, and Philips catalogs in 
January 2015, a'S wèll as the Illinois TRM 2014. 
GE Lighting catalog: 
http://www.aelightinq.com/LightinaWeb/na/smartcataloqs/Liqhtinq  and Ballasts Section 1 Incandesc  
ent Lamps.pdf 

-Sylvania catalog: http://assets.sylvania.com/assets/documents/complete-cataloq.b176dbbl-d6e0-40f0-
ab92-e768e58f5dc1.pdf  
Philips catalog: http://www.usa.liqhtinq.philips.com/connect/tools  literature/downloads/sq100-2013.pdf 
Illinois TRM 2014: http://www.ilsaq.info/technical-reference-manual.html   

96  Table 2-30 is based on manufacturers lumen and wattage data for the mod coriimonly used reflector 
lamps. However, other manufacturers' ratings may differ from this list. Where available, utilities may 
rely on the rated incandescent wattage equivalent of the newly installed lamp as provided by the 
manufacturer. 
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Lamp Type 	Lumen Range 
	

Base 

PAR38 

R20 

R30 

R40 

550-750 

751-1100 

1101-1300 

1301-1600 

1 601 -2500 

2501-3500 

401-500 

501-600 

601-1000 

700-800 

801-950 

951-1100 

1 300-1 900 

65 

75 

100 

120 

150 

175 

50 

75 

100 

75 

110 

125 

125 

DOE Ruling-exempt 

The DOE 2009 ruling standards do not apply to the following types of IRLs: 

• IRLs rated at 50 watts or less that are ER30, BR30, BR40, or ER40 lamps; 

• IRLs rated at 65 watts that are BR30, BR40, or ER40 lamps; and 

• R20 IRLs rated 45 watts or less.97  

Table 2-31: DOE-Ruling Exempt Reflectors 

Lamp Type 
	

Base 

BR30 (65 watt) 

BR40 (65 watt) 

ER40 (65 watt) 

R20 (~ 45 watt) 

BR30 (~ 50 watt) 

BR40 (5 50 watt) 

ER30 50 watt) 

ER40 (~ 50 watt)  

Nameplate wattage on the removed product. If unknown, utilities may rely on 
the rated incandescent wattage equivalent of the newly installed lamp as 
provided by the manufacturer if available. Otherwise, use 65 watts. 

Nameplate wattage on the removed product. If unknown, utilities may rely on 
the rated incandescent wattage equivalent of the newly installed lamp as 
provided by the manufacturer if available. Otherwise, use 45 watts. 

Nameplate wattage on the removed product. If unknown, utilities may rely on 
the rated incandescent wattage equivalent of the newly installed lamp as 
provided by the manufacturer if available. Otherwise, use 50 watts. 

97  http://www.crelightinq.com/Lightingweb/na/resources/legislation/2009-department-of-enerqv- 
regulations/. 
http:llwwwl.eere.enem.qov/buildinqs/appliance standards/product.aspx/productid/58. 
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High-Efficiency Condition 

LEDs must be ENERGY STAR® -qualified for the relevant lamp shape being removed as 
outlined in the latest ENERGY STAR® specification.°  These lamps include reflectors, G-shape 
lamps, T-shape lamps, B, BA, CA, F G16-1/2, G25, G30, S or M14 lamps. 

• - 
The high-efficiency condition is the wattage of the lamp installed. 

See the ENERGY STAR® website for rnore information on the spedification in effect: 
http://www.eneroystar.qov/proditcts/ceitified-products/detail/fight-bulbs.  

Energy and Demand Savings Methodology 

Savings Algorithms 'and input Variables 

Wattage reduction is defined as the difference betwden the wattage of a specialty baseline lamp 
and the Wattage of a directional or specialty LED. 

Energy Savings 

For EISA-affected lamps only, annual energy (kWh) savings must be calculated separately for 
two time periods: 

• First Tier. EISA Baseline = 2021 — installation year = 5 years 

• The remaining time in the EUL period 

For the first tier EISA baseline period: 

(W base,FT Wpost)  
AlcWh = 	 x HOU x ISR x IEFE  

1000 

Equation 29 

For the remaining time in,the EUL period, tise the second tier EISA baseline: 

(W  base,ST Wpo.st) 
Alcigh = 	 x HOU x ISR x IEFE  

1000 

Equation 30 

Annual energy (kWh) savings are calculated by weighting the EISA first and second tier savings 
by the EISA first tier period and the remainder of the EUL period, as outlined in Volume 3, 
Appendix D of this document.99  

98 http://www.enercivstargov/products/certified-products/detail/light-bulbs   
99  While this appendix addresses early retirement installations, it is applicable to scenarios in which the 

baseline changes over the lifetime of the measure. For the purposes of, this appendix, savings 
claimed against the Tier 1 EISA baseline may be treated aearly retirement savings, and savings 
dlaimed against the Tier 2 EISA, baseline may be treated as replace-on-burnout savings. 

• 

2-43 
Residential: Lighting 
ENERGY STAReSpecially .ind Directional LED Lamps 

Texas Technical Reference Manual, Vol. 2 
November 1, 2016 



For EISA- exempt lamps and reflectors (both DOE ruling-exempt and DOE ruling-affected), 
annual energy (kWh) savings are not calculated using the two-tiered system. Instead, annual 
energy (kWh) savings are calculated using one algorithm. 

(W base Wpost)  
Altigh= 

	

	 x HOU x ISR x IEFE  
1000 

Equation 31 

Where: 

Wbase,FT 

Wbase,ST 

Wbase 

First tier EISA baseline wattage corresponding with the lumen output 
of the purchased LED lamp for theyear purchased/installed. First tier 
EISA baseline lamp wattage provided in Table 2-28 under the column 
"Incandescent Equivalent 1st Tier EISA 2007" 

Second tier EISA baseline wattage corresponding with the lumen 
output of the purchased LED lamp for theyear purchased/installed. 
Second tier EISA baseline lamp wattage provided in Table 2-28 under 
the column "Incandescent Equivalent 2nd Tier EISA 2007". 

EISA-exempt specialty lamp or a DO E ruling-exempt reflectoi; use 
the nameplate wattage (see Table 2-29 and Table 2-31. If a DOE-
ruling-affected IRL, use the wattages provided in Table 2-30. 

Wpost 	= 	Actual wattage of LED purchased/installed 

HOU 	= 	Average hours of use per year = 803 hours (calculated based on an 
average daily usage of 2.2 hours per day 169 

IEFE 	= 	Interactive Effects Factor to account for cooling energy savings and 
heating energy penalties associated with lighting power reductions 
(see Table 2-32). 

ISR In-Service Rate, the percentage of incentivized units that are 
installed and in use (rather than removed, stored or burnt out) to 
account for units incentivized but not operating = 0.97101 

100 The average daily usage of 2.2 hours per day is a blended value for indoor and outdoor lamps. Source: 
Evaluation of 2008 Texas 'Make Your Mark Statewide CFL Program Report. Frontier Associates. June 
2009. 

101 Dimetrosky, S., Parkinson, K. and Lieb, N. "Residential Lighting Evaluation Protocol — The Uniform 
Methods Project: Methods for Determining Energy Efficiency Savings for Specific Measures." January 
2015. ISR for upstream programs, including storage lamps installed within four years of purchase. 
http:llenerpv.gov/sites/prodffiles/2015/02/f19/UMPChapter21-residential-lightinp-evaluation-protocol.pdf. 
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Table 2-32: ENERGY STAR® Specialty and Directional LEDs - Interactive 
Effects for Cooling Energy Savings and Heating Energy Penalties"% 

Heating/Cooling Type 
Climate 
Zone 1 

1.06 

Climate 
Zone 2 

1.13 

Climate 
Zone 3 

1.17 

Climate 
Zone 4 

1.15 

Climate 
Zone 5 

1.12 Gas Heat with AC 

Gas Heat with no AC 1.00 1.00 * 1.00 1.00-  1.00 

Heat Pump 0.91 1.00 1.05 1.11 0.97 

Electric Resistance Heat with AC 0.65 	,,, 0.80 0.90 1.00 0:75 

Electric Resistance Heat with no AC 0.57 0.69 0.76 0.83 0.65 

No heat with AC 1.06 1.13 1.17 1.15 1.12' 

Unconditioned Space 1.00 1.00 1..00 1.00 1.00 

Heating/Cooling Unknown 103  0.87 1.03 1.08 1.12 1.01 

Upstream Lighting104 0.89 - 1.03 _ 	1.07 1.10 1.01 

* IEF for homes with no AC are most appropriate for customers with evaporative cooling or • 
room air conditioners. 

Demand Savings 

Summer and winter demand savingi aft determined by applying a coincidence faotor associated 
with each season. For EISA-affected specialty lamps only, peak demand (kW) savings must be 
calculated separately for two time periods: 

• First Tier EISA Baseline = 2021 - installation year = 5 years 

• The remaining time in the EUL period 

For the first tier EISA baseline period: 

102  Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing 
the EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt 
equivalent lamp (900 Im), which was assumed to be the most typical installation. The resulting lumens 
were divided by the defaulfwattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) resulting 
in an assumed efficacy for incandescents (21 lm/W), CFLs (70 Im/W), and LEDs (90 lm/W). IEF values 
weie calculated using the following formula: 1 + HVACsavings/Lightingsavings. 

103  Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas,, and 
adjusted to exclude 16% outdoor lighting'except for upstream defaults. Cadmus report: Cadmus. 
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy 
Arkansas, Inc. March 14, 2014..Docket No. 077082-TF. 

104 ibid.  
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(W base,FT Wpost)  

	

AkW summer = 	 X CF summ„ X ISR X IEF Asumm„ 
1000 

Equation 32 

(W base,FT  W  post)  

	

AkW winter = 	 X CFwinter  X ISR X IEFD winter  
1000 

Equation 33 

For the remaining time in the EUL period, use the second tier EISA baseline: 

(W basesT Wpost)  
X L r sum r X ISR X IEFD,summer 

	

AliW summer — 	1000 

Equation 34 

(W basesT Wpost)  

	

AkW winter = 	 X CFwmter  X ISR X IEFD,winter 1000 
Equation 35 

Annual summer or winter peak demand savings are calculated by weighting the EISA first and 
second tier savings by the EISA first tier period and the remainder of the EUL period, as 
outlined in Volume 3, Appendix D of this document.105  

For EISA- exempt lamps and reflectors (both DOE ruling-exempt and DOE ruling-affected), 
peak demand (kVV) savings are not calculated using the two-tiered system. Instead, peak 
demand (kVV) savings are calculated using one algorithm, depending on the season of the 
savings. 

(W base Wpost)  

	

AkW summer = 	1000 	
X CFsummer  X ISR X IEFD,summer 

Equation 36 

(Whose  — Wpost)  
X L winter X ISR X IEFD,winter 

	

AlcW winter — 	 I'
1000 

Equation 37 

Where: 

CF 	= 	Coincidence Factor (Table 2-33) 

IEFD 	= 	Interactive Effects Factor to account for cooling demand savings or 
heating demand penalties associated with lighting power reductions 
(see Table 2-34). 

105 	While this appendix addresses early retirement installations, it is applicable to scenarios in which 
the baseline changes over the lifetime of the measure. For the purposes of this appendix, savings 
claimed against the Tier 1 EISA baseline may be treated as early retirement savings, and savings 
claimed against the Tier 2 EISA baseline may be treated as replace-on-burnout savings. 

2-46 
Residential: Lighting 	 Texas Technical Reference Manual, Vol. 2 
ENERGY STAR®Specialty and Directional LED Lamps 	 November 1, 2016 



Climate Zone 3: 
Houston 

Climate Zone 4: 
Corpus Christi 

Climate Zone 5: 
El Paso 

Table 2-33: ENERGY STAR@ LEDs - Coificidence Factors106  

Season 
Climate Zone 1: Climate Zone 2: 

Amarillo 	Dallas 

0.060 0.053 0.063 0.059 ,r0.032 

0.277 0.232 0.199 0.267 0.357 
Summer 

Winter 

Table 2-34: ENERGY STAR@ Specialty and Directional LEDs - Interactive 
Effects Factor for Cooling Demand Savings and Heating Demand Penalties1" 

lEFD,summer 

Climate 	Climate 
Heating/Cooling Type 	Zone 1 	Zone 2 

Climate 
Zone 3 

Climate 
Zone 4 

Climate 
Zone 5 

Gas Heat with AC 1.45 ' 	1.33 	' 1.68 1.23 1.44 

Gas Heat with no AC 1.00 1.00 : 1.00 1.00 1.00 ' 

Heat Pump g  1.27 1.28 1.19 1.23 1.37 

Electric Resistance Heat with AC 1.07 1.27 1.07 1.23 1.36 

Electric Resistance Heat with no AC 1.00 1.00 1.00 , 	1.00 1.00 

No rheat with AC 1.45 1.33 1.68 ' 1.23 .1.44 

Unconditioned Space 1.00 1.00 1.00 1.00 , 	1.00 

Heeting/Cooling Unknown108  1.24 " 	1.43 1.46 1.51* 1.37 

Upstream Lighting109  1.20 1.36 1.39 1.43 1.31 

106  See Volume 1, Appendix B. 
107  Extracted from BEopt energy models used to estimate savings for envelope measures. Referencing 

the EISA baseline table, the typical lumen output was determined by taking the midpoint for the 60 watt 
equivalent larrip (900 Im), which was assumed to be the most typical installation. The resulting lumens 
were divided by the default wattage for incandescents (43 W), CFLs (13 W), and LEDs (10 W) reeulting 
in an assumed efficacy for incandescents (21 lm/W), CFLs (70 lm/W), and LED5.(90 lm/W). IEF values 
were calculated using the following formula: 1 + HVACsavings/Lightingsavings. 

108  Calculated using IEFs from Cadmus report, weighted using TMY CDD and HDD for Texas, and 
adjusted to exclude 16% outdoor lighting exceiit for upstream defaults. Cadrhus report: Cadmus. 
Entergy Energy-Efficiency Portfolio Evaluation Report 2013 Program Year. Prepared for Entergy 

' Arkansas, Inc. March 14, 2014. Docket No. 07-082-TF. 
109  Ibid. 
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IEFDminter 

Heating/Cooling Type 
S 

Climate 
Zone 1 

Climate 
Zone 2 

Climate 
Zone 3 

I 	Climate 
Zone 4 

Climate 
Zone 5 

Gas Heat with AC 0.98 0.98 0.98 0.98 0.98 

Gas Heat with no AC 1.00 1.00 1.00 1.00 1.00 

Heat Pump 0.71 0.67 0.65 0.74 0.81 

Electric Resistance Heat with AC 0.44 0.36 0.38 0.42 0.52 

Electric Resistance Heat with no AC 0.44 0.36 0.38 0.42 0.52 

No heat with AC 0.98 0.98 0.98 0.98 0.98 

Unconditioned Space 1.00 1.00 1.00 1.00 1.00 

Heating/Cooling Unknown11°  0.75 0.80 0.83 0.85 0.81 

Upstream Lighting 111  0.78 0.83 0.85 0.86 0.83 

* IEF for homes with no AC are most appropriate for customers with evaporative cooling or room air 
conditioners. 

Deemed Energy Savings Tables 

There are no lookup tables available for this measure. See engineering algorithms in the 
previous section for calculating energy and demand savings. 

Deemed Summer Demand Savings Tables 

There are no lookup tables available for this measure. See engineering algorithms in the 
previous section for calculating energy and demand savings. 

Deemed Winter Demand Savings Tables 

There are no lookup tables available for this measure. See engineering algorithms in the 
previous section for calculating energy and demand savings. 

Claimed Peak Demand Savings 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
peak demand savings and methodology. 

Additional Calculators and Tools 

This section is not applicable. 

11° Ibid. 
111  Ibid. 
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Measure Life and Lifetime Savings 

The measure life for indobr and outdobr LED ieeflector and decoi-ative laiiips is capped at 20 
years."2 	 „ 

Program Tracking Data & Evaluation Requirements  

Primary inputs and contextuardata that should be specified and tracked by the program 
database to inform the evaluation and apply the savings properly are: ), 

• Number of LEDs installed 

• ANSI C79.1-2002 nomenclature of CFL installed (G40, PAR, etc.) 

• Wattage of each installed LEb 

• Lumen output of each installed LED 

• Wattage of replaced lamp 

• Manufacturer-rated lifetime of each installed LED in hours 

• Heating system type (gas, electric resistance, heat pump) for each home in which a LED 
is installed 

• Location of installed lamp (conditioned, unconditioned, or outdoor) 

• Baseline calculation methodology (replaced lamp nameplate wattage, EISA-affected non-
reflector, EISA-exempt non-reflector, DOE ruling-affected reflector, DOE ruling-exempt 
reflector, manufacturer-rated equivalent incandescent wattage, or default wattage) 

References and Efficiency Standards  

petitions and Rulings 

Not applicable. 

Relevant Standards and Reference Sources 
• Energy Independence and Security Act of 2007 

• Energy Conservation Program: Energy Conservation Standards and Test Procedures for 
General Service Fluorescent Lamps and Incandescent Reflector Lamps, Energy 
Efficiency and Renewable Energy Office (EERE), 2009 

• ENERGY STAR® specificatioris for LED lamps 

112  Mid-Atlantic Technical Reference Ménual Version 5.0. Prepared by Shelter Analytics. Facilitated and 
Managed by the Northeast EnergY Efficiency Partnerships (NEEP). June 2015. 
http://www.neep.oro/siteskiefaultffiles/resources/Mid-Atlantic  TRM V5 FINAL 5-26-2015.0f. 
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Document Revision History  
Table 2-35: Residential Specialty and Directional LED Lamp Revision History 

TRM 
Version 

Date 

v3.0 4/10/2015 

v3.1 11/05/2015 

v3.1 March 2016 

v4.0 10/10/2016 

Description of Change 

TRM v3.0 origin 

TRM v3.1 update. Modification of in-service rate, revision of 
interactive effects factors to reflect indoor-specific values for 
additional heating and cooling equipment types. Consolidated 
default input assumptions for upstream lighting programs. Capped 
estimated measure life. 

Updated summer and winter coincidence factors. 

Updated IEF values. 
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2.2 	RESIDENTIAL: HEATING, VENTILATION, AND AIR 
CONDITIONING 

2,2.1 Air Conditioner or Heat Pump Tune-up Measure Overview 

TRM Measure ID:'To be determined 

Market Sector: Residential 

Measure Category: HVAC 

Applicable Building Types: Single-family, duplex and triplex; Multifamily; 
Manufactured 

Fuels Affected: Electricity 

Decision/Action Type(s): Retrofit 

Program Delivery Type(s): Prescriptive 

Deemed Savings Type: Deemed Savings Calculations 

Savings Methodology: Engineering Algorithms and Estimates' 

Measure Description 

This measure applies to central air Conditioners and heat pumps of any configuration as long as 
everything on the checklist below can be completed. An AC tune-up involves checking, cleaning, 
adjusting, and resetting the equipment to factory conditions in the understanding that such 
measures restore operating efficiencies, on average, closer to as-new performahce. This 
measure applies to all residential applications. 

,For this measure, the service technician must complete the following tasks according to industry 
best practices. In order to prorierly assess and adjust the refrigerant charge level, the unit must 
be operating under significant (i.e., normal) cooling load conditions. Therefore, this measure 
may ohly be performed for energy savings reporting purposes when the outdoor ambient dry 
bulb temperature is above 75°F, and the indoor return air dry bulb temperature is above 70T. 

Air Conditioner Inspection and Tune-Up Checklist.'" 

• Tighten all electrical connections and measure voltage and current on motors 

• Lubricate all moving parts, including motor and fan bearings - 

• Inspect and clean the condensate drain 

113  Based oft ENERGY STAR® HVAC Maintenance Checklist. 
www.enerovstar.ciov/index.cfm?c=heat cool.pr  maintenance 
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• Inspect controls of the system to ensure proper and safe operation. Check the 
startup/shutdown cycle of the equipment to assure the system starts, operates, and 
shuts off properly. 

• Clean evaporator and condenser coils 

• Clean indoor blower fan components 

• Inspect and clean or change air filters; replacement preferred best practice. 

• Measure airflow via static pressure across the cooling coil and adjust to manufacturers 
specifications. 

• Check refrigerant level and adjust to manufacturer specifications 

• Check capacitor functionality and capacitance and compare to OEM specifications 

Eligibility Criteria 

All residential customers are eligible for this measure if they have refrigerated air conditioning 
65,000 Btu or less in cooling capacity that has not been serviced in the last 5 years. 

Baseline Condition 

The baseline is a system with some or all of the following issues: 

• Dirty condenser coil 

• Dirty evaporator coil 

• Dirty blower wheel 

• Dirty filter 

• Improper airflow 

• Incorrect refrigerant charge 

The baseline system efficiency should be calculated using the following formulas: 

EERp„ = (1— EL) x EERp„t  

Equation 38 

HSPFp„ = (1 —  EL) x HSPFp„t  

Equation 39 

Where: 

EERp„ = Efficiency of the cooling equipment before tune-up 

EL = Efficiency loss due to dirty coils, blower, filter, improper airflow, and/or incorrect 
refrigerant charge = 0.05 

EERp„t  = Deemed cooling efficiency of the equipment after tune-up = 11.2 EER 
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HSPFp„ = Heating efficiency of the air source heat pump before tune-up 

HSPFp„t = Deemed h6ating effidency of air sOurce heat pumps after tune-up = 7.7 HSPF 

High-Efficiency Conditioh 

After the tune-up, the equipment must be clean with airflows and refrigerant charges adjusted 
as apPropriate and set forth above,,with the added,specification that refrigerant charge 
adjustments must be within +/- 3 degrees of target sub-cooling for units with thermal expansion 
valves (TXV) and +/- 5 degrees of target super heat for units with fixed orifices or capillary 
tubes. 

the efficiency standard, or efficiency after thé tune-up, is,deemed to be the manufacturer 
specified energy efficiency ratio (EER) of the existing central air conditioner or heat pump, which' 
has been determined using the following logic and standards. The useful life of an AC unit is 19 

years. The useful life of a heat pump is 16 years. Therefore, it is conservatively thought that the 
majority of existing,Junctioning units were installed under the federal standard in place between 
January 23, 2006 and January 1, 2015, which set a baseline of 13 SEER and 7.7114  HSPF. A 13 
SEER is equivalent to apProxirnately t1.2 EER115  using the conversion developed by Lawrence 
Berkeley Lab and US DOE:EER = -0.02 x SEER2  + 1.12 x SEER. 

Energy and Demand Savings Methodolimv  

Savings Algorithms and,input Variables 

Savings are based on an assumed efficiency loss factor of 5% due to dirty coils, dirty filters, 
imPeoper airflow, and/or incorrect refrigerant charg6.116 - 

Energy Savings Algorithms 

Heating energy savings are* Only applicable to heai pumps! 
Energy Savings [kWhsavingsl = - kWh Savings,C kW hsavings,H 

Equation 40 

1 	1 	 1 kW 
Energy (Cooling) [kWhsavings,C] = Capacity x 	 

EERp„ EERpo x EEO' 
x

st) 	1,000 W 

Equation 41 

11,4  Code specified HSPF from federal standard effective January 23, 2006 through January 1, 2015. 
115  Code specified 13 SEER from federal standard effective January 23, 2006 through January 1, 2015, 

converted to EER using EER = -0.02 x SEER2  + 1.12 x SEER. National Renewable Energy Laboratory 
(NREL). "Building'America House Simulation Protocols." U.S. Department of Energy. Revised October 
2010. http://vvww.nrel.qov/docs/fvllosti/49246.0df.  

116  Energy Center of Wisconsin, May 2008; "Central Air Conditioning in Wisconsin, A Compilation of 
Recent Field Research." 
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1 	1 	 1 kW 
Energy (Heating) [kWhsavings,u] = Capacity x 	 

(HSPFp„ HSPFpos x EFLHH 
x

t) 	1,000W 

Equation 42 

Where: 

Capacity 

EERwe 

EERpost 

HSPFPre 

HSPFPost 

EFLHC/H 

 

Rated cooling capacity of the equipment based on model number 
[Btuh] (1 ton = 12,000 Btuh) 

Cooling efficiency of the equipment pre-tune-up using Equation 41 
IBtuh/14q 

Cooling efficiency of the equipment after the tune-up lEtuh/lAq. 
Assume 11.2. 

Heating efficiency of the equipment pre-tune-up using Equation 42 
[Btuh/W] 

Heating efficiency of the equipment after the tune-up IBtuh/14q. 
Assume 7.7. 

 

Cooling/heating equivalent full-load hours for appropriate climate 
zone [hours] 

Table 2-36: Equivalent full load cooling/heating hours"' 

   

Climate Zone 	EFLHc EFLHH  

 

Climate Zone 1: Panhandle 
	

1,142 
	

1,880 

Climate Zone 2: North 
	

1,926 
	

1,343 

Climate Zone 3: South 
	

2,209 
	

1,127 

Climate Zone 4: Valley 
	

2,958 
	

776 

Climate Zone 5: West 
	

1,524 
	

1,559 

Demand Savings Algorithms 

	

1 	1 	 1 kW 

	

Summer Peak Demand [kWsavings,c] = Capacity x EER 
	EERos 
pre   X DFc  x 	 

pt 	1,000 W 

Equation 43 

1 	1  
( 	

1 kW  
Winter Peak Demand [kWsavings,H] = Capacity x 	 ) x DFH  x 

HSPF pre  HSPFpost 	1,000W 

Equation 44 

117  ENERGY STAR® Central AC/HP Savings Calculator. https://www.enerdystardov/products/certified-
products/detail/heat-pumps-air-source.  
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Summer and winter demand savings are determined by applying a coincidence factor for each 
season. Winter peak demand`savings are only applicable to heat pumps. 

Where: 

DFc 	 Cooling demand factor118  = 0.87 

DFH 	 Heating demand factor = 0.83 (heat pumps, default)119  

Deemed Energy Savings Tables 

Applying the a6ove algorithms results in the deemed energy savings per ton in Table 2-37. 
Heating savings arepnly applicable for heat pumps. 

Table 2-37: Deemed Energy Savings per:Ton 

Heating kWh 
Saved per Ton Climate Zone 

Cooling kWh 
Saved per Ton 

Climate Zone,1: Panhandle 64.40 154.20 

Climate Zone 2: North 108.61 110.16 

Climate Zone 3: South 124.57 92.44 

Climate Zone 4: Valley 166.80 ' 	63.6e 

Climate Zone 5: West 85.94 127.87- 

Deemed Summer Demand Savings Tables 	 L. 

Applying the above algorithnis results in the deemed'summer demand savings per ton in Table 
38. 

Table. 2-38:Deemed Summer Demand Savings per ton 

  

Summer Peak Demand 

kW Savings per Ton 
Climate Zone 

 

  

All Zones 
	

0.04680 

118  Air Conditioning Contractors of America (ACCA) Manual S recommends that residential air 
conditioners be sized at 115% of the maximum cooling requirement of the house. Assuming that the 
house's maximum cooling occurs during the hours 4 to 5 PM, the guideline leads to a coincidence 
factor for residential HVAC measures of 1.0/1.15 = 0.87. 

118  Air Conditioning Contractors of America (ACCA) Manual S recommends that residential heat pumps 
be siied at 115% of the maximum cooling requirement of the house (for cooling dominated climates). 
Based on AHRI data for 1.5 to 5 ton HVAC systems, the average ratio of rated heating capacity to 
cooling capacity is 0.96. Assuming that the house% maximum cooling occyrs during the hours 4 to 5 
PM, and adjusting for the average ratio of heating to cooling capacity, the guideline leads to a 
coincidence factor for residential heat pumps of 0.96/1.15 = 0.83.- 
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Deemed Winter Demand Savings Tables 

Applying the above algorithms results in the deemed winter demand savings per ton in Table 
39. Winter peak demand savings are only applicable for heat pumps. 

Table 2-39:Deemed Winter Demand Savings per ton 

Climate Zone 
Winter Peak Demand 

kW Savings per Ton 

All Zones 
	

0.06808 

Claimed Peak Demand Savings 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
peak demand savings and methodology. 

Additional Calculators and Tools 

This section is not applicable. 

Measure Life and Lifetime Savings 

The estimated useful life (EUL) for a tune-up is 5 years.12°  

According to the 2014 California Database for Energy Efficiency Resources (DEER), the 
estimated useful life of cleaning condenser and evaporator coils is 3 years 121, and the estimated 
useful life of refrigerant charge adjustment is 10 years:122  The other parts of the tune-up 
checklist are not listed in DEER, therefore 5 years, as referenced by the Measure Life Report, is 
used as the best representation of the entire tune-up. 

Program Tracking Data & Evaluation Requirements  

Primary inputs and contextual data that should be specified and tracked by the program 
database to inform the evaluation and apply the savings properly are: 

• Manufacturer 

• Model Number 

• Cooling capacity of the installed unit (tons) 

• Climate zone or county of the site 

• Type of unit 

0 Air conditioner 

120  GDS Associates, inc. (2007). Measure Life Report: Residential and Commercial/industrial Lighting and 
HVAC Measures. Prepared for The New England State Program Working Group; Page 1-3, Table 1. 

121  2014 California Database for Energy Efficiency Resources. 
http://www.deeresources.comffiles/DE  ER2013codeUpdate/download/DEER2014-EUL-table- 
update 2014-02-05.xlsx. 

122 ibid 
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o Air source heat pump . 

• Recommended: 

o Serial number 

o Refrigerant type 

o Target superheat or subcooling 

o Post tune-up superheat or subcooling 

o Amount of refrigerant added or removed 

o Static pressures before and after tune-up 

o Return and supply dry bulb and wet bulb temperatures 

o Before and after tune-up pictures of components illustrating condition change 
due to cleanings (Note: pictures that include.  well-placed familiar objects like hand 
tools often provide a sense of scale and a reference for color/shading 
comparisons. Pictures of equipment name plates 6re useful) 

References and Efficiency Standards  

Petitions and Rulings 
This section is mit applicable. 

bocument Revision History 
Table 2-40: Residential •Specialty and Directional LED Lamp RevisiOn History 

TRM 
Version 

v4.0 	10/10/2015 	TRM v4.0 origin 
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2.2.2 Duct Efficiency improvement Measure Overview 

TRM Measure ID: R-HV-DE 

Market Sector: Residential 

Measure Category: HVAC 

Applicable Building Types: Single-family, duplex and triplex; Multifamily; 
Manufactured 

Fuels Affected: Electricity and gas 

Decision/Action Type(s): Retrofit 

Program Delivery Type(s): Prescriptive 

Deemed Savings Type: Deemed Savings Calculations 

Savings Methodology: Engineering Algorithms and Building Simulation Modeling 

Measure Description 

This measure involves sealing leaks in supply and return ducts of the HVAC distribution 
systems of homes or converted residences with central air conditioning. 

Eligibility Criteria 

All residential customers with refrigerated air conditioning or evaporative cooling are eligible to 
claim cooling savings for this measure. Customers must have central heating with either a 
furnace (gas or electric resistance) or a heat pump to claim heating savings. 

Duct leakage should be assessed following Building Performance Institute (BPI) standards 
through testing. In some limited cases, where testing is not possible or unsafe (e.g. due to 
potential presence of asbestos), visual assessment may be satisfactory. The duct leakage 
testing should not be conducted in homes where either evidence of asbestos or mold is present 
or suspected due to the age of the home.123  

Utility program manuals should be consulted for health and safety considerations related to 
implementation of duct efficiency measures and/or testing procedures. 

123  The Building Performance Institute, Inc. (BPI) Standard Reference: Building Performance Institute 
Technical Standards for the Building Analyst Professional, v2/28/05mda, Page 1 of 17, states: 
"Health and Safety: 
Where the presence of asbestos, lead, mold and/or other potentially hazardous material is known or 
suspected, all relevant state and federal (EPA) guidelines must be followed to ensure technician 
and occupant safety. Blower door depressurization tests may not be performed in homes where there 
is a risk of asbestos becoming airborne and being drawn into the dwelling." 
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Duct sealing is a residential retrofit measure. 

Table 2-41: Duct Sealing — Applicability 

Application Type Applicable 	 Notes 

   

Retrofit 

 

Leakage-to-outside testing is required 

New Construction 

  

   

Baseline Condition 
The savings Calculation methodš for this measure are valid up to a maXimum pre-installation 
leakage rate of 35 percent of total fan flow.124  For homes with an initial leakage rate greater than 
35 percent of totl fan flow, savings will be awarded with.respect to this cap rather than the 
initial leakage. Data from nearly 28,000 single-family and mobile hbme duct blaster tests 
Conducted for duct efficiency improvements in Texas between 2003 and 2006 show that more 
than 70 percent of all`pre-retrofit leakage rates fall below 38 percent total legkage.125  

Engineering calculations show that the interior temperature in those settings that exdeed 38 
percent total leakage would be above the thermallý acceptable comfort levels piablished by 
ASHRAE in its 2009 Fundamentalš publication, The proposed pre-installation-leakage limits will 
help ensure that the deemed savings are an accurate reflection of the program's impacts, and 
that the program focuses its efforts on scenarios where'leakage cOnditions are likely to Persist if 
uhaddressed for several years. 

Low-incöthe customers126  are exempt from the cap limiting the maximum pre-installation 
leakage rate to 35 percent of total fan flow. 

High-Efficiency Condition 

fyl,aterials used should bb long-lasting Materials, suCh as mastics, UL 181A or UL 1816 
approved foil tape, or aerosol-based sealants. Fabric-based duct tape is not allowed. 

The selected methodology for estimating duct sealing energy savings requires duct leakage-to-
outside testing using a combination duct pressurization and house pressurization. 

Duct Leakage Testing 

Measurenienis to determine pre-installation and post-installation leakage rates must be . 
performed in accordance with utility-approved procedures. For this rneasure, leakage-to-obtside 
must be directly measured. The Project Sponsorshall use the Combination Duct BlasterTM  (or 
equivalent) and Blower Door method. Prior to beginning any installations, the Project Sponsor 
must submit the intended method(s) and may be required to provide the utility with evidence of 
Competency, such as Home Energy Rating System (HERS) or North American Technician 

124  Total Fan Flow = Cooling Capacity (tons) x 400 
125  Based on data collected by Frontier Associates, LLC for investor-owned utilities in Texas. 
126  Low-income customers are income-eligible customers served through a targeted low-income energy 

efficiency program as described in 25.181(r). This may also apply to income-eligible customers served 
through a hard-to-reach program that is.also delivered following the guidelines in 25.181(r). 	• 
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Excellence (NATE) certification. Leakage rates must be measured and reported at the average 
air distribution system operating pressure (25 Pa).127  

Energy and Demand Savings Methodology 

The annual energy and summer and winter peak demand savings to be claimed for this 
measure shall be calculated as a function of the reduction in duct leakage achieved, using the 
energy and demand savings coefficients from Table 2-42 through Table 2-45 for the climate 
zone in which the project was implemented and the type of heating equipment in the project 
home. 

Savings Algorithms and input Variables 

Calibrated simulation modeling was used to develop these deemed savings, which are 
expressed as linear functions of the reduction in duct leakage achieved (in CFM25). Specifically, 
these deemed savings estimates were developed using BEopt 2.6, running EnergyPlus 8.4 as 
the underlying simulation engine. To model this measure, the prototype home models for each 
climate zone were modified as follows: the base case duct leakage rate was set to 8 CFM25. 
Results from running the base case model provide estimated hourly energy use for the 
prototypical home prior to treatment. Post-treatment conditions were simulated by setting the 
leakage rate to 6 CFM25. Results from running the change case model provide estimated hourly 
energy use for the prototypical home after treatment. Comparison of these two runs provides 
the deemed savings estimates. 

Deemed savings are presented as a function of the CFM25 reduction achieved, as demonstrated 
by leakage to outside testing using the Combination Duct BlasterTm  (or equivalent) and Blower 
Door method. The kWh and kW per CFMso values represented by the VE, Vs, and VW 
coefficients are derived by taking the difference between annual energy use and summer and 
winter peak demand as estimated by the two model runs, and normalizing to the CFM25 
reduction achieved. 

Deemed Energy Savings Tables 

Table 2-42 presents the annual energy savings per CFM25 reduction for a residential duct 
sealing project. The following formula shall be used to calculate annual energy savings for duct 
leakage reduction: 

Deemed Energy Savings (kWh) = (DLp„ — DLpost) X VE  

Equation 45 

Where: 

DLpre 
	 Pre-improvement duct leakage at 25 Pa (cu. ft./min) 

DLpost. 	 Post-improvement duct leakage at 25 Pa (cu. ft./min) 

VE,C 
	 Cooling Energy Savings Coefficient in Table 2-42 

127  See RESNET Technical Committee, Proposed Amendment: Chapter 8 RESNET Standards, 800 
RESNET Standard for Performance Testing and Work Scope: Enclosure and Air Distribution Leakage 
Testing; Section 803.2 and Table 803.1. 
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Heating T pe Zone 1 Zone 2 

Region 

Zone 3 

VER 	 'Heating Energy Savings Coefficient in Table 2-42 

Table 242:'Energy Savings VE per CFM25 Reduction 

VE,c: Cooling Savings 
	

VE.H: Heating Savings 

Region 

Zone 1: Panhandle 

Refrigerated 	Evaporative 
Air 	Cooling 

Gas 
Heat 

0.07 

Electric 
Resistance 

2.75 

Heat Pump 

0.82 0.21 0.71 

Zone 2: North 1.05 N/A 0.03 1.19 0.31 

Zone 3: South 1.23 N/A 0.02 0.85 . 0.26 

Zone 4: yalley 1.46 N/A 0.01 0.61 0.19 

Zone 5: West 1.20 0.38 0.03 1.44 0.37 

For program'year 2017 only utilities may, at their discretion, calculate energy savings for this 
measure using the method described in TRM 3.1, and multiplying the result by the factor 
indicated in Table 2-43, corresponding to•the,appropriate weather zone arid heating type. 

Table 2-43: 2017 Energy Adjustment Factors 

Zone 4 Zone 5 

Gas 0.858 0.640 0.640 0.606 1.040 

Electric Resistance 0.567 0.562 0.575 0.578 0.583 

Heat Pump  0.561 0.566 0.585  0.583  0.601  

Deemed Summer Demand Savings Tables 

Table 2-44 presents the summer peak demand savings per CFM25 reduction for a residential 
duct sealing project. The following formula shall be used to calculate deemed summer demand 
savings for duct le6kage reduction: 

beemed Summer Demand Savings (kW) = (DLpre  — DLpo,t ) x Vs  

Equation 46 

Where: 

DLpre  , 	= 	Pre-improvemnt duct leakage at 25 Pa (cu. ft./min) 

DLpost 	= 	Post-improvernent duct leakage at 25 Pa (cu. ft/min) 

Vs 	=, Summer Demand Savings Coefficient in Table 27163 
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Table 2-44: Summer Demand Savings Vs per CFM25 Reduction 

Region 
Summer kW impact per CFM25Reduction 

Refrigerated Air 	Evaporative Cooling 

Climate Zone 1: Panhandle 

Climate Zone 2: North 

Climate Zone 3: South 

Climate Zone 4: Valley 

Climate Zone 5: West  

9.28E-04 

8.47E-04 

1.06E-03 

6.72E-04 

7.66E-04 

2.29E-04 

N/A 

N/A 

N/A 

1.86E-04 

Deemed Winter Demand Savings Tables 

Table 2-45 presents the winter peak demand savings per CFM25 reduction for a residential duct 
sealing project. The following formula shall be used to calculate deemed winter demand savings 
for duct leakage reduction: 

Deemed Winter Demand Savings (kW) = (DLp„ — DLpost ) x Vw  

Equation 47 

Where: 

Pre-improvement duct leakage at 25 Pa (cu. ft./min) 

Post-improvement duct leakage at 25 Pa (cu. ft./min) 

Winter Demand Savings Coefficient in Table 2-163 

Table 2-45: Winter Demand Savings Vw per CFM25 Reduction 

Region 
kWh impact per CFM25Reduction 

Gas 	Resistance 	Heat Pump 

Climate Zone 1: Panhandle 4.38E-06 8.49E-04 1.46E-04 

Climate Zone 2: North 1.22E-06 9.96E-04 6.98E-04 

Climate Zone 3: South 8.60E-06 8.61E-04 5.02E-04 

Climate Zone 4: Valley 1.18E-05 6.71E-04 4.06E-04 

Climate Zone 5: West 6.68E-06 2.81E-04 6.69E-05 

For program year 2017 only utilities may, at their discretion, calculate demand reductions for 
this measure using the method described in TRM 3.1—which does not have separate summer 
and winter reductions--and multiplying the result by the factor indicated in Table 2-46, 
corresponding to the appropriate weather zone and heating type. 

Table 2-46: 2017 Demand Adjustment Factors 

Region 

Heatin• T •e Zone 1 Zone 2 Zone 3 	, Zone 4 Zone 5 

Gas 0.921 0.709 0.759 	0.642 1.007 

Electric Resistance 0.913 0.741 0.755 	0.639 0.997 

Heat Pump 0.909 0.703 0.752 	0.638 0.991 
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Claimed Peak Demand Savings 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
peak demand savings and methodology. 

Examiile Deemed Savings Calculation 

Example 1. A 1,700 stivare foot home'With a 3.5-ton central air conditiOner and a"gas furnace in 
Climate Zone 3 is found to have a pre-retrofit duct leakage rate of 600 tFM25. Aftersealing 
leaks, duct leakage is estimated at 100 CFM25. 

-CFM 
Max Initial Leakage Rate = (400 	* 3.5tons)* 35% = 490 CFM25  

ton 

Reported Initial Leakage = Min(600, 490) = 490 CFM25  

DLp„ — DL post  = (490 — 100) = 390 CFM25  

kWh savings = (1.23 + 0.02) x 390 = 488 kWh' 

'Simmer kW savings = 1.06x10-3  x 390 = 0.41 kW 

Winter kW savings = 8.60x10-6  x 390 = 0.003 kW 

Additional Calculators and Tools 

There is a calculator to estimate the energy and demand savings associated with this measure 
using the algorithms described in the previous subsection. 

Measure Life and Lifetime Savings 

The estimated useful life (EUL) for a duct sealing measure is 18.0 years. 

This value is corisistent with the EUL reported in the 2014 California Database for Energy 
Efficiency Resources (DEER).128. 

Program Tracking Data & E'.valuation Requirements 

Primary inputs and contextual data that should be specified and tracked by the Program 
database to inform the evaluation and apply the savings properly are: 

• The climate zone 

• Heating type (gas, resistance heet, heat pump) 

• Cooling capacity of home HVAC units (tons) 

• Pre-improvement duct leakage at 25'Pa (cu. ft./min) 

12  2014 California Database for Energy Efficiency Resources. 
http://www.deeresources.com/index.php/deer2013-update-for-2014-codes.  
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• Post-improvement duct leakage at 25 Pa (cu. ft./min) 

References and Efficiency Standards  

Petitions and Rulings 
• Docket No. 41722. Petition of AEP Texas Central Company, AEP Texas North 

Company, CenterPoint Energy Houston Electric, LLC, El Paso Electric Company, 
Entergy Texas, Inc., Oncor Electric Delivery Company LLC, Sharyland Utilities, L.P., 
Southwestern Electric Power Company, Southwestern Public Service Company, and 
Texas-New Mexico Power Company to Approve Revisions to Residential Deemed 
Savings to Incorporate Winter Peak Demand Impacts and Update Certain Existing 
Deemed Savings Values. Public Utility Commission of Texas. 

Relevant Standards and Reference Sources 

This section is not applicable. 

Document Revision History  
Table 2-47: Duct Efficiency Improvement Revision History 

TRM 
Version 

Date 

v1.0 11/25/2013 

v2.0 4/18/2014 

v2.1 1/30/2015 

v3.0 4/10/2015 

v3.1 11/05/2015 

v4.0 10/10/2016 

Description of Change 

TRM v1.0 origin 

TRM v2.0 update. Minor formatting changes, and language introduced to provide 
further direction for low-income customers and testing procedure. Contractors now 
required to track cooling capacity of HVAC equipment Language added to reflect 
updates to federal standards for central heat pumps and central air conditioners. 

TRM v2.1 update. Addition of language referring contractors to program manuals for 
information regarding health and safety precautions. 

TRM v3.0 update. No revision. 

TRM v3.1 update. Update of reference sources for air temperatures and densities, 
heating degree-days. Cooling demand savings required to be claimed. 

TRM v4.0 update. Approach changed from algorithm-based to deemed savings 
coefficients estimated using building simulation models. Updated energy and 
demand savings. Added separate savings for homes with evaporative cooling. 
Updated measure description to eliminate eligibility for homes without a central AC, 
but with a ducted heating system. 
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2.2.3 Central Air Conditioner Measure Overview 

TRM Measure ID: R-HV-AC 

Market Sector: Residential 

Measure Category: HVAC 

Applicable Building Types: Single-family, duplex and triplex; Multifamily; 
Manufactured 

Fuels Affected: Electricity 

Decision/Action Type(s): Replace-On-Burnout, New Construction, Early Retirement 

Program Delivery Type(s): Prescriptive, Direct Install (Early Retirement) 

'Deemed Savings Type: Deemed Savings'Values (Lookup ables) 

Savings Methodology: Engineering Estimates. 

Measure.'Description 

Residential replacement of an existing central air conditioning system with a new central air 
conditioning system in an existing building, or the installation of a new central air conditioning 
system in a new residential construction. A new central air conditioning system includes an 
entire packaged unit, or a split systeM consisting of an indoor Unit with a matching remote 
condensing unit. 

Prior to July 1, 2016, utilities may, at their disCretion, claim savings •according to TRM v2.1. A 
settlement between the U.S. Department of Energy and the American Public Gas Association 
permits distributors and retailers to sell split-system central air•conditioners that do not meet 
'regional standards without penalty until July 1, 2016, provided they comply with federal 
standards and were manufactured before January I , 2015.1' After July 1, 2016, the 
Department of Energys enhanced regional standards for Texas13°  will determine the baseline 
and efficient conditions, as provided below. 

129  "Due to the uncertainty created by the litigation and in an exercise of its enforcement discretion, DOE 
will not seek civil penalties for violations of the regional standards applicable to central air conditioners 
that occur prior to July 1, 2016, provided that the violations are related to the distribution in commerce 
(including sales by retailers and installation) of units manufactured prior to January 1, 2015. DOE will 
continue to enforce the base national standard for central air conditioners and central air conditioning 

-heat pumps." 
American Public Gas Association v. United States Department of Energy, et al. "JOINT MOTION OF 
ALLPARTIES AND INTERVENORS TO VACATE IN PART AND REMAND FOR FURTHER 
RULEMAKING." USCA Case No. 11-1485. http://causeofaction.ord/assets/uploads/2014/03/Jdint-
Motion.pdf. Filed March 11, 2014. 

13° DOE minimum efficiency standard for residential ait conditioners/heat pumps'. 
https://wwwl.eere.enerdv.dov/buildincis/appliance  standards/oroduct.aspx/oroductid/75. 
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Eligibility Criteria 

Newly installed units must have a cooling capacity of less than 65,000 Btu/hour (5.4 tons) to be 
eligible for these deemed savings. 

Air conditioning equipment shall be properly sized to dwelling based on ASHRAE or ACCA 
Manual J standards. 

Manufacturer data sheets on installed air conditioning equipment or AHRI reference numbers 
must be provided. 

Utilities should refer to the January 2015 memo, "Considerations for early replacement of 
residential equipment,"131  when designing programs that permit savings to be claimed for early 
retirement. In order to receive early retirement savings, the unit to be replaced must be 
functioning at the time of removal with a maximum age of 24 years. 

Replacement of an evaporative cooler with a central air conditioner is eligible where the 
decision to change equipment types predates or is independent of the decision to install efficient 
equipment. 

Baseline Condition 

New construction baseline efficiency values for air conditioners are compliant with the current 
federal standard,132  effective January 1, 2015. The baseline is assumed to be a new air 
conditioner system with an AHRI-listed SEER rating of 14.0. 

For replace-on-burnout (ROB) projects, the baseline is reduced to 13.08 SEER. This value 
incorporates an adjustment to the baseline SEER value to reflect the percentage of current non-
program replacements that do not include the installation of an AHRI-matched system.133  

For early retirement (ER) projects, the cooling baseline is reduced to 10 SEER for systems 
installed before January 23, 2006. Systems installed on or after January 23, 2006 should not 
use the ER baseline, as the ER baseline increases to 12.44134  SEER at that time. 

131  Ward, B., Bodington, N., Farah, H., Reeves, S., and Lee, L. "Considerations for early replacement of 
residential equipment." Prepared by the Evaluation, Measurement, and Verification (EM&V) team for 
the Electric Utility Marketing Managers of Texas (EUMMOT). January 2015. This document has been 
made available to Texas investor-owned utilities through the EM&V team's SharePoint. 

132  DOE minimum efficiency standard for residential air conditioners/heat pumps. 
http://wwwteere.enemy.qov/buildinqs/appliance  standards/product.aspx/productid/75. 

133  Frontier Associates on behalf of the Electric Utility Marketing Managers of Texas (EUMMOT). "Petition 
to revise Existing Commission-Approved Deemed Savings Values for Central Air Conditioning and 
Heat Pump Systems: Docket No. 36780." Public Utility Commission of Texas. Approved August 27, 
2009. 
http://interchanqe.puc.state.tx.us/WebApp/lnterchanqe/application/dbapps/filinqs/paSearch.asp. 
Adapted for new 14 SEER baseline. 

134 Refer to Texas TRM 2.1 for savings using 12.44 SEER baseline. 
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Table 2-48: Central Air Conditioner Baseline Efficiencies 

Project Type Cooling Mode 

New Construction 14.00 SEER 

Replace-on-Burnout 13.08 SEER 

Early Retirement (as of 1/23/2006) 12.44 SEER 

Early Retirement (before 1/23/2006) 10.00 SEER 

High-Efficiency Condition 

Table 2-49 displays the Consortium for Energy Efficiency (CEE) requirements for eligible Tier 1 
air conditioners as of January 1, 2009. Energy efficiency service providers are expected to 
comply with the latest CEE Tier 1 requirements. 

Table 2-49: Central Air Conditioner CEE Tier 1 Requirements 

Energy and Demand Savings MethosiologT 

Savings Algorithms and input Variables 

New Construction and Replace-on-Burnout - 

Energy and summer demand savings wereestimated using air conditioner performance curves 
developed by the NationalRenewable Energy Laboratory135  for typical units in each of the 
following SEER ranges: 

• Baseline units 

• 14.5 — 14.9 

• 15.0 — 15.9 

• 16.0 — 16.9 

• 17.0 — i 7.9 

• 18'.0 — 20.9 

.,21.0 and above 

14.5 — 16.9 SEER units were assumed to be 'single stage. 17.0 SEER and above units were 
assumed to be multi-stage. 

135  D. Cutler'et al., lmprbved Modeling of Residential Air Conditioners and Heat Puthps for Energy 
Calculations. National Renewable Energy Laboratory. NREL/TP-5500-56354. January 2013. Tables 
12 and 13. http://www.nrel.00v/docs/fv13osti/56354.pdf.  
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Single 

Stage 

Multi-Stage/Speed 
Coefficient 

Low 
	

High 

These performance curves provide the capacity and efficiency of the air conditioners operating 
in cooling mode across a wide range of outside air temperatures. Unit loading was estimated as 
a function of outside air temperature, and hours of cooling mode operation under different 
loadings were estimated using bin weather data for each weather zone. 

Summer demand savings are estimated according to expected unit performance under design 
conditions. For all weather zones, it is assumed that typical HVAC systems are sized to 115 
percent of their design cooling load (oversized by 15 percent). Air conditioner system output 
was then compared to its loading under design conditions. 

The model uses the following set of normalized performance curves to scale the rated 
performance values as a function of outdoor dry-bulb temperature ranging from 65 to 115 
degrees Fahrenheit. The total capacity and Energy Input Ratio (EIR = 1/COP) curves are a 
function of entering wet-bulb temperature (EWB) and outdoor dry-bulb temperature (ODB) and 
are both quadratic curve fits of the form: 

y=a+bxTEwB +cx72wB +dxToDB +exThB +fxTEw6 ><TODB  

Equation 48 

Table 2-50: Air Conditioner Capacity Curve Coefficients 

a 3.670270705 

-0.098652414 

0.000955906 

0.006552414 

-0.0000156 

-0.000131877  

3.940185508 

-0.104723455 

0.001019298 

0.006471171 

-0.00000953 

-0.000161658  

3.109456535 

-0.085520461 

0.000863238 

0.00863049 

-0.000021 

-0.000140186 

Table 2-51: Air Conditioner EIR Curve Coefficients 

Coefficient 
Single 

Stage 

Multi-Stage/Speed 

Low 	 High 

a -3.302695861 

0.137871531 

-0.001056996 

-0.012573945 

0.000214638 

-0.000145054 

-3.87752688 

0.164566276 

-0.001272755 

-0.019956043 

0.000256512 

-0.000133539  

-1.990708931 

0.093969249 

-0.00073335 

-0.009062553 

0.000165099 

-0.0000997 

To estimate the baseline SEER value for retrofit installations, Texas A&M's Energy Systems 
Laboratory (ESL) surveyed dealers across the State to determine installation practices. The 
research found that in the event of a compressor failure out of warranty, dealers replaced the 
compressor 11.7% of the time, and replaced the condensing unit 88.3% of the time. Further, the 
condensing unit replacements consist of condensing unit-only replacements, replacements with 
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Replace ,Condensing 
Unit (88.3%) 

Replace dompressor 
Only (11.7%) 

Cond. Unit Only 
21.6% 

Cond. Unit ARI coil 
- same manuf 55.7% 

Cond. Unit with AR1-
Matched Coil 8.5% 

Cond. Unit With Non 
ARI-Matchecl Coil 

7.5% 

Compressor Failure 

mismatched evaporator coils, and replacements with matching evaporator coils. The 
percentages for these installations are as follows: 

Source: Docket No. 36780 

Figure 2-1: Unit Replacemerit'Percentages upon Compressor. Failure 

To calculate a weighted average SEER for these installations, ESL assumed that a compressor-
only replacement resulted in_no increase in SEER, and that the SEER of a condensing unit 
installed without a matching coil would be 85% of the SEER value for a matched system. The 
ESL estimate of the baseline SEER for replacement AC units is given by the following equation: 

SEERB„e  = (SEER Compressor Replac-ement) X (Actual % Compressor Replacement) 
+ (SEERcendemer Replacement) X (Actual% Condenser Replacement) 

+ (SEERsystem Replacement) X (Actual% System Replacement) 

Equation 49 

Substituting ESL SEER estimates and survey data provides the following baseline SEER 
e`stimate: 

SEERBase  = (9.5) x (11.7%) + (11.05) x (24.1%) + (13.5) x (64.2%) = 12.44 

Adjusting for the increased 14 SEER baseline: 

SEERBa„ =' (10.5) x (11.7%) + (11.9) x (24.1%) + (14) x (64.2%) = 13.08. . 

In new construction, there is no possibility of a partial system (e.g. condensing unit-only) change 
out, so the 13.08 baseline would not be appropriate. Therefore, the baseline for new 
construction installations is set at the federal government's minimum efficiendy standard of 14 
SEER. 
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Early Retirement 

Annual energy (kWh) and summer peak demand (kVV) savings must be calculated separately for 
two time periods: 

1. The estimated remaining life of the equipment that is being removed, designated 
the remaining useful life (RUL), and 

2. The remaining time in the EUL period (18 — RUL) 

Annual energy and summer peak demand savings are calculated by weighting the early 
retirement and replace-on-burnout savings by the RUL of the unit and the remainder of the EUL 
period, as outlined in Volume 3, Appendix D of this document. 

Where: 

RUL 	= 	Remaining Useful Life (see Table 2-52); if unknown, assume the age of the 
replaced unit is equal to the EUL resulting in a default RUL of 7.0 years 

EUL 	= 	Estimated Useful Life = 18 years 

Table 2-52: Remaining Useful Life of Replaced Unit 

Age of 

Replaced Unit 

(years) 

Remaining 

Useful Life 

(years) 

Age of 

Replaced Unit 

(years) 

Remaining 

Useful Life 

(years) 

1 16.8 14 8.6 

2 15.8 15 8.2 

3 14.9 16 7.9 

4 14.1 17 7.6 

5 13.3 18 7.0 

6 12.6 19 6.0 

7 11.9 20 5.0 

8 11.3 21 4.0 

9 10.8 22 3.0 

10 10.3 23 2.0 

11 9.8 24 1.0 

12 9.4 25136,137 0.0 

13 9.0 

136 RULs are capped at the 751h percentile of equipment age, 25 years, as determined based on DOE 
survival curves (see Figure 2-2). Systems older than 25 years should use the ROB baseline. See the 
January 2015 memo, "Considerations for early replacement of residential equipment," for further 
detail. 

137 Ward, B., Bodington, N., Farah, H., Reeves, S., and Lee, L. "Considerations for early replacement of 
residential equipment." Prepared by the Evaluation, Measurement, and Verification (EM&V) team for 
the Electric Utility Marketing Managers of Texas (EUMMOT). January 2015. This document has been 
made available to Texas investor-owned utilities through the EM&V team's SharePoint. 

2-70 
Residential: HVAC 	 Texas Technical Reference Manual, Vol. 2 
Central Air Conditioner 	 November 1, 2016 



Derivation of RULs 

Central air conditioners have an estimated useful life of 18 years. This estimate is consistent 
with the age at which approximately.50 percent of the central air conditioners installed in a given 
year will no longer be in service, as described by the survival function in Figure 2-2. 

Figure 2-2: Survival Function for Central'Air Conditioners138  

The method for estimating the remaining useful life (RUL) of a replaced system uses the age of 
the existing system to re-estimatd the projected unit lifetime based on the survival function 
shown in Figure 2-2. The age of the central air conditioner being replaced is found on the 
horizontal axis, and the corresponding percentage of surviving air conditioners is determined 
from the chart. The surviving percentage value is then' divided in half, creating a new estimated • 
useful lifetime applicablé to the current unit age. The age (year) that corresponds to this new 
percentage is read from the chart. RUL is estimated as the difference between that age and the 
current age of the system being replaced. 

Deemed Energy Savings Tables 

Table 2-53 through Table 2-57 present the energy savings (kWh) associated with central air 
conditioners installed in new homes. Table 2-58 through Table 2-62 present energy savings 
associated with replace-on-burnout of central air conditioners. Table 2-63 through Table 2-67 
present energy savings associated with early retirement of central air conditioners. 

138 Department of Energy, Federal Register, 76 FR 37408, Technical Support Document: 8.2.3.5 Lifetime. 
June 2011. http://wwwl.eere.enerdv.dov/buildinds/appliance  standards/product.aspx/produclid/75. 
Download TSD at: http://www.redulations.doW1PdocumentDetail:D=EERE-2011-BT-STD-0011-0012. 
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New Construction 

Table 2-53 through Table 2-57 present the energy savings (kWh) associated with central air 
conditioners installed in new homes (14 SEER baseline) for the five Texas climate zones. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  
Table 2-53: Energy Savings (kWh) for 14.0 SEER New Construction Baseline - Zone 1 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 78 150 278 447 527 712 

2.0 104 199 370 596 703 949 

2.5 130 249 463 745 879 1,186 

3.0 156 299 556 894 1,055 1,423 

3.5 181 349 648 1,043 1,230 1,661 

4.0 207 399 741 1,192 1,406 1,898 

5.0 259 499 926 1,490 1,758 2,372 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  
Table 2-54: Energy Savings (kWh) for 14.0 SEER New Construction Baseline - Zone 2 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 118 227 421 704 823 1,107 

2.0 157 302 561 938 1,097 1,477 

2.5 196 378 702 1,173 1,372 1,846 

3.0 236 453 842 1,407 1,646 2,215 

3.5 275 529 982 1,642 1,920 2,584 

4.0 314 604 1,122 1,876 2,195 2,953 

5.0 393 756 1,403 2,345 2,743 3,691 
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Climate Zone 3: South Region, Houston Weather Data  
Table 2-85. Energy Savings (kWh) for 14.0 SEER New Construction Baseline - Zone 3 

Size (tons) 

1.5 

14.5-14.9 

125 

15.0-15.9 

240 , 

SEER Range 

18.0-20.9 

907 

21.0+ 

1,211 

16.0-16.9 	17.0-17.9 

446 784 

2.0 166 320 594 1,045 1,210 1,614 . „ 

2.5 208 400 , 743 1,306 1,512 	. 2,018 

3.0 249 480 - 891 1,567 1,814 . 2,421 

3.5 291 560 1,040 1,828 2,117 2,825 

4.0 333 640 1,188 2,089 2,419 3,228 

' 5.0 416 800 1,485 2,612 3,024 4,035 

Climate Zone 4: Valley Region Corpus Christi Weather Data  _ 

Table 2-56: Energy Savings (kWh) for 14.0 SEER New Construction Baseline - Zone 4 

Size (tons) 

1.5 

SEER Range 

14.5-14.9 	15.0-15.9 	16.0-16.9 	17.0-17.9 	18.0-20.9 21.0+ 

145 279 518 904 1,048 1,402 

2.0 193 	• 372 690 1,205 1,397 1:869 

2.5 242 465 863 . 1,506 1,746 • 2,336 

3.0 290 558 1,035 1,807 2,095 2,804 

3.5 338 651 1,208 2,108 2,444 . 3,271 

4.0 387 743 1,381 2,409 2,793 3,738 

5.0 483 929 1,726 3,012 3,492 4,673 

Climate Zone 5: West Region El Paso Weather Data  
Table 2-57: Energy Savings (kWh) for 14.0 SEER New Construction Baseline - Zone 5 

Size (tons) 
SEER Range 

14.5-14.9 	15.0-15.9 16.0-16.9 	17.0-17.9 	18.0-20.9 	21.0+ 

1.5 101 195 , 	362 622 723 969 	. 

2.0 135 260 483 829 965 1,292 

2.5 169 325 603 ' 1,037 1,206 1,615 

3.0 203 390 724 1,244 1,447 1,939 

3.5 236 455 844 1,451 1,688 2,262 

4.0 270 520 965 1,659 1,929 2,585 

5.0 338 650 1,206 2,073 2,412 3,231 
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Replace-on-Burnout 

Table 2-58 through Table 2-62 present the energy savings (kWh) associated with central air 
conditioners installed in replace-on-burnout homes (13.08 SEER baseline) for the five Texas 
climate zones. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  

Table 2-58: Energy Savings (kWh) for 13.08 SEER Replace-on-Burnout Baseline - Zone 1 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 215 286 415 584 664 849 

2.0 286 382 553 779 885 1,131 

2.5 358 477 691 973 1,107 1,414 

3.0 429 573 829 1,168 1,328 1,697 

3.5 501 668 967 1,362 1,550 1,980 

4.0 572 764 1,106 1,557 1,771 2,263 

5.0 715 955 1,382 1,712 1,991 2,638 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  

Table 2-59: Energy Savings (kWh) for 13.08 SEER Replace-on-Burnout Baseline - Zone 2 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	, 	17.0-17.9 18.0-20.9 21.0+ 

1.5 325 434 628 911 1,030 1,315 

2.0 433 579 838 1,214 1,374 1,753 

2.5 542 723 1,047 1,518 1,717 2,191 

3.0 650 868 1,256 1,822 2,060 2,629 

3.5 759 1,012 1,466 2,125 2,404 3,068 

4.0 867 1,157 1,675 2,429 2,747 3,506 

5.0 1,084 1,446 2,094 3,036 3,434 4,382 
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Climate Zone 3: South Region, Houston Weather bata  
Table ,2-60: Energy Savings (kWh) for 13.08 SEER Replace-on-Burnout Baseline - Zone 3 

Size (tons) 

1.5 

SEER Range 

14.5-14.9 

344 

15.0-15.9 

459 

16.0-16.9 	17.0-17.9 18.0-20.9 	21.0+ 

665 1,003 1,127 1,43-0 

2.0 459 612 886 1,337 1,502 1,906 

2.5 ,,, 57a 765 Mod 1,671 1,878 2,383 

. 3.0 688 A 918 1,330 2,006 2,253.: 2,860 

3.5 803 1,0n 1,551 2,340 2,629 3,336 

4.0 918 1,225 1,773 2,674 3,004 ' 3,813 	- 

5.0 1;147 1,531 2,216 3,343 3,755 4766 

Climate Zone 4: Valley ReOion Corpus Christi Weather Data  
Table 2-61: Energy Savings (kWh) for 13.08 SEER Replace-on-Burnout Baseline - Zone 4 

Size (tons) 

1.5 

14.5-14.9 

400 

15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1,158 1,302 1,657 

2.0 533 712 1,030 1,545 1,737 2,209 

2.5 666 890 1,288 1,931 2,171 2,761 

3.0 1800 1,067 1,545 2,317 2,605 3,314 

3.5 933 1,245 1,803 2,703 , 3,039 	, 3,866 

4.0 1,066 1;423 2,060- 3,089 3,473 4,418 

5.0 1,333 1,779 2,576 3,861 4,342 5,523 

Climate Zone 5: West Region El Paso Weather Data  
Table 2-62: Energy Savings (kWh) for 13.08 SEER Replace-on-Burnout Baseline - Zone 5 

SEER Range 

14.5-14.9 
	

15.0-15.9 
	

16.0-16.9 
	

17.0-17.9 
	

18.0-20.9 

1.5*' ` 280 373 540 800 902 1,147 

2.0 373 497 720 1,067 1:202 1,530 

2.5 466 622 900 1,334 1,503 1,912 

3.0 559 746 - 1,080 1,600 1,803 2,295 

3.5 '652 ' 870 1,260 1,867 2,104 2,677 

4.0 745 995 1,440 2,134 2,404 3,060 

5.0 932 1,244 1,800 2,667 3,006 3,825 
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Early Retirement 

Table 2-63 through Table 2-67 present the early retirement energy savings (kWh) associated 
with central air conditioners installed in homes for the five Texas climate zones. These savings 
can be used with the replace-on-burnout energy savings in Table 2-58 through Table 2-62 to 
calculate annual savings. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  

Table 2-63: Energy Savings (kWh) for 10.0 SEER Early Retirement Baseline - Zone 1 

Size (tons) 
SEER Range 

14.5-14.9 15.0-15.9 16.0-16.9 17.0-17.9 18.0-20.9 21.0+ 

1.5 856 927 1,056 1,225 1,305 1,490 

2.0 1,141 1,237 1,408 1,633 1,740 1,986 

2.5 1,426 1,546 1,759 2,042 2,175 2,483 

3.0 1,711 1,855 2,111 2,450 2,610 2,979 

3.5 1,996 2,164 2,463 2,858 3,045 3,476 

4.0 2,282 2,473 2,815 3,267 3,480 3,972 

5.0 2,852 3,091 3,519 4,083 4,351 4,965 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  

Table 2-64: Energy Savings (kWh) for 10.0 SEER Early Retirement Baseline - Zone 2 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 1,296 1,405 1,600 1,882 2,002 2,286 

2.0 1,729 1,874 2,133 2,510 2,669 3,048 

2.5 2,161 2,342 2,666 3,137 3,336 3,810 

3.0 2,593 2,811 3,199 3,764 4,003 4,572 

3.5 3,025 3,279 3,732 4,392 4,670 5,334 

4.0 3,457 3,747 4,265 5,019 5,337 6,096 

5.0 4,322 4,684 5,332 6,274 6,672 7,620 
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Climate Zone 3: South Region, Houston Weather Data  
Table 2-65: Energy Savings (kWh) for 10.0 SEER Early Retirement Baseline - Zone 3 

Size (tons) 

1.5 

14.5-14.9 

1,372 

SEER Range 

15.0-15.9 16.0-16.9 17.0-17.9 18.0-20.9 21.0+ 

1,487 1,693 2,031 2,155 2,458 

2:0 1,830 1,983 2,257 2,708 2,873 3,277 

2.5 2,287 2,479 	' 2,822 3,385: 3,59'1 4,097 

. 	3.0 2,744 2,975" 3,386 4,062 4,309 4,916 

3.5 3,202 , 	3,470 3,950 4,739 . 	5,027 5,735 

4.0 3,659 ' , 3,966 4,514 5,416 5,746 , 6,564 

510 4,574 .4,958 5,643 6,770 7,182 8,193 

Climate Zone 4: Valley Region Corpus Christi Weather Data  
Table 2-66: Energy Savings (kWh) for 10.0 SEER Early Retirement Baseline - Zone 4 

Size (tons) 

1.5 

SEER Range 

18.0-20.9 

2,497 

14.5-14.9 	15.0-15.9 	16.0-16.9 17.0-17.9 21.0+ 

1,595 1,728 1,967 2,353 2,852 

2.0 2,126 2,305 ., 2,623 3,138 3,330 3,802*  

2.5 2,658 , 	2,881 3,279 	.. . 	.3,922 4,162 4,753 

. 	3.0 	- 3,189 3,457 3,935 - 	4,706 4,994 5,703 . 

3.5 .3,721 4,033 4,591 5,491 5,827 6,654 

4.0 4,252 4,609 5,247 6,275 6,659 7,604 

5.0 5,316 . 5,762 6,558 7,844 	. 8,324 9,505 

Climate Zone 5: West Region El Paso Weather Data  
Table 2-67: Energy SavMgs (kWh) for 10.0 SEER Early Retirement,Baseline - Zone 5 

Size (tons) 

1.5 

SEER 

16.0-16.9 

1,375 

Range 

17.0-17.9 

1,635 

14.5-14.9 	15.0-15.9 18.0-20.9 21.0+ 

1,115 1,208 1,737 1,983 

2.0 1,486 ' 1,611 1,834 2,180 2,316 2,643 

2.5 1,858 2,014 2,292 2,726 2,895 3,304 

3.0 2,229 2,416 2,751 3,271 3,474 3,965 

3.5 2,601 2,819 3,209 3,816 4,053 4,626 

4.0 2,973 3,222 3,667 4,361 4,632 5,287 

5.0 3,716 ..4,027 4,584 5,451 5,789 6,609 
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Deemed Summer Demand Savings Tables 

New Construction 

Table 2-68 through Table 2-72 present the summer demand savings (kVV) associated with 
central air conditioners installed in new homes (14.0 SEER baseline) for the five Texas climate 
zones. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  
Table 2-68: Summer Demand Savings for 14.0 SEER New Construction Baseline - Zone 1 

Size (tons 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 0.05 0.10 0.19 0.19 0.26 0.38 

2.0 0.07 0.14 0.25 0.26 0.34 0.51 

2.5 0.09 0.17 0.32 0.32 0.43 0.63 

3.0 0.11 0.21 0.38 0.39 0.51 0.76 

3.5 0.12 0.24 0.44 0.45 0.60 0.89 

4.0 0.14 0.27 0.51 0.52 0.69 1.02 

5.0 0.18 0.34 0.64 0.65 0.86 1.27 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  
Table 2-69: Summer Demand Savings for 14.0 SEER New Construction Baseline - Zone 2 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17,9 18.0-20.9 21.0+ 

1.5 0.06 0.11 0.20 0.20 0.27 0.39 

2.0 0.08 0.15 0.27 0.26 0.35 0.52 

2.5 0.10 0.18 0.34 0.33 0.44 0.66 

3.0 0.11 0.22 0.41 0.39 0.53 0.79 

3.5 0.13 0.26 0.48 0.46 0.62 0.92 

4.0 0.15 0.29 0.54 0.53 0.71 1.05 

5.0 0.19 0.37 0.68 0.66 0.88 1.31 
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Climate Zone 3: South Region, Houston Weather Data  
Table 2-70: Summer Demand Savings for 14.0 SEER New Construction Baseline - Zone 3 

Size (tons) 
SEER Range 

14.5-14.9 	15.0-15.9 	16.0-16.9 	17.0-17.9 	18.0-20.9 	21.0+ 

1.5 0.05 0.10 . 0.19 0.19 0.26, 0.38 

2.0 0.07 0114 0.25 6.26 0.34 0.51 

2.5 0.09 '*. 0.17 0.32 0.32 0.43 0.63 

3.0 0.11 	, 0.21 , 0.38 0.39 0.51 0.76 

3.5 0.12 * 0.24 0.44 0.45 0.60 . 	0.89 

4.0 0.14 0.27 0.51 0.52 0.69 1.02 

5.0 0.18 0.34 0.64 0.65 0.86 1.27 	- 

Climate Zone 4: Valley Region Corpus Christi Weather Data  
Table 2-71: Surimer Demand Savings for 14.0 SEER New Construction Baseline - Zone 4 

Size (tons) 
SEER Range 

14.5-14.9 	15.0-15.9 	16.0-16.9 	17.0-17.9 	18.0-20.9 	21.0+ 

1.5 0.05 0.19 0.19 0.19 ' 0.26 0.38 

2.0 0.07 0.14 0.25 '0.26 * 0.34 0:51 

2.5 0.09 '0.17 0.32 0.32 0.43 0.63 

3.0 0.11 0.21 0.38 0.39 0.51.. 0.76 

3.5 * 0.12 0.24 .. 9.44 	. 0.45 0.60 9.89 

4.0 0.14 '0.27 0.51 0.52 0.69 1.02' 

5.0 0.18 '0.34 0.64 '0.65 0.86 1.27 

bliniate Zone 5: West Region El Paso Weather Data  
Table 2-72: Summer Demand Savings for 14.0 SEER New Construction Burnout Baseline - Zone 5 

Size (tons) 

1.5 

SEER Range 

14.5-14.9 	15.0-15.9 	16.0-16.9 	17.0-17.9 	18.0-20.9 	21.0+ 

0.06 0.11 0.20 0.20 9.27 0.39 

2.0 0.08 0.15 0.27 0.26 0.35 0.52 

2.5 0.10 0.18 0.34 0.33 0.44 0.66 

3.0 0.11 0.22 0.41 0.39 	' 0.53 0.79 

3.5 , 0.13 0..26 0.48 0.46 0.62 0.92 

4.0 0.15 0.29 0.54 0.53 0.71 1.05 

5.0 0.19 0.37 0.68 0.66 0.88 1.31 
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Replace-on-Burnout 

Table 2-73 through Table 2-77 present the summer demand savings (kVV) associated with 
central air conditioners installed in replace-on-burnout homes (13.08 SEER baseline) for the five 
Texas climate zones. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  
Table 2-73: Summer Demand Savings for 13.08 SEER Replace-on-Burnout Baseline - Zone 1 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 0.15 0.20 0.28 0.29 0.35 0.47 

2.0 0.20 0.26 0.38 0.38 0.47 0.63 

2.5 0.25 0.33 0.47 0.48 0.58 0.79 

3.0 0.29 0.39 0.57 0.58 0.70 0.95 

3.5 0.34 0.46 0.66 0.67 0.82 1.11 

4.0 0.39 0.52 0.76 0.77 0.94 1.27 

5.0 0.49 0.66 0.95 0.96 1.17 1.58 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  
Table 2-74: Summer Demand Savings for 13.08 SEER Replace-on-Burnout Baseline - Zone 2 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	, 	17.0-17.9 18.0-20.9 21.0+ 

1.5 0.16 0.21 0.30 0.30 0.37 0.49 

2.0 0.21 0.28 0.41 0.40 0.49 0.66 

2.5 0.26 0.35 0.51 0.50 0.61 0.82 

3.0 0.31 0.42 0.61 0.60 0.73 0.99 

3.5 0.37 0.49 0.71 0.69 0.85 1.15 

4.0 0.42 0.56 0.81 0.79 0.98 1.32 

5.0 0.52 0.70 1.01 0.99 1.22 1.65 
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Climate Zone 3: South Region, Houston Weather Data  

Table 2-75: Summer Demand Savings for 13.08 SEER Replace-on-Burnout Baseline - Zone 3 

Size (tons) 
SEER Range 

18.0-20.9 

0.35 

21.0+ 

0.47 

14.5-14.9 	15.0-15.9 	16.0-16.9 	17.0-17.9 

1.5 0..15 0.20 0.28 0.29 

2.0 0.20 0.26 0.38 0.38 0.47 0.63 

2.5 0.25 0.33 0.47 	• 0.48 , 	0.58 0.79, 

- 	3.0 0.29,  ' 	0.39 ' 0.57 0.58 	- 0:70 0.95 

3.5 , 0.34 0.46, 0.66 0.67 0.82 1.11 

4.0 0.39 0.52 0.76 0.77 0.94 127 

5.0 0.49 0.66 0.95 0.96 1.17 1.58 

Climate Zone 4: Valley Region Corpus Christi Weather Data  

Table 2-76: Summer Demand Savings for 13.08 SEER Replace-on-Burnout Baseline - Zone 4 

Size (tons) 
SEER Range 

14.5-14.9 	15.0-15.9 	16.0-16.9 	17.0-17.9 18.0-20.9 	21.0+ 

1.5 0.15 0.20 0.28 '0.9 0.35 0.47 

2.0 0.20 0.26 0.38 0.38 0.47 0.63 

2.5 0.25 0.33 0.47 ' 0.48 0.58 0.79 

3.0 0.29 0.39 0.57 0.58 0.70 0.95 

3.5: 0.34 0.46 , 0.66 • 0.67 	- 0.82 1.11 

4.0 0.39 0.52 0.76 0.77 0.94 1.27 

5.0 0.49 0.66 0.95 - 	0.96 1.17 1.58 

Climate Zone 5: West Region El Paso Weather Data  

Table 2-77: Summer Demand SavingS for 13.08 SEER Replace-on-BurnoUt Baseline - Zone 4 

Size (tons) 

1.5 

SEER Range 

14.5-14.9 

0.16 

15.0-15.9 

* 0.21 

16.0-16.9 

0.30 

17.0-17.9 	18.0-20.9 	21.0+ 

0.30 - 0.37 0.49 

2.0 0.21 0.28 0.41 0.40 0.49 0.66 

2.5 0.26 0.35 , 0.51 0.150 0.61 0.82 

3.0 ' 0.31 0.42 0.61 0.60 0.73 0.99 

3.5 0.37 0.49 0.71 0.69 0.85 	, 1.15 

4.0 0.42 0.56 0.81 0.79 ' 0.98 - 	1.32 

,5.0 0.52 0.70 1.01 0.99 1.22 1.65 
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Early Retirement 

Table 2-78 through Table 2-82 present the early retirement summer demand savings (kW) 
associated with central air conditioners installed in homes for the five Texas climate zones. 
These savings can be used with the replace-on-burnout energy savings in Table 2-73 through 
Table 2-77 to calculate summer demand savings. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  
Table 2-78: Summer Demand Savings for 10.0 SEER Early Retirement Baseline - Zone 1 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 0.59 0.64 0.72 0.73 0.79 0.91 

2.0 0.78 0.85 0.97 0.97 1.05 1.22 

2.5 0.98 1.06 1.21 1.21 1.32 1.52 

3.0 1.17 1.27 1.45 1.46 1.58 1.83 

3.5 1.37 1.49 1.69 1.70 1.85 2.13 

4.0 1.57 1.70 1.93 1.94 2.11 2.44 

5.0 1.96 2.12 2.41 2.43 2.64 3.05 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  
Table 2-79: Summer Demand Savings for 10.0 SEER Early Retirement Baseline - Zone 2 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 0.63 0.68 0.77 0.77 0.84 0.96 

2.0 0.84 0.91 1.03 1.02 1.11 1.28 

2.5 1.05 1.13 1.29 1.28 1.39 1.61 

3.0 1.26 1.36 1.55 1.54 1.67 1.93 

3.5 1.46 1.59 1.81 1.79 1.95 2.25 

4.0 1.67 1.81 2.06 2.05 2.23 2.57 

5.0 2.09 2.27 2.58 2.56 2.79 3.21 

2-82 
Residential: HVAC 	 Texas Technical Reference Manual, Vol. 2 
Central Air Conditioner 	 November 1, 2016 



Climate Zone 3: South R6gion, Houston Weather Data 	
k• 

Table 2-80: Summer Demand Saving's for 10.0 SEER Early Retirement Baseline - Zone 3 

Size (tons) 

1.5 0.59 

SEER Range 

21.0+ 

6.91 

15.0-15.9 	16.0-16.9 	17.0-17.9 	18.0-20.9 

0.64 0.72 0.73 0.79 

2.0 0.78 0.85 0.97 0.97 1.05 1.22 

2.5 0.98 1.06 1.21 1.21 1.32 1:52 

3.0 1.17 1.27 1.45 1;46 1.58 - 1183 

3.5 1.37, 1.49 1.69 1.70 1.85 2.13 

4.0 1.57 	. 1.70 1.93 1.94 2.11 * 2.44 

5.0 1.96 2.12 2.41 	• - 	2.43 2.64 3,05 

Climéte Zone- 4: Valley Region Cormis Christi Weather Data  
Table 2-81: Summer Demand Savings for 10.0 SEER Early Retirement Baseline - Zone 4 

Size (tons) 

1.5 

SEER Range 

17.0-17.9 

0.73 

18.0-20.9 

0.79 

21.0+ 

0.91 

14.5-14.9 	15.0-15.9 	16.0-16.9 
.., 

0.59 0.64 0.72 

2.0 ,0.78 0.85 0.97 0.97 1.05 1.22 

2.5 0.98 1.06 1.21 1.21 1.32 1.52 

3.0 	- 1.17 1.27 1.45 1.46 1.58 . 	1.83 

3.5 	' 1137 1.49 1.69 1.70 1.85 . 2.13 

4.0 1.57 1.70 1.93 1.94 2.11 2.44 

5.0 1.96 2.12 2.41 2.43 2.64 . 3.05 

Climate Zone 5: West Region El Paso Weather Data  
Table 2-82: SuminerDemand Savings for 10.0 SEER Early Retirement gaseline Zone 5 

Size (tons) 

1.5 

15.0-15.9 

0.68 

SEER 

16.0-16.9 

0.77 

Range 

17.0-17.9 

0.77 

14.5-14.9 18.0-20.9 	21.0+ 

0.63 0.84 0.96 

2.0 0.84 0.91 1.03 1.02 1.11 1.28 

2.5 1.05 1.13 1.29 1.28  1.39 1:61 

3.0 1.26 .1.36 1.55 1.54 1.67 1.93 

3.5 1.46 1.59 1.81 1.79 1.95 2.25 

4.0 1.67 1.81 2.06 ' 2.05 2.23 2.57 

5.0 2.09 2.27 . 2.58 2.56 2.79 3.21 
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Deemed Winter Demand Savings Tables 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
winter peak demand savings and methodology. 

Claimed Peak Demand Savings 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
peak demand savings and methodology. 

Additional Calculators and Tools 

This section is not applicable. 

Measure Life and Lifetime Savings 

The estimated useful life (EUL) of a central air conditioning unit is 18 years based on the current 
DOE Final Rule standards for central air conditioners.' 

Program Tracking Data & Evaluation Requirements  

Primary inputs and contextual data that should be specified and tracked by the program 
database to inform the evaluation and apply the savings properly are: 

• Decision/action type (early retirement, replace-on-burnout, new construction) 

• Cooling capacity of the installed unit (tons) 

• Seasonal Energy Efficiency Ratio (SEER) of the installed unit 

• Climate zone of the site 

• Age of replaced unit (Early Retirement only) 

• Recommended: retired unit model number, serial number, and manufacturer (Early 
Retirement only) 

• Recommended: photograph of retired unit nameplate (Early Retirement only) 

• Recommended: customer responses to survey questionnaire for early retirement 
eligibility determination (Early Retirement only) 

References and Efficiency Standards  

Petitions and Rulings 

This section is not applicable. 

139  Final Rule: Standards, Federal Register, 76 FR 37408 (June 27, 2011) and associated Technical 
Support Document. Accessed 10/21/2014. 
http://wwwl .eere.eneray.qov/buildincis/appliance  standards/product.aspx/productid/75. Download 
TSD at: http://www.requlations.qovXdocumentDetail:D=EERE-2011-BT-STD-0011-0012. 
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Relevant Standards and Reference Sources 
• ASHRAE 90.1-1999 (l4esidential Buildings)' 

• ACCA Manual J Residential Load Calculation (8th  Edition)14° 

Document Revision History 
Table 2-83: Residential Central Air Conditioner Revision Historý 

TRM 
Version 

v1.0 

Date 

11/25/2013 

Description of Change 

TRM v1.0 origin 	
- 	 • - 

v2.0 4/18/2014 

TRM v2.0 update. Low-income and Hard-to-Reach Market 
Transformation section merged with main meastire as "Early 
Retiremenr option. Updated by Frontier Associates, March 2014, based 
on new federal standards. 	. 

v2.1 1/30/2015 
_ 	. 

TRM v2.1 update. Reversion to TkM v1.0 savings tables to reflect 
deferred enforcement of new regional standards. A court-ordered 
settlement allows SEER 13 split-system unite' to be sold without penalty 
until JulY 1, 2016. 

v3.0 
. 

4/10/2015 

TRM v3.0 update. Savings values incorporated corresponding with 
federal ind regional standar:cis effective January 1, 2015. Early 
retirement savings may be claimed through any approP"riaiely designed 
program in accordance with EM&V team's memo, "Considerations for 
early replacement of residential equipment." Remaining useful lifetimes 
updated. 	, 	 „ 	 . 

v3.1 11/05/2015 
TRM v3.1 update. RemOval of legacy language around baseline. 
Extension of Early Retirement savings tables to higher SEER values. 

v4.0 10/10/2016 

TRM v4.0 update. Added RUL value for units with an age of One year. 
Added a default RUL value for when the age of the unit is unknown. 
Eliminated the eligibility requirement of the existing unit to have a 
minimum age of five years. Updated savings for 15.0-15.9 SEER`range. 

140  https://www.acca.org/store/product.php?pid=172.  
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2.2.4 Ground Source Heat Pump Measure Overview 

TRM Measure ID: R-HV-GH 

Market Sector: Residential 

Measure Category: HVAC 

Applicable Building Types: Single-family, duplex and triplex; Multifamily; 
Manufactured 

Fuels Affected: Electricity 

Decision/Action Type(s): Replace-on-Burnout, New Construction 

Program Delivery Type(s): Prescriptive 

Deemed Savings Type: Deemed Savings Values and Calculations 

Savings Methodology: Engineering Algorithms and Estimates 

Measure Description 

This measure requires the installation of a ground-source heat pump (GSHP) meeting the 
minimum requirements of ENERGY STAROTier 3 geothermal heat pump key product criteria. 
The deemed savings are dependent upon the energy efficiency rating (EER) and coefficient of 
performance (COP) of the installed equipment. Savings calculations are presented for systems 
both with and without desuperheaters. 

Eligibility Criteria 

The deemed savings apply to units with a capacity of 5_ 65,000 Btu/hour. 

Energy savings for desuperheaters only apply if the desuperheater is attached to an electric 
storage water heater. The electric storage water heating cannot replace a gas water heater in a 
retrofit installation. 

Baseline Condition 

The baseline unit is assumed to be an air-source heat pump (ASHP) for new construction, and 
either an ASHP or an electric resistance furnace for replace-on-burnout projects. New construction 
baseline efficiency values for ASHPs are compliant with the current federal minimum standard,'" 
effective January 1, 2015. 

141  DOE minimum efficiency standard for residential air conditioners/heat pumps. 
http://wwwl.eere.energy.qov/buildinas/appliance  standards/product.aspx/productid/75. 
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11.8 EER 
(14'SEE.R) 

2.4 COP 
(8.2 HSPF) 

New ConstrUction 

'ROB — Air Source Heat Pump Baseline 

ROB — Electric Reaistance Baseline 

, 2.4 COP 

(8.2 HSPF) 

1 COP 

• (3.41 HS,PF) 

11.4 EER 

(13.08 SEER) 

Project Type 
Cooling 	Heating 
Modem 	Model" 

  

For replace-on-burnout (ROB) projects, the cooling baseline is reduced to 13.08 SEER. This value 
incorporates an adjustment to the baseline SEER value to reflect the percentage of curient 
replacements that do noi include the installation of an AHRI-matched system:142  The heating 
baseline for replace-on-burnout projects is dependent on the heating type of the baseline equipment. 

Table 2-84: Ground Sdurce Heat Pump Baseline Eificiencies 

High-Efficiency Condition 

Table 2-85 displays the ENERGY STARO requirements for eligible Tier 3 geothermal heat 
pkimps as of January 1, 2012. Energy efficiency service providèrs are expected to comply with 
the latest ENERGY STAR® requirements. 

Table 2-85: Ground Source Heat Pump ENERGY STARO.Tier 3 Requirements 

Product Type 
Cooling Mode 	Heating Mode 

(EER) 	 (COP) 

Closed Loop Water-to-Air 17.1 3.6 

Open,Loop Water-to-Air 21.1 4 1 

., 	Closed Loop Water-to-Water 16.1 3.1 

Open Loop Water-to-Water 20.1 - 	3.5 

Direct Geoexchange (DGX) 16.0 . 	3.6 

The specifications in the charts above apply to single-stage models. Multi-stage models may be 
qualified based on:145  

• EER = (highest rated capacity EER + lowest rated capacity EER) + 2 

Equation 50 

142  Frontier Aasociates dn behalf of the Electric Utility Marketing Managers of Texas (EUMMOT). "Petition 
to revise Existing Commission-Approved Deemed Savings Values for Central Air Conditioning and Heat 
Pump Systems: Docket No. 36780." Public Utility Commission of Texas. Approved August 27, 2009. 
http:llinterchanbe.puc.state.tx.us/WebApp/lnterchanbe/application/dbapos/filings/pqSearch.asb. 
Adapted for new 14 SEER baseline. 

143  Code specified EER value converted to SEER using EER = -0.02 x SEER2  + 1.12 x SEER. National 
Renewable Energy Laboratory (NREL). "Building America House Simiilation Protocols." U.S. 
Department of Energy. Revised October 2010. htib://www.nrel.bov/d6cs/fvllosti/49246.mlf. 

144 Code specified HSPF value converted to COP using COP = HSPF x 1,055 J/Btu + 3,600 JAN-h. 
145  Geothermal Heat Pumps Key Product Criteria, 

https://www.enercivstar.qov/index.cfm?c=beo  heat.br crit beo heat PUMPS.  Accessed February,2014. 
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• COP = (highest rated capacity COP + lowest rated capacity COP) + 2 

Equation 51 

Energy and Demand Savings Methodology 

Savings Algorithms and input Variables 

Peak demand and annual energy savings for GSHP systems should be calculated as shown 
below. Where a desuperheater is also installed, please see the Deemed Energy Savings Tables 
section for additional energy savings, and the Deemed Summer Demand Savings Tables for 
additional demand savings. 

Energy and demand savings for desuperheaters were adapted from a 2001 study conducted by 
Oak Ridge National Laboratory (ORNL) on ground source heat pumps in Texas.146  
Desuperheater savings were calculated for each climate zone by taking the difference in savings 
between GSHPs with and without desuperheaters, and averaging the savings between low and 
high efficiency units. Savings for GSHP systems with desuperheaters should be calculated using 
the algorithms below with an additional energy credit based on the system capacity and 
efficiency. 

The ORNL study draws from a 1998 analysis based on a study conducted at the Fort Polk Joint 
Readiness Training Center in Leesville, Louisiana. The Fort Polk study used calibrated 
simulations of 200 multifamily residences in the complex to estimate energy savings attributable 
to replacement of air source heat pumps with ground source heat pumps. These estimates were 
found to be within 5% of actual post-retrofit savings. Building models were developed using 
TRNSYS.147  

Using the Fort Polk models, the ORNL study assumed a baseline of a 1.5 ton, 10 SEER air 
source heat pump. Simulations of low-, medium-, and high-efficiency ground source heat pumps 
with and without desuperheaters were compared against the baseline unit. The models were run 
using TMY-2 weather profiles for climate zones 1-4. Energy and demand differences between the 
pre- and post-retrofit models were used to estimate average savings per ton of cooling capacity. 

In the 1998 analysis, low-efficiency GSHPs were assumed to be units with an EER of 12.4 and 
capacity of 19 kBtuh, while medium-efficiency units had an EER of 16.8 and capacity of 21 kBtuh. 
High-efficiency units had an EER or 18.3, with a capacity of 22 kBtuh. 

These models were used to derive the energy and demand savings associated with installation of 
a desuperheater along with a ground source heat pump, as shown in Table 2-87 and Table 2-88, 
respectively. 

146  Shonder, J. A., Hughes, P., and Thornton, J. Development of Deemed Energy and Demand Savings 
for Residential Ground Source Heat Pump Retrofits in the State of Texas. Transactions-American 
Society of Heating, Refrigerating, and Air Conditioning Engineers. 108, no. 1: 953-961, 2001. 
http://web.orn  ov/—webwo rks/cppr/y2001/pres/112677.pdf. 

147  Klein, S. A. TRNSYS Manual: A Transient Simulation Program. Solar Engineering Laboratory, 
University of Wisconsin-Madison, Version 14.2 for Windows, September 1996. 
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Energy Savings Algorithms 

kWhsavings = kWhsavingS,Summer + kWhsavings,winter + kWhdesuperheater 

Equition 52 

	

1 kW 	 1 	1 
X EFLH x 	 

(SEERHaSe  EERGSHP) 
kWhsavings,C =  CAP c  x 	 

1,000W 

EquatiOn 53 

1 kWh 	 1 	 1 
kWhsavings,H = CAP H  x 	 EFLHH  x 	x 	 

1,000 Wh 	 (HSPF Base  3.412 x COPGSHP ) 

Ecjuation 54 

Where: 

kWhdesuperheater = Energy savings (kWh) associated with installation of a desuperheater 
(see Table 2-87). These savings should only be added if a 
desuperheater is installed. 

CAPc 	= 	Rated equipment cooling capacity of the installed GSHP (Btu/hr.) 

CAPH 	= 	Ratedequipment heating capacity of the installed GSHP (Btu/hr.) 

EFLHc 	= 	Equivalent full load hours for cooling) 

EFLHH 	= 	Equivalent full load hours for heating (Table 2-86) 

SEERHa„ 	= 	Seasonal Energy Efficiency Ratio of the baseline cooling equipment 
(Table 2-84) 

EERGSHF, 	= 	Energy Efficiency Ratio of the installed GSHP 

HSPFHase 	= 	Heating Seasonal Performance Factor of the baseline heating 
equipment (Table 2-84) 

COPGSHP 	 Coefficient of Performance of the installed GSHP 
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Table 2-86: Equivalent full load cooling/heating hours1" 

Climate Zone 	EFLHc EFLHH 

Climate Zone 1: Panhandle 

Climate Zone 2: North 

Climate Zone 3: South 

Climate Zone 4: Valley 

Climate Zone 5: West 

Demand Savings Algorithms 

	

1,142 	1,880 

	

1,926 	1,343 

	

2,209 	1,127 

	

2,958 	776 

	

1,524 	1,559 

1 kW 	1 	1 
	 x CFc  + kWdesuperheater X 	 kWsavings,C = CAP c  x 	 

1,000W (EERHase  EERGSH p 

Equation 55 

1  kWh (  1 	1 
kWsavings,H = CAPH  x 

3, 412 Btu COPHa„ COPGSHT,) x CF
H  

Equation 56 

Where: 

CAPc 	= 	Rated equipment cooling capacity of the installed GSHP (Btu/hr.) 

CAPH 	= 	Rated equipment heating capacity of the installed GSHP (Btu/hr.) 

EERHa„ 	= 	Energy Efficiency Ratio of the baseline cooling equipment (Table 2-84) 

EERGSHF, 	= 	Energy Efficiency Ratio of the installed GSHP 

COPBase 	= 	Coefficient of Performance of the baseline heating equipment (Table 2-84) 

COPGSHP 	.-= 	Coefficient of Performance of the installed GSHP 

CFc 	= 	Coincidence Factor = 0.87 (default)149  

CFH 	= 	Coincidence Factor = 0.83 (default)15°  

148  ENERGY STAR® Central AC/HP Savings Calculator. http://www.eneraystar.qov/certified-
products/detail/heat  pumps air source. 

149  Air Conditioning Contractors of America (ACCA) Manual S allows residential air conditioners to be 
sized at 115% of the maximum cooling requirement of the house. Assuming that the house's maximum 
cooling occurs during the hours of 4 to 5 PM, the guideline leads to a summer coincidence factor for 
residential HVAC measures of 1.0/1.15 = 0.87. 

189  Air Conditioning Contractors of America (ACCA) Manual S allows residential heat pumps to be sized at 
115% of the maximum cooling requirement of the house (for cooling dominated climates). Based on 
AHRI data for 1.5 to 5 ton heat pump systems, the average ratio of rated heating capacity to cooling 
capacity is 0.96. Assuming that the house's maximum cooling occurs during the hours of 4 to 5 PM, 
the guideline leads to a winter coincidence factor for residential HVAC measures of 0.96/1.15 = 0.83 
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kWdesuperhectier = Sutimer demand savings (kW) associated with installation of a 
desuperheater (see Table 2-88). These savings should only be added if 

desuperheater is installed. 

Deemed Energy Savings Tables 
- 	Table 2-87: Energy Savings for Desuperheaters 

Climate Zone 	 kWh/ton 

Climate Zone 1: Panhandle 612 

Climate Zone 2: North 791 

dlimate Zone 3: South 802' 

Climate Zone 4: Valley _ 	847 

Climate Zone 5: West 791 

Deemed Summer Demand Savings Tables 
Table 2-88: Summer Peak Demand Savings for Desuperheaters 

Climate Zone 
	

kW/ton 

Climate Zone 1: Panhandle 0.440 

Climate Zone 2: North 0.405 

Climate Zone 3: South 0.405 

Climate Zone 4: Valley 0.410 

CliMate Zone 5: West 0.405 

Deemed Winter Demand Savings Tables 
- 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
winter peak demand savings and methodology. 

Claimed Peak Demand Savings 

Refer to Volume 1, Appendix B: Peak Demand Reduction Documentation for further details on 
peak demand savings and methodology. 

Additional Calculators and Tools 

This section is not applicable. 

Measure Life and Lifetime Savings 

The estimated useful Hie (EUL) of a high-efficiency ground source heat pump unit is 20 years. 
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This value is consistent with the EUL reported in the Department of Energy GSHP guide.151  

Proqram Tracking Data & Evaluation Requirements  

It is required that the following list of primary inputs and contextual data be specified and 
tracked by the program database to inform the evaluation and apply the savings properly: 

. Decision/action type (new construction, replace-on-burnout) 

• Replaced unit type (heat pump, electric resistance) 

. Cooling and heating capacity (Btu/hr.) 

• Energy Efficiency Ratio (EER) of the unit installed 

• Coefficient of Performance (COP) of the unit installed 

• Climate zone of the site 

• Whether a desuperheater was also installed or present 

References and Efficiency Standards  

Petitions and Rulings 

This section is not applicable. 

Relevant Standards and Reference Sources 
• ISO/AHRI 13256-1 

• Shonder, J. A., Hughes, P., and Thornton, J. Development of Deemed Energy and 
Demand Savings for Residential Ground Source Heat Pump Retrofits in the State of 
Texas. Transactions-American Society of Heating, Refrigerating, and Air Conditioning 
Engineers. 108, no. 1: 953-961, 2001. 
http://web.ornl.qov/-webworks/cppr/v2001/pres/112677.pdf  

• The applicable version of ENERGY STARO's specifications and requirements 
addressing residential ground source heat pumps. 

151  Department of Energy. "Guide to Geothermal Heat Pumps. February 2011. 
httb://www.energy.gov/sites/prod/files/guide  to geothermal heat pumbs.gdf. 
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'Docunient Revision History  
Table 2-89: Ground Šource Heat Oump Revision History 

TRM Date 
Version 

Description of Change 

v1.0 11/25/2013 TRM v1.0 origin 

v2.0 4/18/2014 
TRIVI v2.0 update. Updated by Frontier Associates, March 2014, based 
on new federal standards and alternative methodology. 

v2.1 1/30/2015 TRM v2.1 update. No revision. 

v3.0 4/10/2015 TRM v3.0 update. No revision. 

v3.1 11/05/2015 TRM v3.1 update. No revision. 

v4.0 10/10/2016 TRM v4.0 update. No revision. 
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2.2.5 Central Heat Pump Measure Overview 

TRM Measure ID: R-HV-HP 

Market Sector: Residential 

Measure Category: HVAC 

Applicable Building Types: Single-family, duplex and triplex; Multifamily; 
Manufactured 

Fuels Affected: Electricity 

Decision/Action Type(s): Replace-on-Burnout, New Construction, Early Retirement 

Program Delivery Type(s): Prescriptive, Direct Install (Early Retirement) 

Deemed Savings Type: Deemed Savings Values (Lookup Tables) 

Savings Methodology: Engineering Estimates 

Measure Description 

Residential replacement of existing heating and cooling equipment with a new central air-source 
heat pump in an existing building, or the installation of a new central heat pump in a new 
residential construction. A new central heat pump includes an entire packaged unit, or a split 
system consisting of an indoor unit with a matching remote condensing unit. 

All measure installation standards and baseline data from the central air conditioner measure 
shall apply to the heat pump measure. 

Eligibility Criteria 

Newly installed units must have a cooling capacity of less than 65,000 Btu/hour (5.4 tons) to be 
eligible for these deemed savings. Gas furnaces are not eligible to be awarded savings for 
replacement through this measure. 

Equipment shall be properly sized to dwelling based on ASHRAE or ACCA Manual J standards. 
Manufacturer data sheets on installed heat pump equipment or AHRI reference numbers must 
be provided. 

Utilities should refer to the January 2015 memo, "Considerations for early replacement of 
residential equipment,"152  when designing programs that permit savings to be claimed for early 

152  Ward, B., Bodington, N., Farah, H., Reeves, S., and Lee, L. "Considerations for early replacement of 
residential equipment." Prepared by the Evaluation, Measurement, and Verification (EM&V) team for 
the Electric Utility Marketing Managers of Texas (EUMMOT). January 2015. This document has been 
made available to Texas investor-owned utilities through the EM&V team's SharePoint. 

2-94 
Residential: HVAC 	 Texas Technical Reference Manual, Vol 2 
Central Heat Pump 	 November 1, 2016 



retirement. In order to receive early retirement savings, the unit to be replaced must be 
functioning at the time of removal with a maximum age of 20 years. 

Baseline Condition 

New Co:instruction, Replace-on-Burnout, or Early Retirement' of ad Air-
Source Heat Pumb 

New construction baseline efficiency values for heat pumps are compliant with the current 
federal minimuen standard,153  effective January 1, 2015„The baseline is assumed to be a new 
heat puny system with an AHRI-listed SEER rating of 14.0. 

For replace-on-burnout (ROB) projects, the cooling baseline is reduced to 13.08 SEER. This 
value incorporates an'adjustment to the baseline SEER value to reflect the percentage of 
current replacements that do not include the installation of an AHRI-matched system.154  

For early retirement (ER) projects, the cooling baseline is reduced to 10 SEER for systems 
installed before January 23, 2006. Systems installed on or after January 23, 2006 should not 
use the ER baseline, as the ER baseline increases to 12.44155  SEER at that time. 

For ROB projects, heating baseline efficiency values for heat pumps are compliant with.the 
current federal minimum standard, effective January 1, 2015. These standards specify an HSPF 
of 8.2 for split systems, or 8.0 for packaged systems. This baseline reflects updates to federal 
standards that take effect January 1, 2015, as defined in the Department of Energy (DOE) 
energy efficiency standards (10 CFR Part 430).158  For ER projects, the heating baseline 
efficiency iš assumed to be an HSPF of 7.7 based on the federal minimum standard in effect 
from January 23, 2006 through December 31, 2014.157  

Replace-on-Burnout or Early Retirement of an Electrid Resistance Kirnace  

by the nature of the technology, all electric resistance furnaces have ttle same efficiency with 
HSPF = 3.41.158  Projects in which an electric resistance furnace is replaced, either in replace-
on-burnout or early retirement scenarios, use this baseline for* heating-side savings. 

153„ DOE minimum efficiency standard for residential air conditioners/heat pumps. 
http://wwwteere.enerav.aov/buildinqs/appliance  standards/product.aspx/praductid/75. 

154 Frontier Associates on behalf of the Electric Utility Marketing Managers of Texa (EUMMOT). 
"Petition to revise Existing Commission-Approved Deemed Savings Values for Central Air 
Conditioning and Heat Pump Systems: Docket No. 36780.".Public Utility Commission of Texas. 
Approved August 27, 2009. 
http://interchanqe.puc.state.tx.us/WebApp/lnterchanqe/application/dbappsifilinqs/paSearch.asp. 
Adapted for new 14 SEER baseline. 

155 Refer to Texas TRM 2.1 for savings using 12.44 SEEk baseline. 
156  10 CFR Part 430.32(c)2.'Energy Conservation Program: Energy ,Conservation Standards for. 

Residential Water Heaters, Direct Heating Equipment, and Pool Heaters; Final Rule. Online. 
Available: http://www.qpo.qov/fdsvs/pka/CFW2012-title10-vol3/pdf/CFR-2012-title10-vol3-sec430-
32.pdf. Accessed February 2014. 

157  ibid. 
. 158  COP"; HSPF x 1,055 J/BTU / 3,600 J/W-hr. For Electric Resis6nce, he6ting efficiency is 1 COP. 

Therefore, HSPF = 1 x 3,600 / 1,055 = 3.41. 
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For ROB projects, cooling savings are the same as for new construction and ROB of an air-
source heat pump. For early retirement (ER) projects, the cooling baseline is reduced to 10 
SEER for systems installed before January 23, 2006. Systems installed on or after January 23, 
2006 should not use the ER baseline, as the ER baseline increases to 13 SEER at that time. 
There is no significant difference between the 13 SEER ER and 13.08 ROB baseline 
efficiencies. Early retirement projects do not commonly replace HVAC units without an electric 
resistance furnace. 

Table 2-90: Central Heat Pump Baseline Efficiencies 

Project Type 	 Cooling Mode Heating Mode 

New Construction 

Replace-on-Burnout, Heat Pump 

Replace-on-Burnout, Electric Resistance Furnace 

Early Retirement, Heat Pump (as of 1/23/2006) 

Early Retirement, Electric Resistance Furnace (as 
of 1/23/2006) 

Early Retirement, Heat Pump (before 1/23/2006) 

Early Retirement, Electric Resistance Furnace 
(before 1/23/2006) 

14 SEER 

13.08 SEER 

12.44 SEER 

10 SEER 

8.2 HSPF 

8.2 HSPF 

3.41 HSPF 

8.2 HSPF 

3.41 HSPF 

7.7 HSPF 

3.41 HSPF 

High-Efficiency Condition 

Table 2-91 displays the Consortium for Energy Efficiency (CEE) requirements for eligible Tier 1 
heat pumps as of January 1, 2009. Energy efficiency service providers are expected to at least 
comply with the latest CEE Tier 1 requirements. 

Table 2-91: Central Heat Pump CEE Tier 1 Requirements 

11=110111311111111211 
14.5 	12.0 	 8.5 

Energy and Demand Savings Methodology 

Savings Algorithms and Input Variables 

Replace-on-Burnout or New Construction 

Energy, summer demand, and winter demand savings were estimated using heat pump 
performance curves developed by the National Renewable Energy Laboratory159  for typical units 
in each of the following SEER ranges: 

• Baseline units 

159 D. Cutler et al. Improved Modeling of Residential Air Conditioners and Heat Pumps for Energy 
Calculations. National Renewable Energy Laboratory. NREL/TP-5500-56354. January 2013. Tables 12 
and 13. http://www.nreloov/docstry13osti/56354.pdf  
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• 14.5 — 14.9 

• 15.0 — 15.9 

• 16.0 — 16.9 

• 17.0 — 17.9 

• 18.6 — 20.9 

• 21.0 and above 

14.5 — 16.9 SEER units were assumed to be single stage. 17.0 and above SEER units Were 
assumed to be multi-stage cooling units. 	• 

- These performance curves provide the capacity and efficiency of the heat pump operating in 
cooling mode across a wide range of outside air temperatures. Unit loading was estimated as a 
function of outside air temperature, and hours of cooling mode operation under different 
loadings were estimated using bin weather data for each weather zone. In heating mode, 

, predicted HVAC operation was limited to meeting 77 perdent of load, using a factor applied:in 
' Manual J to'correlate design load hours to equivalent full load hours under actual operating 

conditions, taking into äccot.int that heating systems are not 6Iways operated even when 
outdoor conditions indicate they should. 

Summer and winter demand savings are eitimated according to expected unit performance.  
under design conditions. For all weather zones, it is assumed that typical HVAC systems are 
sized to 115 percent of their design cooling !bad (oversized by 15 percent). Heáting mode 
capacity was related to rated cooling capacity using the rated capacity in cobling and heating , 
mode of the residential market heat pump products of four major rnanufacturers according to 
data exported from AHRI. Data were exported from the AHRI directory and ihe average ratio for 
each equipment size (1 ton, 1.5 ton, 2 ton, etc.) of heating capacity to cooling capacity was 
rnultiplied by the rated (cooling side) capacity to estimate the heat pimp capacity. Heat pump 
system output was then compared to its loading under design conditions. 

The model uses' the following set of normalized performance curves to scale the rated 
performance values as a function of outdoor dry-bulb temperature ranging frorn 65 to 115 
degrees Fahrenheit. The total capacity and Energy Input Ratio (EIR = 1/COP) curves are a 
function of entering wet-bulb temperature (EWB) and outdoor dry-bulb temperatura (ODB) and 
are both quadratic curve fits of the form: 

y=a+bxTEWB  --E-cxnwEt tclxTODB +exTLDB +fxTEWB xTODB  

EqUation 57 
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Table 2-92: Heat Pump Capacity Curve Coefficients 

Cooling 	
_ . 
	 Heating 

Coeff. 	Single 
	Multi-Stage/Speed 

	
Single 
	Multi-Stage/Speed 

Stage 	Low 	High 
	

Stage 	Low 	High 

a 	3.68637657 

-0.098352478 

• 0.000956357 

• 0.005838141 

-0.0000127 

-0.000131702  

3.998418659 

-0.108728222 

0.001056818 

0.007512314 

-0.0000139 

-0.000164716  

3.466810106 

-0.091476056 

0.000901205 

0.004163355 

-0.00000919 

-0.000110829  

0.566333415 

-0.000744164 

-0.0000103 

0.009414634 

0.0000506 

-0.00000675  

0.335690634 

0.002405123 

-0.0000464 

0.013498735 

0.0000499 

-0.00000725  

0.306358843 

0.005376987 

-0.0000579 

0.011645092 

0.0000591 

-0.0000203 

Table 2-93: Heat Pump EIR Curve Coefficients 

Cooling 
	

Heating 

Coeff. 	Single 
	Multi-Stage/Speed 

	
Single 
	Multi-Stage/Speed 

Stage 	Low 	High 
	

Stage 	Low 
	

High 

a 	-3.437356399 

• 0.136656399 

• -0.001049231 

-0.0079378 

• 0.000185435 

-0.0001441  

-4.282911381 

0.181023691 

-0.001357391 

-0.026310378 

0.000333282 

-0.000197405  

-3.557757517 

0.112737397 

-0.000731381 

0.01384877 

0.000132645 

-0.000338716  

0.718398423 

0.003498178 

0.000142202 

-0.005724331 

0.00014085 

-0.000215321 

0.36338171 

0.013523725 

0.000258872 

-0.009450269 

0.000439519 

-0.000653723  

0.981100941 

-0.005158493 

0.000243416 

-0.005274352 

0.000230742 

-0.000336954 

To estimate the baseline SEER value for retrofit installations, Texas A&M's Energy Systems 
Laboratory (ESL) surveyed dealers across the State to determine installation practices. The 
research found that in the event of a compressor failure out of warranty, dealers replaced the 
compressor 11.7% of the time, and replaced the condensing unit 88.3% of the time. Further, the 
condensing unit replacements consist of condensing unit-only replacements, replacements with 
mismatched evaporator coils, and replacements with matching evaporator coils. The 
percentages for these installations are as follows: 
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Replace Condensing-
Unit (88.3%) 

Replace Compressor 
Only (11.7%) 

• 

Cond. Unit Only 
21.6% 

Cond. Unit / ARI coil 
- same manuf 55.7% 

Cond. Unit Si fith ARI-
Matched Coil 8.5%, 

Cond. Unit With Non,  
ARI-Matched Coil 

2.5% 

Compressor Failure 

Source: Docket No. 36780 

Figure 2-3: Unit Replacement Percentages upon Compressor Failure 

To calculate a weighted average SEER for these installations, ESL assumed that a comPressor- 
Only replacement resulted in no increase in SEER, and that the SEER of a condensing unit 
installed without a matching coil would be 85% of the SEER value for á matched system. The 
ESL estimate of the baseline SEER for replacement AC units is given by the following equation: 

SEERBase EER S ----Compressor Replacement) x (Actual% Compressor Replacement) 

+ (SE E R Condenser Replacement) x (Actual% Condenser Replacement) 
+ (SEERS),stemReplacement) X (Actual% System Replacement) 

Equation 58 

Substituting ESL SEER estirnates and survey data provides the following baseline SEER 
estimate: 

SEERBase  = (9. 5)‘ x (11.7%) + (11.05) x (24.1%) +-(13.5) x (64.2%) = 12.44 

Adjusting for the increased 14 SEER baseline: 

SEERBase  = (10.5) x (11.7%) + (11.9) x (24.1%) + (14) x (64.2%) = 13.08 

In new,construction, there is no pòssibility of a petal s'ystem (e.g. 'condensing unit-only) change 
out, so the 13.08 baseline would not be appropriate. Therefore, the baseline for new 
construction installations is set at th6federal.government'S' minimum 'efficiency standard of 14 
SEER. 
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Early Retirement 

Annual energy (kWh) and summer peak demand (kW) savings must be calculated separately for 
two time periods: 

1. The estimated remaining life of the equipment that is being removed, 
designated the remaining useful life (RUL), and 

2. The remaining time in the EUL period (15 — RUL) 

Annual energy and summer peak demand savings are calculated by weighting the early 
retirement and replace-on-burnout savings by the RUL of the unit and the remainder of the EUL 
period, as outlined in Volume 3, Appendix D of this document. 

Where: 

RUL 	= 	Remaining Useful Life (see Table 2-88); if unknown, assume the age of the 
replaced unit is equal to the EUL resulting in a default RUL of 6.0 years 

EUL 	= 	Estimated Useful Life = 15 years 

Table 2-94: Remaining Useful Life of Replaced Unit 

Age of 

Replaced Unit 

(years) 

Remaining 

Useful Life 

(years) 

Age of 

Replaced Unit 

(years) 

Remaining 

Useful Life 

(years) 

1 13.7 12 7.9 

2 1 2.7 13 7.6 

3 12.0 14 7.0 

4 11.3 15 6.0 

5 10.7 16 5.0 

6 10.2 17 4.0 

7 9.7 18 3.0 

8 9.3 19 2.0 

9 8.9 20 1.0 

10 8.5 2 1 160,161 0.0 

11 8.2 

160 RULs are capped at the 75th percentile of equipment age, 21 years, as determined based on DOE 
survival curves (Figure 2-4). Systems older than 21 years should use the ROB baseline. See the 
January 2015 memo, "Considerations for early replacement of residential equipment," for further 
detail. 

161 Ward, B., Bodington, N., Farah, H., Reeves, S., and Lee, L. "Considerations for early replacement of 
residential equipment." Prepared by the Evaluation, Measurement, and Verification (EM&V) team for 
the Electric Utility Marketing Managers of Texas (EUMMOT). January 2015. This document has been 
made available to Texas investor-owned utilities through the EM&V team's SharePoint. 
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Derivation of RULs 

Central heat pumps have an estimated useful-life of 15 years. This estimate is consistent with 
the age at which approximately 50 pertent of the central heat pumpi installed in a given year 
will no longer be in service, as described by the survival function in Figure 2-4. 

Figure 2-4: Surviyal.FUnction for Central Heat Pumps162  

The method for estimating the remaining useful life (RUL) of a replaced system uses the age of 
the existing system to re-estimate the projected unit lifetime based on the survival functiOn 
shown in Figure 2-4. The ege of the central heat pump being' replaced is found on the horizontal 
axis, and the corresponding percentage of surviving heat pumps is determined from the chart. 
the surviving percentage value is then divided in half, creating a new estimated useful lifetime 
applicable to the current unit age. The age (year) that corresPonds to this new percentage is 
read from the chart. RUL is estimated as the difference between that age and the current age of 
the system being replaced. 

162  Department of Energy, Federal Register, 76 FR 37408, Technical SuppOrt DoCument: 8.2.3:5 Lifetime. 
June 2011. http://wwwl.eere.enerdy.qov/buildinds/appliance  standards/product..aspx/productid/75. 
Download TSD at: http://www.redulations.gov/MdocumentDetail:D=EERE-2011-BT-STD-0011-0012.  
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Deemed Energy Savings Tables 

Cooling, New Construction  

Table 2-95 through Table 2-99 present the energy savings (kWh) for cooling load types 
associated with a central heat pump being installed during new construction for all five Texas 
climate zones. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  
Table 2-95: Energy Savings (Cooling kWh) for 14.0 SEER New Construction Baseline - Zone 1 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 78 150 279 427 509 697 

2.0 104 201 373 570 679 930 

2.5 130 251 466 712 849 1,162 

3.0 156 301 559 855 1,019 1,394 

3.5 183 351 652 997 1,188 1,627 

4.0 209 401 745 1,140 1,358 1,859 

5.0 261 502 931 1,425 1,698 2,324 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  
Table 2-96: Energy Savings (Cooling kWh) for 14.0 SEER New Construction Baseline - Zone 2 

Size (tons) - 	- 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 118 228 423 673 795 1,085 

2.0 158 304 564 897 1,060 1,447 

2.5 197 380 705 1,122 1,325 1,808 

3.0 237 456 846 1,346 1,590 2,170 

3.5 276 532 987 1,571 1,855 2,531 

4.0 316 608 1,128 1,795 2,120 2,893 

5.0 395 759 1,410 2,244 2,650 3,616 
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Climate Zone 3: South Region, Houston Weather Data 
Table 2-97: Energy .Savings (Cooling kWh) for 14.0 SEER New Construction Baseline - Zone 3 

Size (tons) 
SEER Range 

21.0+ 

1,204 

14.5-14.9 15.0-15.9 	16.0-16.9 	17.0-17.9 	18.0-20.9 

' 	1.5 126 242 449 771 896;  

2.0 168 322 598 1,027 1,195 1,605 

2.5 209" 403 '748 1,284 1,494 2,007 

3.0 , 251 483 898 i,541 	1 '1,792 2,408 

3.5 293 564 1,047 1,798 2,091 , 	2,809 

4.0 335 644 1,197 2,055 2,390 3,211 

5.0 • 419 	' 805 1,496 2,568 2,987 4,014 

Climate Zone 4: Valley Region Corpus Christi Weather Data  
Table 2-98: Energy Sa‘;ings (Cooling kWh) for 14.0 SEER New Construction Baseline - Zone 4 

Size (tons) 

1.5 

SEER Range 

21.0+ 

1,401 

14.5-14.9 	15.0-15.9 16.0-16.9 	17.0-17.9 	18.0-20.9 

146 	. 281 522 897 1,d43 

2.0 195 374 • 695 1,196 1,390 .1,868 

2.5 243 468 869 1,495 1,738 2,336 

3.0 , 292 562 ' ' 	' 1,04 1,794 2,085 2,803 

- 	3.5 341 655 , 1,217 2,093 2,433 3,270 

4.0 389 749 1,391 2,392 2,780 ,3,737 

5.0 487 936 1,738 2,989 3,475 4,671 

Climate Zone 5: West Region El Paso Weather Data  
; Table 2-99: Energy Savings (Cooling kWh) for 14.0 SEER New Construction Baseline 7  Zone 5 

Size (tons) 

1.5 

SEER Range 

14.5-14.9 

102 

15.0-15.9 	16.0-16.9 	17.0-17.9 	18.0-20.9 	21.0+ 

1§6 364 596 700 951 

2.0 136 261 485 795 933 1,268' 

2.5 170 327 607 994 1,166 1,585 

3.0 204 392 728 1,193 1,400 1,901 

3.5 238 457 849 1,391 1,633 2,218 	' 

4.0 	. 272 523 971 1,590 1,866 2,535 

5.0 340 653 1,213 1,988 2,333 3,169 
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Cooling, Replace-on-Burnout 

Table 2-100 through Table 2-104 present the energy savings (kWh) for cooling load types 
associated with a central heat pump replacing on burnout an HVAC system for all five Texas 
climate zones. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  
Table 2-100: Energy Savings (Cooling kWh) for 13.08 SEER Replace-on-Burnout Baseline - Zone 1 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 216 288 417 565 647 835 

2.0 288 384 556 753 862 1,113 

2.5 360 480 695 942 1,078 1,391 

3.0 432 576 834 1,130 1,294 1,670 

3.5 504 672 973 1,318 1,509 1,948 

4.0 575 768 1,112 1,507 1,725 2,226 

5.0 719 960 1,390 1,883 2,156 2,783 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  
Table 2-101: Energy Savings (Cooling kWh) for 13.08 SEER Replace-on-Burnout Baseline - Zone 2 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 327 436 631 881 1,003 1,293 

2.0 436 582 842 1,175 1,338 1,724 

2.5 545 727 1,052 1,469 1,672 2,155 

3.0 654 872 1,263 1,763 2,007 2,586 

3.5 762 1,018 1,473 2,057 2,341 3,018 

4.0 871 1,163 1,684 2,350 2,675 3,449 

5.0 1,089 1,454 2,105 2,938 3,344 4,311 
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Climate Zone 3: South Region, Houston Weather Data  
Table 2-102: Energy Savings (Cooling kWh) for 13.08 SEER Replace-on-Burnbut Baseline - Zone 3 

Size (tons) 

1.5 

SEER Range 

21.0+ 

1,425 	. 

14.5-14.9 	15.0-15.9 	16.0-16.9 	17.0-17.9 	18.0-20.9 

347 463 670 991 1,117 

2.0 , 462 617 893 1,322 1,489 1,900 

2.5 578 771 1,116 1,652 ' 1,862.  2,375 , 

3.0 693 925 1,339 41,983 2,234 2,850 

3.5 - 809 1,079, 1,563 2,313 2,606 3,325 

4.0, 924 1,234 1,786 2,644 2,979 3,800 

5.0 1,155 1,542 2,232 3,305 3,724 4,750 

Climate Zone 4: Valley Region*Corpus Christi Weather Data  
Table 2-103: Energy Savings (Cooling ,kWh) for 13.08 SEER Replace-on-Burnout 'Baseline - Zone 4 

Size (tons) 

1.5 

14.5-14.9 

403 

SEER Range 

21.0+ 

1,658 

15.0-15.9 	16.0-16.9 	17.0-17.9 	18.0-20.9 

538 	• 778 1,154 1,299 

2.0 537 	--, 717 1,038 ' 1,538 1,733 2,211 

2.5 671 . 	, 896 1,297 1,923 2,166 2,764 

3.0 	s_ 806 1,075 1,557 -  , 	2,307 2,599 3,316 

3.5 940 1,254 1,816 2,692 3,032 3,869 

4.0 1,074 1,434 2,076 3,076 3,465 4,422 

5.0 1,343' 1,792 . 2,594 3,845 4,331 5,527 

Climate Zone 5: WeSt Region El Paso Weather Data  
Table 2-104: Energy Savings (Cooling kWh) for 13.08 SEER Replace-on-Burnout Baseline 7  Zone 5 

SEER Range 

1.5 

14.5-14.9 

281 

15.0-15.9 

375 

16.0-16.9 	17.0-17.9 18.0-20.9 

879 

21.0+ 

1,130 543 775 

2.0 375 500 724 1,034 1,172 1,507 

2.5 469 625 905 1,292 1,465 1,883 

- 	3.0 562 750 1,086 1,551 1,758 2,260 

23.5 656 875 1,267 1,809 2,051 2,636 

4.0 750 1,000 1,448 2,068 2,344 3,013 

5.0 937 1,251 1,811 2,585 2,930 3,766 
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Cooling, Early Retirement 

Table 105 through Table 109 present the cooling energy savings (kWh) associated with the 
installation of a central heat pump following the early retirement of an HVAC system for all five 
Texas climate zones. These savings can be used with the replace-on-burnout energy savings in 
Table 100 through Table 104 to calculate annual cooling savings. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  

Table 2-105: Energy Savings (Cooling kWh) for 10.0 SEER Early Retirement Baseline - Zone 1 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 861 933 1,062 1,210 1,292 1,480 

2.0 1,147 1,244 1,416 1,613 1,722 1,973 

2.5 1,434 1,555 1,770 2,016 2,153 2,466 

3.0 1,721 1,866 2,124 2,420 2,583 2,959 

3.5 2,008 2,177 2,477 2,823 3,014 3,452 

4.0 2,295 2,487 2,831 3,226 3,444 3,946 

5.0 2,869 3,109 3,539 4,033 4,305 4,932 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  

Table 2-106: Energy Savings (Cooling kWh) for 10.0 SEER Early Retirement Baseline - Zone 2 

Size (tons) 
14.5-14.9 15.0-15.9 

SEER Range 

16.0-16.9 	17.0-17.9 18.0-20.9 21.0+ 

1.5 1,303 1,413 1,608 1,858 1,980 2,270 

2.0 1,738 1,883 2,144 2,477 2,639 3,026 

2.5 2,172 2,354 2,680 3,096 3,299 3,783 

3.0 2,606 2,825 3,216 3,716 3,959 4,539 

3.5 3,041 3,296 3,752 4,335 4,619 5,296 

4.0 3,475 3,767 4,287 4,954 5,279 6,052 

5.0 4,344 4,708 5,359 6,193 6,599 7,565 
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Climate Zone 3: South Region, Houston Weather Data 	
1 

'Table 2-107: Energy Savings (Cooling kWh)for 10.0 SEER Early Retirement Baseline - Zone 3 • 

Size (tons) 

1.5 

SEER Range 

14.5-14.9 	15.0-15.9 	16.0-16.9 17.0-17.9 	18.0-20.9 	21.0+ 

1,382 1,498 1,705 2,027 2,153 2,461 

2.0 1,843 1,998 2,274 2,703 2,870 ,3,281 

2.5 2,304 2,497 2,842 3,378 3,588 4,101 

3.0 	. 2,764 2,996 3,411 4,054 4,305 4,921 

3.5 3,225 3,496 3,979 , 4,730 5,023 5,741 

4.0 3,686 3,995 4,547 5,406 5,740 6,562 

5.0 4,607 4,994 5,684 6,757 	. 7,176 8,202 

Climate2one Valley Region Corpus-  Christi Weather Data  
Table 2-108: Energy Savings (Cooling kWh) for 10.0 SEER Early Retirement Baseline - Zone 4 

Size (tons) 

1.5 

SEER Range 

14.5-14.9 	15.0-15.9 	16.0-16.9 17.0-17.9 	18.0-20.9 21.0+ 

1,606 1;741 1,982 , 2,357 2,503 2,862 

2.0 2,142 
, 
2,322 2,643 3,143 3,337 3,816' 

2.5 2,677 2,902 3,303 3,929 4,172 4,770 

3.0 , * t 3,213 3,482 3,964 4,714 5,006 5,723 , 

3.5 ' 3,748 4,063 4,624 5,500 5,840 6,677 

. 4.0 4,284 4,643 5,285 6,286 6,675 7,631 

5.0 5,355 5,804 6,606 7,857 8,343 9,539 

Climate Zone 5: West Region El Paso Weather Data  
Table 2-109: Energy Savings (Cooling kWh) for 10.0 SEE-12 Early Retirement Baseline - Zone 5 , 

Size (tons) 

1.5 

SEER Range 

14.5-14.9 	15.0-15.9 	16.0-16.9 17.0-17.9 18.0-20.9 	21.0+ 

1,121 1,215 1,383 1,615 1,719 1,970 

2.0 1,495 1,620 1,844 2,154 2,292 2,626 

2.5 1,868 2,025 2,305 2,692,  2,865 3,283 

3.0 2,242 2 430 , 2,766 3,231 3,438 3,940 

3.5 2,616 	'-' 2,835 3,227 3,769 4,011 	- 4,596 

4.0 2,989 3,240 3,688 4,308 4,584 5,253 

5.0 3,737 4,050 4,610 5,385 5,730 6,566 
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Heating, New Construction or Replace-on-Burnout of a Heat Pump 

Table 2-110 through Table 2-114 present the energy savings (kWh) for heating load types 
associated with a central heat pump being installed during new construction or replacing a 
burned-out central heat pump for all five Texas climate zones. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  
Table 2-110: Energy Savings (Heating kWh) for 8.2 HSPF Baseline - Zone 1 

Size (tons) 
8.5 	8.6 - 8.9 

HSPF Range 

9.0 - 9.2 	9.3 - 9.4 9.5 - 9.6 > 9.7 

1.5 119 193 329 451 508 562 

2.0 159 257 438 601 677 749 

2.5 198 321 548 752 846 936 

3.0 238 385 657 902 1,015 1,123 

3.5 278 450 767 1,052 1,185 1,311 

4.0 317 514 876 1,203 1,354 1,498 

5.0 397 642 1,096 1,503 1,692 1,872 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  
Table 2-111: Energy Savings (Heating kWh) for 8.2 HSPF Baseline - Zone 2 

Size (tons) 
8.5 	8.6 - 8.9 	9.0 

HSPF Range 

- 9.2 	9.3 - 9.4 	9.5 - 9.6 > 9.7 

1.5 68 111 188 259 291 322 

2.0 91 147 251 345 388 429 

2.5 114 184 314 431 485 537 

3.0 136 221 377 517 582 644 

3.5 159 258 440 603 679 752 

4.0 182 295 503 690 776 859 

5.0 227 368 628 862 970 1,074 
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HSPF Range 

8.6 - 8.9 9.0 - 9.2 9.3 - 9.4 9.5 - 9.6 8.5 

Climate Zone 3: South Region, Houston Weather Data  

Table 2-112: Energy Savings (Heating kWh) for 8.2 HSPF Baseline - Zone 3 

Size (tons) 
HSPF Range 

8.5 	8.6 - 8.9 9.0 - 9.2 

101 

9.3 - 9.4 

138 

9.5 - 9.6 

155 

> 9.7 

172 1.5 36 59 

2.0 49 79 134 184 207 229 

2.5 61 98 168 230 259 286 

3.0 73 118 /201 276 311 344 

3.5 85 , 138 . 	235 322 362 401 

40 97 157 268 368 414 458 

5.0 121 197 335 460 518 573 

Climate Zone 4: Valley Region Corpus Christi Weather Data  . 

Table 2-113:-  Energy Savings (Heating kWh) for 8.2 HSPF Baseline - Zone 4 

Size (tons) 

1.5 , 

HSPF Range 

8.5 	8.6 - 8.9 	9.0 - 9.2 	9.3 - 9.4 	9.5 - 9.6 > 9.7 

28 45 77 , 106 120 132 

2.0 37 61 103 142 160 177 

2.5 47 76 129 	• 177 ,199 221 

3.0 56 ,91 155 213 239 265 

- 	3.5 65 106 181 248 279 309 

4.0 	. 75 121 ' 207 284 319 I  353 

5.0 93 151 258 354 399 441 	. 

Climate Zone 5: West Region El Paso Weather Data  

Table 2-114: Energy Savings (Heating kWh) for 8.2 HSPF Baseline - Zone 5 

1.5 69 111 190 261 294 325. 

2.0 92 149 , 	253 , 348 391 433 

2.5 115 186 317 435 489 541 

3.0 138 223 380 522 - 587 650 

3.5 161 260 444 609 685 758 

4.0 183 297 507 696 • 783 866 

5.0 229 372 634 869 979 1,083 
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Heating, Replace-on-Burnout - Replacement of an Electric Resistance 
Furnace  

Table 2-115through Table 2-119 present the energy savings (kWh) per heating load type 
associated with a central heat pump replacing on burnout an electric resistance furnace for all 
five Texas climate zones. 

Climate Zone 1: Panhandle Region, Amarillo Weather Data  

Table 2-115: Energy Savings (Heating kWh Only) for 3.41 HSPF Baseline - Zone 1 

Size (tons) 
8.5 8.6 - 8.9 

HSPF Range 

9.0 - 9.2 	9.3 - 9.4 9.5 - 9.6 > 9.7 

1.5 5,847 5,921 6,057 6,179 6,236 6,290 

2.0 7,796 7,894 8,075 8,238 8,314 8,386 

2.5 9,745 9,868 10,094 10,298 10,393 10,483 

3.0 11,694 11,841 12,113 12,358 12,471 12,579 

3.5 13,643 13,815 14,132 14,417 14,550 14,676 

4.0 15,591 15,788 16,151 16,477 16,628 16,772 

5.0 19,489 19,735 20,188 20,596 20,785 20,965 

Climate Zone 2: North Region, Dallas / Ft. Worth Weather Data  

Table 2-116: Energy Savings (Heating kWh Only) for 3.41HSPF Baseline - Zone 2 

Size (tons) 
8.5 8.6 - 8.9 

HSPF Range 

9.0 - 9.2 	9.3 - 9.4 9.5 - 9.6 > 9.7 

1.5 3,411 3,453 3,531 3,601 3,634 3,665 

2.0 4,548 4,605 4,708 4,802 4,845 4,887 

2.5 5,685 5,756 5,886 6,002 6,057 6,108 

3.0 6,822 6,907 7,063 7,203 7,268 7,330 

3.5 7,959 8,058 8,240 8,403 8,479 8,552 

4.0 9,096 9,209 9,417 9,604 9,691 9,773 

5.0 11,370 11,511 11,771 12,005 12,113 12,217 
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Climate Zone 3: South Region, Houston Weather Data 
Table 2-117: Energy Savings (Heating kWh Only) for 3.41 HSPF Baseline - Zone 3 

Size (tons) 

1.5 

HSPF Range 

8.5 	8.6 - 8.9 9.0 - 9.2 9.3 - 9.4 	9.5 - 9.6 > 9.7 

1,828 1 850 , 1,892 1,929 1,947 1,963 

2.0 2,437,  _2,467 2,522 2,572 2,595 2,617 

2.5 3,046 3 084 .. 	5 3,153 3,215 , 3,244 3,272 

3.0 .‘3,655 :, 3,700 3,783 3,858 3,893 3,926 

3.5 4,264 4,317 4,414 4,501 4,542 4,580 

4.0 4,87,4 4,934 5,045 5,144 5,191 5,235 

5.0 ' 6,092 6,167 6,306 6,431 6,488 6,543 

Climate Zone 4: Valley Region Corpus Christi Weather Data  
Table 2-118: Energy Savings (Heating kVIlh Only) for 3.41 HSPF Baieline - Zone 4 

Size (tons) 

1.5 

HSPF Range 

8.5 	8.6 - 8.9 	9.0 - 9.2 	9.3 - 9.4 	9.5 - 9.6 	> 9.7 

1,410, 1,427 1,459 1,488 „ 1,502 1,514 

2.0 1,880 1,903 1,946 1,984 2,002 2,019 

2.5 2,350 2,379 4  2,432 2,480 .2,503 :2,524 

3.0 2,820 2,855 • -2,919 ' 	2,977 3,003. 3,029 

3.5 3,290 3,331 3,405 3,473 3,504 3,533 

4.0 3,760 3,806 3,892 3,969 4,004 4,038 

5.0 4,700 4,756 4,865 , 4,961 5,005 . 	5,048 

Climate Zone 5: West Region El Paso Weather Data 
Table 2-119: Energy Savings (Heating kWh Only) for 3.41 HSPF Baseline - Zone 5 

Size (tons) 

1.5 

HSPF Range 

9.0 - 9.2 	9.3 - 9.4 	9.5 - 9.6 	> 9.7 8.6 - 8.9 

3,444 3,487 3,566 3,636 3,669 3,701 

2.0 4,593 4,650 .5. 4,754 4,849 4,892 4,934 

2.5 5,741 5,812 5,943 6,061 6,115 6,168 

3.0 6,889 6,974 7,131 7,273 7,339 -7,401' 

3.5 8,037 ,. 8,137 8,320 8,485 8,562 8,635 

4.0 - 9,185 9,299 9,509 9,697 9,785 9,868 

5.0 11,482 11,624 11,886 12,122 12,231 12,335 
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