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At-A-Glance Summary

	Applicable Measure Codes:
	H103

	Measure Description: 
	Installation of a commercial pool XE "Pool" 

 XE "Spa"  heater with higher efficiency XE "Efficiency"  than required by code.

	Energy Impact Common Units: 
	Per 1,000 Btu/h heater input rating (kBtu/h)

	Base Case Description:
	The base case XE "Base case"  is installation of a pool XE "Pool"  heater meeting code-minimum thermal efficiency XE "Efficiency"  standards only. I.e. 82% thermal efficiency XE "Efficiency"  as required by Federal Code of Regulations effective April 16, 2013.

	Base Case Energy Consumption: 
	Source:  DOE Energy Smart Pools software.

Varies by climate zone.


	Measure Energy Consumption:
	Source:  DOE Energy Smart Pools software.

Varies by climate zone.


	Energy Savings (Base Case – Measure)
	Source:  DOE Energy Smart Pools software.

Varies by climate zone.


	Costs Common Units: 
	Per kBtu/h heater input rating

	Base Case Equipment Cost ($/unit):
	Source:  PG&E XE "PG&E"  survey of 41 models. 

$8.01 per kBtu/h input rating

	Measure Equipment Cost ($/unit): 
	Source:  PG&E XE "PG&E"  survey of 41 models. 

$10.06 per kBtu/h input rating

	Measure Incremental Cost ($/unit): 
	Source:  PG&E XE "PG&E"  survey. 

$2.05 per kBtu/h input rating

	Effective Useful Life (years): 
	Source:  DEER2011 XE "PG&E" .

5 years

	Measure Application Type:
	Replace on Burnout (ROB)



	Net-to-Gross Ratios: 
	Source: DEER2011, v4.01
0.60

	Important Comments:
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ISR

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 1 Each n/a n/a 2.3 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 2 Each n/a n/a 2.2 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 3 Each n/a n/a 2.3 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 4 Each n/a n/a 2.3 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 5 Each n/a n/a 2.0 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 6 Each n/a n/a 2.0 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 7 Each n/a n/a 2.0 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 8 Each n/a n/a 2.0 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 9 Each n/a n/a 2.0 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 10 Each n/a n/a 2.1 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 11 Each n/a n/a 2.1 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 12 Each n/a n/a 2.1 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 13 Each n/a n/a 2.1 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 14 Each n/a n/a 2.3 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 15 Each n/a n/a 2.3 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

H103 v4.01

Commercial Pool 

Heaters

ROB BCR AV 16 Each n/a n/a 2.1 5  $     8.01   $   10.06  0  $     2.05  0 0 0 0 0 0 0 0 0 0 0 0.6 I 1

1st Baseline 2nd Baseline


Units = Per kBtu/h heater input rating
Note: For the complete list of Measures, refer to the attached calculation spreadsheet
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Section 1. General Measure & Baseline Data

1.1 Product Measure Description & Background
Catalog Description 
To be eligible for a rebate the recipient must be a PG&E XE "PG&E"  natural gas customer.  This rebate is available for swimming pool XE "Pool"  heating and unit must replace pre-existing pool XE "Pool"  heater. The commercial pool XE "Pool"   XE "Spa" heater must be certified to meet the following requirements:  1) heater must be equal to or greater than 84% thermal efficiency XE "Efficiency" , and 2) must have an “on/off” switch and have no pilot light.  Single Family accounts (residential homeowners) are not eligible for this product.  

Program Restrictions and Guidelines

See Catalog Description above.

1.2 Product Technical Description
[image: image2.emf]Use Category Description Use Category Use Sub Category Description Use Sub Category

Service and Domestic Hot Water SHW Water Heating SHW-Htg

Technology Groups Description Technology Groups Technology Types Descriptions Technology Types

Water Heating Equipment WaterHtg_eq Et Rated Boiler BlrThrmEff

DEER USE and TECHNOLOGY TABLE


This measure XE "Measure"  is for the replacement of gas-fired pool XE "Pool"   XE "Spa" water heaters with higher efficiency XE "Efficiency"  units. Current Title 20 Appliance Standards (1605.1g) require a minimum thermal efficiency XE "Efficiency"  of 78%, but a new federal standard of 82% will become effective April 16, 2013. Therefore the assumed base case XE "Base case"  efficiency for this measure is revised to code-minimum 82% XE "Efficiency" . This measure XE "Measure"  is for heaters with a thermal efficiency XE "Efficiency"  of program-minimum 84% or higher. 

This measure XE "Measure"  can apply to all heated pools installed in commercial facilities, such as schools, colleges, universities, YMCA/YWCA, public facilities, hotels/motels, health clubs, spas, homeowners association complexes, and other multi-family complexes. 

Note that work done in PG&E XE "PG&E" ’s Commercial Pool Pilot Program in 2006 and 2007 has shown that commercial pools divide into two segments: those smaller than 60,000 gallons and those larger than 60,000 gallons. Commercial pools smaller than 60,000 gallons typically use residential style pool XE "Pool"  equipment, featuring one or more heaters in the 300 to 400 kBtu/h size range.  XE "Spa" The applicability of this measure XE "Measure"  extends to all sizes to accommodate the energy savings XE "Savings"  opportunity associated with the significant number of smaller and larger heated commercial pools.

1.3 Measure Application Type 

The DEER Measure Cost Data Users Guide found on www.deeresources.com under DEER2011 Database Format hyperlink, DEER2011 for 13-14, spreadsheet SPTdata_format-V0.97.xls, defines the terms as follows:
Table 1 Measure Application Type

Identifies the measure application type in the Measure Implementation table in DEER2011.
	Code
	Description
	Comment

	ER
	Early retirement
	measure applied while existing equipment still viable, or retrofit of existing equipment

	ROB
	Replace on Burnout
	measure applied when existing equipment fails or maintenance requires replacement

	NC
	New Construction
	measure applied during construction design phase as an alternative to a code-compliant standard design


This measure is applicable to commercial installations only, and is offered as a Replace on Burnout (ROB) measure.  

DEER XE "DEER" 2011 lists a 5 year Effective Useful Life (EUL XE "EUL" ) for commercial pool heaters
. 
1.4 Product Base Case and Measure Case Data

1.4.1 DEER XE "DEER"  Base Case and Measure Case Information
There is no DEER XE "DEER"  measure XE "Measure"  for commercial pool XE "Pool"   XE "Spa" heaters.

1.4.2 Codes & Standards Requirements Base Case and Measure Information
The following codes currently apply to this measure XE "Measure" . The pending new federal standard will set the baseline efficiency requirement.
Title 20: This measure XE "Measure"  is regulated under Title 20 of the California Energy Regulations (December 2010). Section 1605.1.g.1 requires:

(g) Pool Heaters, Portable Electric Spas Residential Pool Pump and Motor Combinations, and Replacement Pool Pump Motors.

(1) Energy Efficiency Standard for Gas-Fired Pool Heaters and Oil-Fired Pool Heaters. The thermal efficiency XE "Efficiency"  of gas-fired pool XE "Pool"  heaters and oil-fired pool XE "Pool"  heaters shall be not less than 78 percent.
The thermal efficiency XE "Efficiency"  values are determined by the required test method outlined in the standard, Section 1604(g). This section requires that test method ANSI Z21.56-1998 be followed for gas-fired pool XE "Pool"  heaters. 

Title 24: This measure XE "Measure"  is similarly regulated under Title 24 of the California Energy Regulations (December 2008), which refers to the above Title 20 Appliance Standard, reprinted in Appendix B of the Title 24 Nonresidential Compliance Manual.

Federal Standards: The US Department of Energy has issued document 10 CFR Part 430 (Energy Conservation Program: Energy Conservation Standards for Residential Water Heaters, Direct Heating Equipment, and Pool Heaters) to amend part 430 of chapter II, subchapter D, of title 10 of the Code of Federal Regulations, to read as follows ( XE "Measure" Effective April 16, 2013):

PART 430—ENERGY CONSERVATION PROGRAM FOR CONSUMER

PRODUCTS

§430.32 Energy and water conservation standards and their effective dates.

(k) Pool heaters.

(2) Gas-fired pool heaters manufactured on or after April 16, 2013, shall have a thermal efficiency not less than 82%.
 
1.4.3 EM&V, Market Potential, and Other Studies – Base Case and Measure Case Information
There are no EM&V studies identified that address commercial pool XE "Pool"  heaters.
1.4.4 Assumptions and Calculations from other sources—Base and Measure Cases

Energy Savings Assumptions:
As noted in Section 1.4.2 above, the pending federal standard for pool XE "Pool"  heater efficiency XE "Efficiency"  is a minimum 82% thermal efficiency XE "Efficiency" . 

The savings XE "Savings"  estimates calculated for this measure XE "Measure"  assume this code-minimum efficiency XE "Efficiency"  of 82% as the base case XE "Base case"  efficiency XE "Efficiency"  for pool XE "Pool"  heaters to be replaced.

To determine the average pool XE "Pool"  heater efficiency XE "Efficiency"  in the measure XE "Measure"  case, the California Energy Commission (CEC XE "CEC" ) Appliance Database was used.
 Listings in the relevant database were narrowed to include only eligible pool XE "Pool"  heaters models for heating water using natural gas fuel with no pilot light and having an accessible on/off switch. These listings were then sorted by rated efficiency XE "Efficiency" . Finally, a simple average of efficiency XE "Efficiency"  was calculated for all models with efficiency XE "Efficiency"  of at least 84%, the program-minimum efficiency XE "Efficiency"  specified for this measure XE "Measure" , including very high efficiency XE "Efficiency"  condensing models. This average higher efficiency XE "Efficiency"  was 87.09%.
Hours of Operation:

Typical commercial pool hours of operation were assumed as 8am to 8pm, 7 day per week, 365 days per year.

Base Case Costs and Measure Case Costs:

See Section 4.
Effective Useful Life:

According to DEER 2011, version 4.01, the EUL for Commercial Pool Heaters is 5 years. (EUL_ID = WtrHt-GPoolHtr). The EUL of base case XE "Base case"  and most higher efficiency XE "Efficiency"  measure XE "Measure"  case units is expected to be similar. 

Net-to-Gross Assumption:

The NTG ratio is from DEER2011
 XE "DEER" . The most appropriate NTG value is shown in the table below. 

Table 2  Net-to-Gross Ratios

	Program Approach
	NTGR_ID, Description
	NTG

	Commercial
	Com-Default>2yrs, All other EEMs with no evaluated NTGR; existing EEM in programs with same delivery mechanism for more than 2 years
	0.60


1.4.5 Time-of-Use Adjustment Factor

We are required by CPUC decision 06-06-063 dated June 29, 2006 to apply time-of-use (TOU) adjustment factors on residential A/C and commercial A/C (packaged and split-system direct-expansion cooling) measures only. Since this is not an A/C measure, the TOU adjustment factor is 0. 
1.5 Summary of Inputs for Savings Calculations 

The following table provides references to sections that document the inputs for calculation:

	Input Variable
	Variations
	Base Case 1 Average Value
	Base Case 2 Average Value
	Measure Case Average Value
	Reference Section

	Electric Savings
	n/a
	n/a
	n/a
	n/a
	2.1

	Gas Savings (therms per kBtu/h capacity)
	CZ
	n/a
	n/a
	2.2
	2.3

	Hours of operation
	None
	4360
	n/a
	4360
	2.3

	Full Cost ($ per kBtu/h capacity)
	None
	$8.01
	n/a
	$10.06
	4.1, 4.2

	Incremental Cost ($ per kBtu/h capacity)
	ROB
	n/a
	n/a
	$2.05
	4.3

	EUL /RUL
	ROB
	5
	n/a
	5
	1.4.4

	NTG
	None
	n/a
	n/a
	0.60
	1.4.4

	ISR
	Applies -- Yes
	
	n/a
	1
	n/a

	TOU Factor
	A/C projects only
	0
	n/a
	0
	1.4.5


Section 2. Calculation Methods

Table 3 Baseline by Measure Application Type
	Measure Application Type
	Measure Life Basis
	First Baseline Period: Energy Savings Baseline
	Second Baseline Period: Energy Savings Baseline

	ROB (replace-on-burnout)
	EUL
	Code Baseline
	N/A


Notes: 

· For ROB measures, First Baseline is the baseline for the full EUL. There is no second baseline.
2.1 Electric Energy Savings Estimation Methodologies

There are no electric energy savings XE "Savings"  associated with this gas measure XE "Measure" .

2.2. Demand Reduction Estimation Methodologies

There is no demand reduction associated with this gas measure XE "Measure" .

2.3. Gas Energy Savings Estimation Methodologies

The U.S. Department of Energy (DOE) produced a software tool for estimating pool XE "Pool"  energy consumption as part of their Reduce Swimming Pool Energy Costs! Program (RSPEC!). This RSPEC! software tool (Energy Smart Pools Version 2.0a) was used to evaluate the typical energy savings XE "Savings"  for this measure XE "Measure" . The software was run 35 times to estimate annual gas use for various conditions.  

Note that Sandia National Laboratories recently evaluated various pool XE "Pool"  energy estimation software packages for a study of solar pool XE "Pool"  heating. They concluded that the RSPEC! tool produced the best load predictions as noted in the following excerpt:

Sizing the solar collector requires knowledge of how much heat is required to maintain a pool XE "Pool"  at the desired temperature. We used the RSPEC! software as our load estimating tool; we also compared RSPEC to these other tools and found considerable variation in the predicted load. We evaluated the various load predictions and came to the conclusion that the best load predictions are obtained using either the RSPEC! software tool or the RetScreen tool.

In addition, in early 2012, PG&E undertook a study to evaluate another newly-available online software tool for estimating pool energy consumption. The newer software is called Energy Experts, and was prepared by the Washington State University Extension Energy Program.  (http://energyexperts.org/CalculatorsTools/PoolEnergyUseCalculator.aspx). Testing of this software showed that it estimates far higher energy use than the DOE Energy Smart Pools tool, especially for outdoor pools. In order to evaluate which tool is more accurate, results were compared with four case study pools where metered data was available. While this sample was small, the results indicated very clearly that Energy Experts over-estimates energy use of outdoor pools - the Energy Experts usage estimates were on average 439% of the metered usage. Based on this study, as well as comparisons with another inhouse PG&E software tool and discussions with other engineers, it was concluded that the DOE Energy Smart Pools tool remains the best available for pool energy use analysis.
The Energy Smart Pools software has many inputs used to estimate energy use. Conditions with the highest sensitivity were selected for variation including indoor/outdoor, climate zone XE "Climate zone"  and types of covering. The following table lists the program inputs, assumptions made, plus notes regarding the sensitivity of energy use to each input.

Table 4  Energy Smart Pools Software Inputs
	Input
	Assumption
	Notes
	Sensitivity

	
	
	
	

	--General--
	
	
	

	Owner Type
	Unknown
	Averages all types
	

	Indoor/Outdoor
	Indoor 50%, Outdoor 50%
	Assumed average
	Very high (outdoor increases gas use by 100-150%)

	Schedule
	Year-round, 8am-8pm, 7 days per week
	Assumed average
	

	
	
	
	

	--Pool Data--
	
	
	

	Surface Area
	1,000 sq.ft.
	Easily scalable
	

	Pool Temperature 
	80degF
	Typ 78-82degF
	Medium (higher pool XE "Pool"  temp increases gas use 5-6% per 1degF)

	Activity Level
	High
	(High or Low) - Commercial pools assumed to be busy
	Medium (Low activity lowers gas use by 11-15%)

	
	
	
	

	--Outdoor Conditions--
	
	Apply to outdoor cases only
	

	Location
	Sacramento (Central Valley), 

San Francisco (North Coastal), San Diego/LA (South Coastal), Las Vegas NV (Desert proxy)
	Limited selection in software
	Medium (Sacramento lower gas use by 20% vs SF for outdoor pools)

	Wind Speed %
	15%
	Program default
	Very High (higher wind coefficient increases gas use 19-24% per 10% wind)

	Shading %
	30%
	Program default
	Medium (gas use higher 6-9% per 10% higher shading)

	
	
	
	

	--Indoor Conditions--
	
	Apply to indoor cases only
	

	Room Temperature
	72 degF
	
	Medium (Higher room temp reduces gas use 3% per degF)


	Input
	Assumption
	Notes
	Sensitivity

	
	
	
	

	Room Relative Humidity
	60% RH
	Assumed average
	High (lower room RH increases gas use 14% per 10%RH)

	
	
	
	

	--Pool Cover Data--
	
	
	

	Cover
	None
	Assumed most common
	Very High

	Vinyl Cover, as below:
	
	
	Use of vinyl cover reduces gas use 35-38%

	-Cover R-Value
	0.2
	Program allows 0.1 – 0.5
	

	-Cover Coverage
	95%
	Assumed average
	

	Insulated Cover, as below:
	
	
	Use of insulated cover reduces gas use 43-56%

	-Cover R-Value
	2
	Program default
	

	-Cover Coverage
	95%
	Assumed average
	

	Bubble/Solar Cover, as below:
	
	
	Use of bubble/solar cover reduces gas use 40-42%

	-Cover R-Value
	1.5
	Program default
	

	-Cover Coverage
	95%
	Assumed average
	

	
	
	
	

	--Other Inputs--
	
	
	

	Vent heaters
	Ignored
	
	

	Pumps - all
	Ignored
	
	

	Solar Heating
	None
	
	

	
	
	
	


The following table presents inputs, results, and comments for 60 software runs.

Table 5  Energy Smart Pools Software Runs: Inputs, Results, Comments

[image: image3.emf]H103 Commercial Pool Heaters

Analysis Inputs and Results

Energy Smart U.S. DOE software - Commercial

Version 2.0a

Updated and expanded, 2012.06.07

0.951219512 adjustment to new baseline std efficiency 2013

Inputs Results Comments Sensitivity Analysis

Run# Outdoor Conditions Pool Data Indoor Data Cover Data

Owner 

Type

Indoor/ 

Outdoor

Weather 

City

Windspee

d, %

Shading, 

%

Surface 

Area, ft2 Temp, F

Activity, 

Lo/Hi

Pool 

Heater 

Effic, %

Room 

Temp, F

Room 

RH, % Type

Manual/ 

Auto R-Value

Coverage, 

%

Total Annual 

Heater Gas 

Use, Therms

1 Unknown Indoor San Fran 15 0 1000 80 Hi 82 72 60 None - - - 5,828              

2 Unknown Indoor Sac'mento 15 0 1000 80 Hi 82 72 60 None - - - 5,828               no change ok - city indoor

3 Unknown Indoor San Fran 15 0 1000 80 Hi 84 72 60 None - - - 5,690               98% calc check - ok htr efficiency -2.4% 78>84% effic

4 Unknown Indoor San Fran 15 0 1000 80 Lo 82 72 60 None - - - 4,965               85% lo vs high activity high>low activity -15%

5 Unknown Indoor San Fran 15 0 1000 80 Hi 82 72 50 None - - - 6,656               114% 60>50%RH indoor indoor RH ↓ 14% per -10% RH

6 Unknown Indoor San Fran 15 0 1000 80 Hi 82 75 60 None - - - 5,302               91% 72>75F indoor indoor temp -3% per +1degF

7 Unknown Indoor San Fran 15 30 1000 80 Hi 82 72 60 None - - - 5,828               no change ok - shading indoor

8 Unknown Indoor San Fran 15 30 1000 82 Hi 82 72 60 None - - - 6,554               112% pool temp 80>82 pool temp 6% per +1degF

9 Unknown Indoor San Fran 15 30 1000 78 Hi 82 72 60 None - - - 5,143               88% pool temp 80>78 pool temp -6% per -1degF

10 Unknown Outdoor San Fran 15 30 1000 80 Hi 82 - - None - - - 14,755             253% indoor>outdoor SF in>outdoor SF 153%

11 Unknown Outdoor Sac'mento 15 30 1000 80 Hi 82 - - None - - - 11,855             203% indoor>outdoor Sacramento in>outdoor Sac. 103% 0.803

12 Unknown Outdoor San Fran 15 50 1000 80 Hi 82 - - None - - - 15,649             106% shading shading coefficient 6% per +10% SC

13 Unknown Outdoor San Fran 30 30 1000 80 Hi 82 - - None - - - 20,169             137% wind wind coefficient 24% per +10% WC

14 Unknown Outdoor San Fran 15 30 1000 80 Hi 84 - - None - - - 14,404             98% calc check - ok

15 Unknown Outdoor San Fran 15 30 1000 80 Lo 82 - - None - - - 13,090             89% lo vs high activity high>low activity -11%

16 Unknown Outdoor San Fran 15 30 1000 82 Hi 82 - - None - - - 16,373             111% pool temp 80>82 pool temp 5% per +1degF

17 Unknown Outdoor San Fran 15 30 1000 78 Hi 82 - - None - - - 13,199             89% pool temp 80>78 pool temp -5% per -1degF

18 Unknown Outdoor San Fran 15 30 1000 80 Hi 82 - - Vinyl Auto 0.2 95 9,622               65% vinyl cover -35% if used

19 Unknown Outdoor San Fran 30 30 1000 80 Hi 82 - - Vinyl Auto 0.2 95 12,992             64% vinyl cover -36% if used

20 Unknown Outdoor San Fran 30 30 1000 80 Hi 82 - - Insulated Auto 2 95 8,841               44% insulated cover -56% if used

21 Unknown Outdoor San Fran 30 30 1000 80 Hi 82 - - Vinyl Manual 0.2 95 12,992             64% auto/manual no change

22 Unknown Outdoor San Fran 30 30 1000 80 Hi 82 - - Bubble/Solar Auto 1.5 95 12,117             60% bubble/solar cover -40% if used

23 Unknown Outdoor Sac'mento 15 30 1000 80 Hi 82 - - None - - - 11,855             = Run 11 above

25 Unknown Outdoor Sacramento 15 50 1000 80 Hi 82 - - None - - - 12,911             109% shading shading coefficient 9% per +10% SC

26 Unknown Outdoor Sacramento 30 30 1000 80 Hi 82 - - None - - - 15,276             129% wind wind coefficient 19% per +10% WC

27 Unknown Outdoor Sacramento 15 30 1000 80 Hi 84 - - None - - - 11,573             98% calc check - ok

28 Unknown Outdoor Sacramento 15 30 1000 80 Lo 82 - - None - - - 10,351             87% lo vs high activity high>low activity -13%

29 Unknown Outdoor Sacramento 15 30 1000 82 Hi 82 - - None - - - 13,267             112% pool temp 80>82 pool temp 6% per +1degF

30 Unknown Outdoor Sacramento 15 30 1000 78 Hi 82 - - None - - - 10,497             89% pool temp 80>78 pool temp -6% per -1degF

31 Unknown Outdoor Sacramento 15 30 1000 80 Hi 82 - - Vinyl Auto 0.2 95 7,378               62% vinyl cover -38% if used

32 Unknown Outdoor Sacramento 30 30 1000 80 Hi 82 - - Vinyl Auto 0.2 95 9,508               62% vinyl cover -38% if used

33 Unknown Outdoor Sacramento 30 30 1000 80 Hi 82 - - Insulated Auto 2 95 8,725               57% insulated cover -43% if used

34 Unknown Outdoor Sacramento 30 30 1000 80 Hi 82 - - Vinyl Manual 0.2 95 9,508               62% auto/manual no change

35 Unknown Outdoor Sacramento 30 30 1000 80 Hi 82 - - Bubble/Solar Auto 1.5 95 8,819               58% bubble/solar cover -42% if used

Assumptions / Inputs for all runs:

-vent heaters ignored

-all pumps ignored

-no solar heating

-program defaults to 15% wind speed factor

-schedule: year-round, 8am-8pm, 7 days


Table 6  Energy Smart Pools Software Runs: Inputs, Results, Comments (cont’d)
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Inputs Results Comments Sensitivity Analysis

Run# Outdoor Conditions Pool Data Indoor Data Cover Data

Owner 

Type

Indoor/ 

Outdoor

Weather 

City

Windspee

d, %

Shading, 

%

Surface 

Area, ft2 Temp, F

Activity, 

Lo/Hi

Pool 

Heater 

Effic, %

Room 

Temp, F

Room 

RH, % Type

Manual/ 

Auto R-Value

Coverage, 

%

Total Annual 

Heater Gas 

Use, Therms

43 Unknown Outdoor Los Angeles 15 30 1000 80 Hi 82 - - None - - - 11,972            

45 Unknown Outdoor Los Angeles 15 50 1000 80 Hi 82 - - None - - - 12,978             108% shading shading coefficient 8% per +10% SC

46 Unknown Outdoor Los Angeles 30 30 1000 80 Hi 82 - - None - - - 15,985             134% wind wind coefficient 22% per +10% WC

47 Unknown Outdoor Los Angeles 15 30 1000 80 Hi 84 - - None - - - 11,687             98% calc check - ok

48 Unknown Outdoor Los Angeles 15 30 1000 80 Lo 82 - - None - - - 10,522             88% lo vs high activity high>low activity -12%

49 Unknown Outdoor Los Angeles 15 30 1000 82 Hi 82 - - None - - - 13,476             113% pool temp 80>82 pool temp 6% per +1degF

50 Unknown Outdoor Los Angeles 15 30 1000 78 Hi 82 - - None - - - 10,525             88% pool temp 80>78 pool temp -6% per -1degF

51 Unknown Outdoor Los Angeles 15 30 1000 80 Hi 82 - - Vinyl Auto 0.2 95 7,784               65% vinyl cover -35% if used

52 Unknown Outdoor Los Angeles 30 30 1000 80 Hi 82 - - Vinyl Auto 0.2 95 10,368             87% vinyl cover -13% if used

53 Unknown Outdoor Los Angeles 30 30 1000 80 Hi 82 - - Insulated Auto 2 95 9,278               77% insulated cover -23% if used

54 Unknown Outdoor Los Angeles 30 30 1000 80 Hi 82 - - Vinyl Manual 0.2 95 10,055             84% auto/manual no change

55 Unknown Outdoor Los Angeles 30 30 1000 80 Hi 82 - - Bubble/Solar Auto 1.5 95 9,368               78% bubble/solar cover -22% if used

63 Unknown Outdoor San Diego 15 30 1000 80 Hi 82 - - None - - - 11,407            

65 Unknown Outdoor San Diego 15 50 1000 80 Hi 82 - - None - - - 12,351             108% shading shading coefficient 8% per +10% SC

66 Unknown Outdoor San Diego 30 30 1000 80 Hi 82 - - None - - - 14,875             130% wind wind coefficient 20% per +10% WC

67 Unknown Outdoor San Diego 15 30 1000 80 Hi 84 - - None - - - 11,136             98% calc check - ok

68 Unknown Outdoor San Diego 15 30 1000 80 Lo 82 - - None - - - 10,073             88% lo vs high activity high>low activity -12%

69 Unknown Outdoor San Diego 15 30 1000 82 Hi 82 - - None - - - 12,865             113% pool temp 80>82 pool temp 6% per +1degF

70 Unknown Outdoor San Diego 15 30 1000 78 Hi 82 - - None - - - 10,004             88% pool temp 80>78 pool temp -6% per -1degF

71 Unknown Outdoor San Diego 15 30 1000 80 Hi 82 - - Vinyl Auto 0.2 95 7,464               65% vinyl cover -35% if used

72 Unknown Outdoor San Diego 30 30 1000 80 Hi 82 - - Vinyl Auto 0.2 95 9,694               85% vinyl cover -15% if used

73 Unknown Outdoor San Diego 30 30 1000 80 Hi 82 - - Insulated Auto 2 95 8,677               76% insulated cover -24% if used

74 Unknown Outdoor San Diego 30 30 1000 80 Hi 82 - - Vinyl Manual 0.2 95 9,406               82% auto/manual no change

75 Unknown Outdoor San Diego 30 30 1000 80 Hi 82 - - Bubble/Solar Auto 1.5 95 8,763               77% bubble/solar cover -23% if used

83 Unknown Outdoor Las Vegas 15 30 1000 80 Hi 82 - - None - - - 14,032            

103 Unknown Outdoor Phoenix 15 30 1000 80 Hi 82 - - None - - - 9,084              

Assumptions / Inputs for all runs:

-vent heaters ignored

-all pumps ignored

-no solar heating

-program defaults to 15% wind speed factor

-schedule: year-round, 8am-8pm, 7 days


Pool Heater Sizing

Typical pool XE "Pool"  heater sizing is important for normalizing gas use savings XE "Savings"  by heater size (i.e. therms per kBtu/h heater rated input).

A survey of vendor XE "Vendor"  literature
 indicates that commercial pool XE "Pool"  heaters are mainly sized based on: 

· Pool surface area;

· Indoor vs outdoor installation;

· Temperature difference between pool XE "Pool"  temperature and worst-case ambient temperature (eg. average for coldest month of pool XE "Pool"  use);

· Required rate of temperature change (ie. for initial heat-up) may also be considered where relevant. This may be rated as required temperature change per 24 hours;

· Local conditions, including wind and sun exposure and typical humidity levels, can also be important.

Based on published vendor XE "Vendor"  general recommendations, typical pool XE "Pool"  heater sizes are:

· 100 kBtu/h per 200-400 square feet (average 300) of surface area for outdoor pools; and 

· 100 kBtu/h per 400-800 square feet (average 600) of surface area for small to large commercial indoor pools. 

We used the above average values to convert gas savings XE "Savings"  from therms per square foot of pool XE "Pool"  area to therms per kBtu/h heater input rating. For example, for outdoor pools with an average 100 kBtu/h heater capacity per 300 square feet of pool area, 
Gas Savings

=
Gas Savings
*
 300 sq.ft.   

[therms/kBtu/h]

[therms/sq.ft.]
 100 kBtu/h.
Determining Base and Measure Case Efficiencies

The gas energy savings XE "Savings"  was calculated based on the efficiency XE "Efficiency"  improvement from 82% in the base case XE "Base case"  to 87.09% in the measure XE "Measure"  case.

The base case XE "Base case"  efficiency XE "Efficiency"  is the code-minimum efficiency XE "Efficiency"  (82%) as discussed in section 1.4.2 above.

To determine the average pool XE "Pool"  heater efficiency XE "Efficiency"  in the measure XE "Measure"  case, the California Energy Commission (CEC XE "CEC" ) Appliance Database was used.
 Listings in the relevant database were narrowed to include only eligible pool XE "Pool"  heaters models for heating water using natural gas fuel with no pilot light and having an accessible on/off switch. These listings were then sorted by rated efficiency XE "Efficiency" . Finally, a simple average of efficiency XE "Efficiency"  was calculated for all models with efficiency XE "Efficiency"  of at least 84%, the program-minimum efficiency XE "Efficiency"  specified for this measure XE "Measure" , including very high efficiency XE "Efficiency"  condensing models. This average higher efficiency XE "Efficiency"  was 87.09%.

Gas Savings Results

The table on the following page summaries results including normalization of the estimated savings XE "Savings"  to annual therms per kBtu/h heater input rating. Note that when normalized by heater size, savings XE "Savings"  are similar for indoor and outdoor pools.

Annual Gas Savings:

             Energy Savings [therms/unit] = Annual Base Gas Usage – Annual Energy Efficient Gas Usage

The following Table 4 shows the results from the modeling runs along with the combined savings XE "Savings"  figures that comprise the program savings XE "Savings"  estimate.

Table 7  Results Summary and Normalization

[image: image5.emf]Inputs Results Summary

Run# Outdoor Conditions Pool Data Indoor Data Cover Data

Owner 

Type

Indoor/ 

Outdoor

Weather 

City

Windspee

d, %

Shading, 

%

Surface 

Area, ft2 Temp, F

Activity, 

Lo/Hi

Pool 

Heater 

Effic, %

Room 

Temp, F

Room 

RH, % Type

Total Annual 

Heater Gas 

Use, Therms

Annual 

Gas Use, 

Therms 

per sq.ft. 

pool area

Typical Pool Area 

sq.ft. per 100 kBtu/h 

heater rating

Annual Gas Use, 

Therms per kBtu/h 

heater input rating

1 Unknown Indoor 1000 80 Hi 82 72 60 None - Base Case Indoor 5,828               5.83          600 35.0                          

84 Measure minimum Measure Case Indoor 5,689               5.69          600 34.1                          

Savings 139                  0.14          600 0.8                            

10 Unknown Outdoor San Fran 15 30 1000 80 Hi 82 - - None - 14,755             14.76        300 44.3                          

San Fran 84 Measure minimum 14,404             14.40        300 43.2                          

23 Unknown Outdoor Sac'mento 15 30 1000 80 Hi 82 - - None - 11,855             11.86        300 35.6                          

Sac'mento 84 Measure minimum 11,573             11.57        300 34.7                          

26 Unknown Outdoor LA/San Diego 15 30 1000 80 Hi 82 - - None - 11,690             11.69        300 35.1                          

LA/San Diego 84 Measure minimum 11,411             11.41        300 34.2                          

28 Unknown Outdoor Las Vegas 15 30 1000 80 Hi 82 - - None - 14,032             14.03        300 42.1                          

Las Vegas 84 Measure minimum 13,698             13.70        300 41.1                          

Outdoor Average - North 82 Base Case Outdoor 13,305             13.31        300 39.9                          

84 Measure minimum Measure Case Outdoor 12,988             12.99        300 39.0                          

Savings 317                  0.32          300 1.0                            

Outdoor Average - South 82 Base Case Outdoor 12,861             12.86        300 38.6                          

84 Measure minimum Measure Case Outdoor 12,555             12.55        300 37.7                          

Savings 306                  0.31          300 0.9                            

Combined - Indoor and Outdoor:

Percent Indoors 50% North Average

Average of SF and SAC (North Other) 82 Regulated minimum Base Case All 9,567               9.57          37.4                          

84 Measure minimum Measure Case All 9,339               9.34          36.6                          

87.09 Average of CEC models of 84+% Measure Case All 9,008               9.01          35.3                          

Savings to 84% 228                  0.23          0.9                            

Savings to 87.09% 559                  0.56          2.2                            

Percent Indoors 50% San Francisco

San Francisco (North Coastal) 82 Regulated minimum Base Case All 10,292             10.29        39.6                          

84 Measure minimum Measure Case All 10,047             10.05        38.7                          

87.09 Average of CEC models of 84+% Measure Case All 9,690               9.69          37.3                          

Savings to 84% 245                  0.25          0.9                            

Savings to 87.09% 602                  0.60          2.3                            

Percent Indoors 50% Sacramento

Sacramento (Central Valley) 82 Regulated minimum Base Case All 8,842               8.84          35.3                          

84 Measure minimum Measure Case All 8,631               8.63          34.4                          

87.09 Average of CEC models of 84+% Measure Case All 8,325               8.32          33.2                          

Savings to 84% 211                  0.21          0.8                            

Savings to 87.09% 517                  0.52          2.1                            


Table 8  Results Summary and Normalization (cont’d)
[image: image6.emf]Inputs Results Summary

Run# Outdoor Conditions Pool Data Indoor Data Cover Data

Owner 

Type

Indoor/ 

Outdoor

Weather 

City

Windspee

d, %

Shading, 

%

Surface 

Area, ft2 Temp, F

Activity, 

Lo/Hi

Pool 

Heater 

Effic, %

Room 

Temp, F

Room 

RH, % Type

Total Annual 

Heater Gas 

Use, Therms

Annual 

Gas Use, 

Therms 

per sq.ft. 

pool area

Typical Pool Area 

sq.ft. per 100 kBtu/h 

heater rating

Annual Gas Use, 

Therms per kBtu/h 

heater input rating

1 Unknown Indoor 1000 80 Hi 82 72 60 None - Base Case Indoor 5,828               5.83          600 35.0                          

84 Measure minimum Measure Case Indoor 5,689               5.69          600 34.1                          

Savings 139                  0.14          600 0.8                            

10 Unknown Outdoor San Fran 15 30 1000 80 Hi 82 - - None - 14,755             14.76        300 44.3                          

San Fran 84 Measure minimum 14,404             14.40        300 43.2                          

23 Unknown Outdoor Sac'mento 15 30 1000 80 Hi 82 - - None - 11,855             11.86        300 35.6                          

Sac'mento 84 Measure minimum 11,573             11.57        300 34.7                          

26 Unknown Outdoor LA/San Diego 15 30 1000 80 Hi 82 - - None - 11,690             11.69        300 35.1                          

LA/San Diego 84 Measure minimum 11,411             11.41        300 34.2                          

28 Unknown Outdoor Las Vegas 15 30 1000 80 Hi 82 - - None - 14,032             14.03        300 42.1                          

Las Vegas 84 Measure minimum 13,698             13.70        300 41.1                          

Outdoor Average - North 82 Base Case Outdoor 13,305             13.31        300 39.9                          

84 Measure minimum Measure Case Outdoor 12,988             12.99        300 39.0                          

Savings 317                  0.32          300 1.0                            

Outdoor Average - South 82 Base Case Outdoor 12,861             12.86        300 38.6                          

84 Measure minimum Measure Case Outdoor 12,555             12.55        300 37.7                          

Savings 306                  0.31          300 0.9                            

Combined - Indoor and Outdoor:

Percent Indoors 50% South Average

Average of LA/San Diego and Las Vegas (South Other) 82 Regulated minimum Base Case All 9,345               9.34          36.8                          

84 Measure minimum Measure Case All 9,122               9.12          35.9                          

87.09 Average of CEC models of 84+% Measure Case All 8,798               8.80          34.6                          

Savings to 84% 222                  0.22          0.9                            

Savings to 87.09% 546                  0.55          2.1                            

Percent Indoors 50% LA / San Diego

Los Angeles / San Diego average (South Coastal) 82 Regulated minimum Base Case All 8,759               8.76          35.0                          

84 Measure minimum Measure Case All 8,550               8.55          34.2                          

87.09 Average of CEC models of 84+% Measure Case All 8,247               8.25          33.0                          

Savings to 84% 209                  0.21          0.8                            

Savings to 87.09% 512                  0.51          2.0                            

Percent Indoors 50% Las Vegas NV

Las Vegas (Desert) 82 Regulated minimum Base Case All 9,930               9.93          38.5                          

Note: Las Vegas was selected as nearest proxy for  84 Measure minimum Measure Case All 9,694               9.69          37.6                          

Ca desert climate available in the software 87.09 Average of CEC models of 84+% Measure Case All 9,350               9.35          36.3                          

Savings to 84% 236                  0.24          0.9                            

Savings to 87.09% 580                  0.58          2.3                            

Average of 6 Groups Above Savings to 87.09% 553                  0.55          2.2                            


Section 3. Load Shapes

Load Shapes are an important part of the life-cycle cost analysis of any energy efficiency XE "Efficiency"  program portfolio.  The net benefits associated with a measure XE "Measure"  are based on the amount of energy saved and the avoided cost per unit of energy saved.  For electricity, the avoided cost varies hourly over an entire year.  Thus, the net benefits calculation for a measure XE "Measure"  requires both the total annual energy savings XE "Savings"  (kWh) of the measure XE "Measure"  and the distribution of that savings XE "Savings"  over the year.  The distribution of savings XE "Savings"  over the year is represented by the measure XE "Measure" ’s load shape.  The measure XE "Measure" ’s load shape indicates what fraction of annual energy savings XE "Savings"  occurs in each time period of the year.  An hourly load shape indicates what fraction of annual savings XE "Savings"  occurs for each hour of the year.  A Time-of-Use (TOU) load shape indicates what fraction occurs within five or six broad time-of-use periods, typically defined by a specific utility rate tariff.  Formally, a load shape is a set of fractions summing to unity, one fraction for each hour or for each TOU period.  Multiplying the measure XE "Measure"  load shape with the hourly avoided cost stream determines the average avoided cost per kWh for use in the life cycle cost analysis that determines a measure XE "Measure" ’s Total Resource Cost (TRC) benefit.

3.1 Base Case Load Shapes

Load shapes are not applicable to gas measures, however, because the price of gas is not dependent on time-of-use.

3.2 Measure Load Shapes

Load shapes are not applicable to gas measures, because the price of gas is not dependent on time-of-use.

Section 4. Base Case & Measure Costs

An updated web search was undertaken in 2012 to obtain current market pricing for a wide range of pool XE "Pool"  heaters. The online CEC XE "CEC"  Appliances Database
 was used as a guide for models to be investigated. Only units using natural gas as fuel and without a pilot light were considered. A total of 189 models meeting these criteria are listed in the CEC database. This population of 189 pool XE "Pool"  heater models has an average input rating of 938 kBtu/h (median 400 kBtu/h), and an average thermal efficiency XE "Efficiency"  of 83.40% (median 82.00%). A total of 59 out of these 189 models has a thermal efficiency of 84% or higher, making them eligible for this measure. 

Prices were obtained for 41 of these listed models. These 41 pool XE "Pool"  heater models were sorted based on eligibility for this measure XE "Measure"  (ie. thermal efficiency XE "Efficiency"  of 84+%, or lower, as reported on the CEC XE "CEC"  database.) In all cases, the lowest price obtained was used.

Please see the full pool XE "Pool"  heater model listing with prices in the appendix.

4.1 Base Case(s) Costs

The average price for pool XE "Pool"  heaters with thermal efficiency XE "Efficiency"  below 84% was found to be $8.01 per kBtu/h input rating. 

4.2 Measure Case Costs

The average price for pool XE "Pool"  heaters with thermal efficiency XE "Efficiency"  of 84% and above was found to be $10.06 per kBtu/h input rating, or $2.05 higher than the base case XE "Base case" .

4.3 Incremental & Full Measure Costs

Based on the above research and analysis, the incremental cost for a high-efficiency XE "Efficiency"  pool XE "Pool"  heater is estimated as $2.05 per kBtu/h input rating.
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