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Section 1. General Measure & Baseline Data
[bookmark: _Toc214003083]1.1  Measure & Delivery Description 
1.1a Measure Description
This work paper details the replacement of existing pin-based halogen or linear fluorescent lamps with new, more efficient linear LED strip lighting.

Table 1 below shows the measure description classifications with what the existing base case lamps can be replaced.

[bookmark: _Ref325629993]Table 1 Measure Names
	Product Code
	Measure name

	L-O11
	New Linear LED Strip (T8 base case)

	L-O21
	New Linear LED Strip (T12 base case)

	L-O31
	New Linear LED Strip (Bi-pin Halogen base case)



1.1b Delivery and Incentive Mechanism
The delivery method for this measure is:
· Financial-Support Down-Stream Incentive Deemed

The measure install types are:
· Retrofit (RET)
1.1c Measure Requirements
Measure eligibility requirements for the measures addressed in this work paper are established in the San Diego Gas & Electric Energy Efficiency Business Rebates Product Catalog [[endnoteRef:1]]. Please refer to this document for the most updated eligibility requirements. [1: [] SDG&E Energy Efficiency Business Rebates Lighting Product Catalog - https://www.sdge.com/rebates-finder/earn-rebates-your-improvements] 


General requirements include:
· Only complete, new Linear LED lamps qualify
· Must replace an existing bi-pin halogen or linear fluorescent lamps
· A written warranty must be issued to the customer guaranteeing repair or replacement of defective electrical parts (including light source and power supplies) for a minimum of three (3) years from the date of purchase

Power Supply Requirements:
· An electronic power supply must be used in the new system
· Must have a power factor of greater than 0.9
· Must experience no more than 20% of total harmonic distortion

[bookmark: _Toc214003084]1.2  DEER Differences Analysis
The specific measures found in this workpaper are not included in the Database for Energy Efficient Resources (DEER) Version 2014. DEER contains interior lighting retrofit measures; however, none of the DEER measures match.

Table 2 DEER Difference Summary
	DEER Difference Summary Table

	Modified DEER Methodology
	No

	Scaled DEER Measure
	No

	DEER Building Prototypes Used
	No

	Deviation from DEER
	DEER does not contain this type of measure.

	DEER Version
	DEER 2014

	DEER Run ID and Measure Name (Sample)
	N/A


[bookmark: _Toc214003087]
1.3  Code Analysis 
The 2013 California Title 24 Building Energy Efficiency Standards [[endnoteRef:2]] focus on key areas to improve the energy efficiency of newly constructed buildings and additions and alterations to existing buildings. [2: [] The 2013 Building Energy Efficiency Standards for Residential and Nonresidential Buildings – Title 24, Part 6: http://www.energy.ca.gov/2012publications/CEC-400-2012-004/CEC-400-2012-004-CMF-REV2.pdf] 

· Section 140.6(c)3I and J outlines the calculation of allowed indoor lighting power density for wall and floor display lighting, but this only applies to new, proposed space types and does not govern the measures in this workpaper.

The 2014 California Title 20 Appliance Efficiency Regulations [[endnoteRef:3]] include standards for both federally regulated appliances and nonfederally-regulated appliances that are sold or offered for sale in California, but it does not govern the lighting measures in this workpaper. [3: [] The 2014 Appliance Efficiency Regulations – Title 20: http://www.energy.ca.gov/2014publications/CEC-400-2014-009/CEC-400-2014-009-CMF.pdf] 


The measures in this workpaper do not fall under the Federal DOE or EPA Energy Regulations.  

Table 3 Code Summary
	Code
	Applicable Code Reference
	Effective Dates

	Title 24 (2013)
	2013 Non-Residential Compliance Manual, Section 140.6
	July 1, 2014

	Title 20 (2014)
	N/A
	N/A

	Federal Standards
	N/A
	N/A



[bookmark: _Toc214003088]1.4  Measure Effective Useful Life
DEER and the CPUC ED Workpaper Disposition for Lighting Retrofits documentation provide EUL and RUL information on www.deeresources.com.

To obtain the EUL value, the updated CPUC ED EUL table documentation issued on February 5, 2014, “DEER2014-EUL-table-update_2014-02-05.xlsx”, was consulted. However, the workbook does not specifically include EUL/RUL values for unrefrigerated linear LED strip for display case lighting. It does include the EUL ID of “LED-Cooler” but the values are for walk-in coolers and freezers. 

Without valid commercial EUL/RUL values for unrefrigerated linear LED strip for display case lighting, this workpaper will assume the EUL/RUL values of EUL ID “GrocDisp-FixtLtg-LED”.

Table 4 below identifies the value/methodology used for the measures in this workpaper. Please consult workpaper WPSDGENRLG0999 Master Lighting Look-up Table workpaper [[endnoteRef:4]] for the actual EUL values used for all of the building types in this work paper. [4: [] Attachment #1 – Work Paper WPSDGENRLG0999, Master Lighting Lookup Table – Non Residential, San Diego Gas and Electric] 


[bookmark: _Ref325035780]Table 4 DEER EUL Value/Methodology
	Market
	Enduse
	Measure
	EUL (Years)
	RUL (Years)

	Non-Residential
	Indoor Lighting
	Display Case Lighting LED Lighting
	SEE EUL ID
	(1/3) of EUL



Table 5 identifies the EUL IDs used in this workpaper.

[bookmark: _Ref252467071]Table 5 EUL ID Summary
	EUL_ID
	Description
	Sector

	GrocDisp-FixtLtg-LED
	Display Case Lighting LED Lighting
	Com



[bookmark: _Toc214003089]1.5  Net-to-Gross Ratios for Different Program Strategies
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Net-to-Gross (NTG) Ratios are used to estimate free-ridership occurring in energy efficiency programs. Free riders are program participants who would have undertaken an activity whether or not there was an energy efficiency program promoting that activity. An NTG Ratio is a factor that represents the net program load impact divided by the gross program load impact. This factor is applied to gross program savings to determine the program's net impact. 
The NTG value was obtained from the “DEER2011_NTGR_2012-05-16.xls” on the DEER website as required by Version 4 of the California Public Utilities Commission (CPUC) Energy Efficiency Policy Manual [132]. 

The relevant NTGR for this measure is shown in Table 6 below. Refer to workpaper WPSDGENRLG0999 for specific NTG values used.

[bookmark: _Ref251862157]Table 6 Net-to-Gross Ratio
	NTGR_ID*
	Description*
	Sector*
	BldgType*
	ProgDelivID

	ET-Default
	Emerging Technologies approved by ED through work paper review
	All
	Any
	All


*Denotes that the column is taken from the DEER NTG Table.

1.6  Time-of-Use Adjustment Factor
As directed by the CPUC in decision 06-06-063 dated June 29, 2006, time-of-use (TOU) adjustment factors are to be applied for 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.  Additionally, if a measure is assigned a DEER08 load shape, i.e. the load shape starts with “DEER:” the TOU assigned to that measure should also be zero.
[bookmark: _Ref242757962]
Table 7 TOU Summary Table
	Measure
	%

	Linear LED Strip
	0


Note:  Check Section 3 if a measure appears to require a non-zero percentage but is assigned zero.  If the load shape is a DEER08 load shape, a TOU of 0 is correct.
[bookmark: _Toc214003090]Section 2. Energy Savings & Demand Reduction Calculations
2.1 Energy Savings Calculations
The energy savings (ΔWatts) is the difference in wattage from the base case to the measure case as shown below. 

ΔWatts = Base Case Wattage – Measure Case Wattage

The assumed base case lighting systems are taken to be a 31W T8 linear fluorescent fixture, a 43W T12 linear fluorescent fixture, and a 108W pin-based halogen lamp fixture for the L-O11, L-O21, and L-O31 product code measures, respectively. The replacement system is taken to be a 4’-5’ LED system, at an average rating of 29W [[endnoteRef:5]]. Table 8 provides a sample summary of the measure, base case, and delta wattages used in the energy calculation methodology. [5: [] Attachment #2 - Wattage calculation workbook.] 


[bookmark: _Ref252786485]Table 8 Measure Wattage Summary
	Product Code
	TechType
	Base Case Technology
	Measure Technology
	Base Case
Watts
	Meas. Watts
	Δ Watts
	CstAve
Δ Watts/ft.

	L-O11
	New Linear LED Strip (T8 base case)
	Linear Fluorescent
	Linear LED Strip
	31
	29
	2
	0.5

	L-O21
	New Linear LED Strip (T12 base case)
	Linear Fluorescent
	Linear LED Strip
	43
	29
	14
	3.5

	L-O31
	New Linear LED Strip (Bi-pin Halogen base case)
	Halogen
	Linear LED Strip
	108
	29
	79
	19.75



Hours of Operation 
For the purpose of this work paper, Annual hours of operation were obtained from the Energy Efficient Resources (DEER) 2008 A summary table with applicable values per market sector is provided below.  This table applies to measure codes L-O31 and L-O21 only. For Measure Code L-O11, please refer to WPSDGENRLG0999.




Table3: Hours of Operation Summary
	DEER 2008
	 
	Equivalent Full Load Hours

	Lighting Hours of Use
	 
	Indoor
	Indoor
	Outdoor

	Building Type
	Bldg Code
	CFL
	Other
	All

	Retail - 3-Story Large
	Rt3
	3702.759278
	3371.751181
	4100

	Retail - Single-Story Large
	RtL
	3813.273788
	3430.294072
	4100

	Retail - Small
	RtS
	3720.635294
	3252.859412
	4100




[bookmark: _Ref178760264]   [Equation 2]

*Interactive effect was not utilized for this measure saving calculations.

Refer to workpaper WPSDGENRLG0999 for the detailed lighting calculations.
[bookmark: _Toc182293816]
[bookmark: _Toc181721081]2.2 Demand Reduction Estimation Methodologies
[bookmark: _Ref262475244]The demand reduction estimates are based upon the DEER methodology for Express Efficiency type programs. The methodology for demand reduction is shown in Equation3 below:

Formula:


Demand Reduction =   [Equation 3]
Refer to workpaper WPSDGENRLG0999 for the detailed lighting calculations.

2.3 Gas Energy Saving Estimation
[bookmark: _GoBack]There are no gas savings associated with the measures in this workpaper.

For all the savings discussed above, there is an installation rate applied to values associated with the installation GSIA ID in Table 9. The GSIA ID is identified in the ex-ante implementation tables for all programs and measures. The installation rate (IR) is applied to the gross savings calculations using the values associated with the IDs below.

[bookmark: _Ref263717305]Table 9 Gross Savings Installation Adjustment (GSIA) IDs
	GSIA_ID
	Description
	Sector
	BldgType
	UseCategory
	TechType

	Def-GSIA
	Default GSIA
	Any
	Any
	Any
	Any



[bookmark: _Toc214003093]Section 3. Load Shapes
The difference between the base case load shape and the measure load shape would be the most appropriate load shape; however, only end-use profiles are available.  Therefore, the closest load shape chosen for this measure is the NON_res:DEER:Indoor_Non-CFL_Ltg load shape.  See Table 10 for a list of all Building Types and Load Shapes.  See the KEMA report [31] for a more thorough discussion regarding the load shapes for this measure.

[bookmark: _Ref296597958]Table 10 Building Types and Load Shapes
	Building Type
	Load Shape

	Retail - Multistory Large
	NON_res:DEER:Indoor_Non-CFL_Ltg

	Retail - Single-Story Large
	NON_res:DEER:Indoor_Non-CFL_Ltg

	Retail - Small
	NON_res:DEER:Indoor_Non-CFL_Ltg


[bookmark: _Toc214003096]
Section 4. Base Case & Measure Costs
[bookmark: _MON_1325609202][bookmark: _MON_1399297811][bookmark: _Toc214003097]4.1 Base Case Cost
DEER 2008 data does not provide information on costs for linear LED strip for display case lighting. The installation type for the measures in this workpaper is “Retrofit” so it is assumed that the base case costs are zero because the linear LED strip display case lighting would not have been normally installed, as the existing lighting is assumed to be functioning properly and does not need to be replaced.

[bookmark: _Toc214003098]4.2 Gross Measure Cost
Per the E3, the gross measure cost (GMC) is the cost to install an energy efficient measure.

There are no existing DEER measure costs relevant to the installation of LED refrigerated case lighting. The measure costs were obtained from online retailers [[endnoteRef:6]] and the costs were averaged to obtain a cost per linear foot value. No information was obtained to estimate labor costs so a conservative estimation of about 10% of the measure cost was assumed. [6: [] Attachment #4 – Linear LED strip costs from online retailers.
] 


For RET, GMC is represented by the equation below:

GMC = Measure Equipment Cost + Measure Labor Cost

Table 11 shows the gross measure costs, per linear foot, of the linear LED strip for display case lighting measures.

[bookmark: _Ref262744521]Table 11 Gross/Incremental Measure Costs Summary
	Product Code
	WP Measure Description
	Base Cost
	Measure Cost / ft.
	Labor Cost / ft.
	Gross/Inc. Measure Cost / ft.

	L-O11
	New Linear LED Strip (T8 base case)
	$0.00
	$23.82
	$2.38
	$26.20

	L-O21
	New Linear LED Strip (T12 base case)
	$0.00
	$23.82
	$2.38
	$26.20

	L-O31
	New Linear LED Strip (Bi-pin Halogen base case)
	$0.00
	$23.82
	$2.38
	$26.20



For a complete list of measure costs, see WPSDGENRLG0999 Master Lighting Look-up Table workpaper.

[bookmark: _Toc214003099]4.3 Incremental Measure Cost
For RET measures, IMC is represented by the equation below:

IMC = (Measure Equipment Cost + Measure Labor Cost) – (Base Case Equipment Cost + Base Case Labor Cost)

See workpaper WPSDGENRLG0999 for actual incremental measure costs used in this workpaper.


[bookmark: _MON_1308750857][bookmark: _MON_1308750976][bookmark: _MON_1308988700][bookmark: _MON_1309003011][bookmark: _MON_1331538793]Attachments
1. Measure savings provided in workpaper WPSDGENRLG0999 (provided under separate cover).
2. 


3. 

4. 
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Lookup Table ID Summary
EUL
	EUL_ID
	Description
	Sector

	GrocDisp-FixtLtg-LED
	Display Case Lighting LED Lighting
	Com



NTGR
	NTGR_ID*
	Description*
	Sector*
	BldgType*
	ProgDelivID

	ET-Default
	Emerging Technologies approved by ED through work paper review
	All
	Any
	All



GSIA
	GSIA_ID
	Description
	Sector
	BldgType
	UseCategory
	TechType

	Def-GSIA
	Default GSIA
	Any
	Any
	Any
	Any



BUILDING TYPE & LOAD SHAPE
	Building Type
	Load Shape

	Retail - Multistory Large
	NON_res:DEER:Indoor_Non-CFL_Ltg

	Retail - Single-Story Large
	NON_res:DEER:Indoor_Non-CFL_Ltg

	Retail - Small
	NON_res:DEER:Indoor_Non-CFL_Ltg
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Microsoft_Excel_Sheet1.xlsx
DeltaW

		Measure Code		Measure Description		Base Wattage 		LED Wattage 		∆Watts/Case		∆Watts/Linear Foot		References

		L-O11		4-5' LED		31		29		2		0.5		See WPSDGENRLG0999 for supersceding data

		L-O21		4-5' LED		43		29		14		3.5

		L-O31		4-5' LED		108		29		79		19.75





MeasureWattage

		GE linear LED 3500 or 4200 K  (available in 6” increments starting at 22”)  approximately 9 W per foot.



		Length (inch)		Length (ft)		Watt		Watt/linear foot

		22		1.8		17		9.27

		28		2.3		22		9.43

		34		2.8		26		9.18

		40		3.3		30		9

		46		3.8		35		9.13

		52		4.3		39		9

		58		4.8		43		8.9

		70		5.8		53		9.09

						33.125

		Philips linear LED  3100 or 4000K (available in two lengths) approximately 6 W per foot



		Length (inch)		Length (ft)		Watt		Watt/linear foot

		35		2.9		18		6.17

		47		3.9		27		6.89

						22.5

		Nualight linear LED 2800 or 3900 K (available in three lengths) approximately 7 W per foot

		Length (inch)		Length (ft)		Watt		Watt/linear foot

		36		3		21.5		7.17

		48		4		29		7.25

		60		5		36		7.2

						28.8333333333

		LED Average W Consumption				28.1527777778
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Microsoft_Excel_Sheet2.xlsx
LED Strip Costs

				LED Strip Manufacturer/Brand/Description		LED strip Source		LED Driver Source		Strip Light Cost		Driver Cost		Total Cost		Length (ft.)		$/ft

				Amazon Waterproof Flexible LED Strip Light		http://www.ledwaves.com/Amazon-Waterproof-Flexible-LED-Strip-Light.html		http://www.ledwaves.com/LED-Light-Bar-Power-Supply-12V-DC.html		$219.95		$36.95		$256.90		16.4		$15.66

				Rio Grande Waterproof High-power LED Strip Light		http://www.ledwaves.com/Rio-Grande-Waterproof-High-power-LED-Strip-Light.html		http://www.ledwaves.com/150Watt-12VDC-Switch-Power-Supply.html		$119.95		$64.95		$184.90		16.4		$11.27

				Broadway LED Cuttable Light Bar		http://www.ledwaves.com/Broadway-LED-Cuttable-Light-Bar.html		http://www.ledwaves.com/LED-Light-Bar-Power-Supply-12V-DC.html		$31.95		$1.85		$33.80		1.5833333333		$21.35

				Rhine Flexible LED Strip Light		http://www.ledwaves.com/Rhine-Flexible-LED-Strip-Light.html		http://www.ledwaves.com/Remote-Power-Supply-12V-DC-48-Watt.html		$79.95		$38.95		$118.90		16.4		$7.25

				LED-Mate SLIM Designs LED Jewelry Showcase Lighting Shelf Cabinet Light Bars		http://www.led-mate.com/led-light-bars/led-bar-lights/led-cabinet-light-bars.html		http://www.led-mate.com/low-voltage-power-supplies/ac-to-dc-power-transformers/led-drivers.html		$15.25		$1.82		$17.07		1		$17.07

				LED-Mate MX Series LED Display Case Lights Under Cabinet Linear Strips		http://www.led-mate.com/led-light-bars/led-replacement-tube-lighting/led-display-case-lighting.html		http://www.led-mate.com/low-voltage-power-supplies/ac-to-dc-power-transformers/led-drivers.html		$25.06		$4.09		$29.15		1		$29.15

				LED Flexible Strip Lights		http://www.led-mate.com/led-flexible-strip-lights/led-ribbon-lights.html		http://www.led-mate.com/low-voltage-power-supplies/ac-to-dc-power-transformers/led-drivers.html		$38.15		$54.50		$92.65		16.4		$5.65

				LED Straight Edge Strip Light		http://www.pegasuslighting.com/led-strip-light-straight-edge-versatile-mount.html		http://www.pegasuslighting.com/electronic-low-voltage-transformer-60w-24v.html		$50.50		$3.25		$53.75		0.6041666667		$88.97

				LED Sleek Ultra Bright Line Voltage Linkable Linear Light Fixtures		http://www.pegasuslighting.com/led-ultra-bright-line-voltage-linkable-linear-light-fixtures.html		http://www.pegasuslighting.com/power-cord-6-foot-psgpc72w.html		$64.90		$3.75		$68.65		1.03125		$66.57

				White LED Flexible Tape Light, 16.4-Foot Reel, Damp Location, 12-Volt		http://www.pegasuslighting.com/led-flexible-tape-light-white-damp-location-12v.html		http://www.pegasuslighting.com/led-plug-in-power-supply-60w-12v-dc.html		$102.50		$44.25		$146.75		16.4		$8.95

				Ultra Bright LED Flexible Tape Light, 16.4-Foot Reel, Damp Location, 12-Volt		http://www.pegasuslighting.com/led-flexible-tape-light-ultra-bright-damp-location-12v.html		http://www.pegasuslighting.com/led-plug-in-power-supply-60w-12v-dc.html		$179.50		$88.50		$268.00		16.4		$16.34

				Jewelry Showcase / Cabinet Led Strip Light Bar 36 High Power Leds		http://www.hero-ledstore.com/jewelry-showcase-cabinet-led-strip-light-bar-36-high-power-leds-p-1224.html		http://www.hero-ledstore.com/led-transformer-110v240v-ac-12v-dc-3-amps-36w-p-2559.html		$15.35		$23.92		$39.27		1.6408333333		$23.93

				22.5 inch SMD5050 Rigid LED Lightbar 30LEDS		http://www.ledlightsworld.com/225-inch-smd5050-rigid-led-lightbar-30leds-p-88.html		http://www.ledlightsworld.com/led-power-supply-110220v-ac-to-12v-dc-p-117.html		$17.95		$15.90		$33.85		1.875		$18.05

				SMD3528-300 Flexible LED Strips 60 LEDs Per Meter		http://www.ledlightsworld.com/smd-3528-flexible-led-strips-300-leds-p-90.html		http://www.ledlightsworld.com/led-power-supply-110220v-ac-to-12v-dc-p-117.html		$39.95		$12.90		$52.85		16.4		$3.22



																average $/ft.		$23.82
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