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Upstream Interior 3-Way Compact Fluorescent Lamps
    Measure codes:   L018-L026
At-a-Glance Summary

	Applicable Measure Codes:
	L018, L019, L020, L021, L022, L023, L024, L025, L026

	Measure Description: 
	The residential and non-residential XE "residential"  upstream compact fluorescent lamps XE "compact fluorescent lamps"  (CFL XE "CFL" ) program encourages residential and non-residential customers to replace their existing incandescent lamps with more efficient 3-Way compact fluorescent lamps.  
Measure code L018-L026 are for wattages 18, 23, 25, 26, 28, 29, 32, 33 and 40 for Single-pack 

	Energy Impact Common Units: 
	Per lamp

	Base Case Description:
	Base case is a 3-way incandescent lamp. The base case wattage follows DEER 2016 wattage reduction methodology.

	Base Case Energy Consumption: 
	Varies: Refer to .xlsx file attached  

Source:  2016 DEER methodology was followed to determine base case energy consumption

	Measure Energy Consumption:
	Varies: Refer to .xlsx file attached 
Source:  2016 DEER methodology was followed to determine measure energy consumption

	Energy Savings (Base Case – Measure)
	Varies: Refer to .xlsx file attached
Source:  2016 DEER.  The energy savings is the difference in energy consumption between the base case 3-way incandescent lamp XE "lamp"  and the measure case 3-way  CFL XE "CFL"  lamp

	Costs Common Units: 
	$ per lamp

	Base Case Equipment Cost ($/unit):
	Varies: Refer to .xlsx file attached


	Measure Equipment Cost ($/unit): 
	Varies: Refer to .xlsx file attached 

	Measure Incremental Cost ($/unit): 
	Varies: Refer to .xlsx file attached 

	Effective Useful Life (years): 
	Varies: Refer to .xlsx file attached
Source: DEER 2016

	Program Type:
	ROB/New.

	Net-to-Gross Ratios: 
	NonRes-sAll-mCFL
CFL-screw in, All.
0.54

Res-sAll-mCFL-up
CFL-screw in, All.
0.9
Source:  2016 DEER 

	Important Comments:
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Section 1. General Measure & Baseline Data

1.1 Product Measure Description & Background

Program Restrictions and Guidelines
This work paper details the replacement of existing incandescent lamps with Integral Screw-in 3-Way Compact Fluorescent Lamps. The delivery method is Upstream Programs – Upstream Buy Down.
Market Applicability: The primary market sectors for 3-Way Lamps are both Residential and Non Residential customers.  
1.2 Product Technical Description
The 3-way compact fluorescent lamps (CFL) are available to replace the 3-way incandescent lamps. For this workpaper, savings are calculated for 18W, 23W, 25W, 26W, 28W, 29W, 32W, 33W, and 40W CFLs replacing existing incandescent lamps for both residential and non-residential applications. 
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


All the measures within this workpaper are ROB. 
1.4 Product Base Case and Measure Case Data
The base case for this measure is a lamp or fixture of a wattage defined by 2016 DEER
.  The 2016 DEER uses 3.57 wattage reduction ratio for commercial applications and 2.48 for residential applications. The measure wattages are picked based on the demand of most popular wattages. 
1.4.1 DEER Base Case and Measure Case Information
Many of the CFL measures and supporting documents are included in the latest version of the Database for Energy Efficient Resources (DEER XE "DEER" ) including:

· Effective and Remaining Useful Values and Summary Documentation 

· Net-to-Gross Values and Summary Documentation

· Cost values and documentation

· Non dimmable CFL savings values are in DEER 2011 

Hours of Operation:

DEER 2016 hours of operation and interactive effects are used for the savings calculation. For “Com” building type, 2130 hrs per year are used and for “Res” building types 541 hours per year are used. 

Net to Gross Assumption:
The NTG values were obtained from the DEER 2016 NTG Table. The relevant NTGR for this measure is shown in below.

Table 2 Net-to-Gross Ratio
	NTGR ID
	Description
	Sector
	BldgType
	Measure Delivery
	NTGR

	NonRes-sAll-mCFL
	CFL-screw in, All.
	Com
	Any
	PreRebUp
	0.54

	Res-sAll-mCFL-up
	CFL-screw in, All.
	Res
	Any
	PreRebUp
	0.9


Spillage Rate:
Spillage rates are not tracked in work papers; they are tracked in an external document which will be supplied to the Commission Staff.

Installation Rate:
The IR values were obtained using the DEER READI tool. The relevant IR values for the measures in this work paper are in the table below:
Table 3 Installation Rate

	GSIA ID
	Description
	Sector
	BldgType
	ProgDelivID
	GSIAValue

	PGE-Prop_CFL_0.67
	Propose: (0.73-Com, 0.67-Res) 2006-2008 EM&V-Upstream CFL: Res
	Res
	Any
	Any
	0.67

	PGE-Prop_CFL_0.73
	Propose: (0.73-Com, 0.67-Res) 2006-2008 EM&V-Upstream CFL: Com
	Com
	Any
	Any
	0.73


Effective Useful Life:
For the residential sector, following DEER 2016 methodology the Effective Useful Life (EUL) value is 3.5 years per 2015 Uncertain Measures Update
. 
The nonresidential EUL was calculated based on the formula below:
EULNon-Residential = 
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The table below summarizes the relevant EULs used for this work paper.

Table 4 Effective Useful Life

	EUL ID
	Description
	Sector
	UseCategory
	EUL (Years)
	Version

Version Source

	ILtg-CFL-Com
	CFL Lamps - Indoor- Commercial - 10,000 Rated Hours
	Com
	Lighting
	4.69
	DEER2016

2015 Uncertain Measures Update

	ILtg-CFL-Res
	CFL Lamps - Indoor- Residential - 10,000 Rated Hours
	Res
	Lighting
	3.50
	DEER2016

2015 Uncertain Measures Update


1.4.2 Codes & Standards Requirements Base Case and Measure Information
Title 20: Appliance Efficiency Regulations include standards for both federally regulated appliances and non-federally regulated appliances. The standards within these regulations apply to appliances that are sold or offered for sale in California.

The lamp electrical power input of state-regulated general service incandescent lamps manufactured on or after the effective dates shown in Table K-3, shall be no greater than the applicable values shown in Table K-3. As a result, base wattages are calculated based on the maximum power use for incandescent lamps shown in Table K-3, which are dependent on the lumens produced by the incandescent light source. 

Although Title 20 provides maximum power usage based on lumen ranges for incandescent bulbs manufactured on or after January 1st, 2008, based on ED recommendation PG&E follows the DEER methodology and used wattage reduction ratio for energy savings calculation. 

Title 24: These measures do not fall under Title 24 [2013] Non-Residential Building Energy Efficiency Standards.
Federal Standards: There are no additional federal standards for this measure.
1.4.3 EM&V, Market Potential, and Other Studies – Base Case and Measure Case Information
Res/Non Res Split:  The residential to non-residential split is based on the Decision 11-07-031 (from 06-08 Upstream Lighting Program) and it is 4% residential and 96% commercial.
1.4.4 Assumptions and Calculations from other sources—Base and Measure Cases
This workpaper follows the DEER 2016 methodology and uses wattage reduction ratio of 2.48 for Residential and 3.57 for Commercial type buildings.
Section 2. Calculation Methods

2.1 Electric Energy Savings Estimation Methodologies
The DEER methodology is used to calculate energy savings.  The base case wattage was established by taking the measure case wattage multiplied by a factor of 2.48 for “Res” and 3.57 for “Com” building types.  
In addition, the methodology of the California Baseline Lighting Efficiency Technology (CBLET)
 report was adopted.  The report applied an 80% Watts correction factor for 3-way usage in Volume 1 page 83, which translates to a 20% wattage reduction.  According to the CBLET formula, the 80% Watts/3-way use is then combined with a 91% (for commercial) hours-multiplier adjustment first introduced in CBLET (volume 1, page 83).  A weighted average approach for the hours-multiplier adjustment of the CBLET report and 06-08 ULP report (Table 6, page 3 of the appendices) are used for the residential program. The calculation is shown below:

        Residential hours-multiplier adjustment = 0.67*0.57+0.33*1.25=0.79  
The demand difference (watts per lamp) is simply the difference between the electric demand of the base unit and the electric demand of the energy efficient unit:
The wattage reduction, ∆Watts/unit, for a 23 Watt measure case for residential application is shown in Equation 1,

[Equation 1] 
∆Watts/unit
= Base Watts/unit  - Measure Watts/Unit
Base Watts = 23W * 2.48 = 57.04
∆Watts/unit
= (57.04  - 23) = 34.04W

The energy savings estimates are based on DEER XE "DEER"  methodology. Applying the 20% wattage reduction and the 79% for Res and 91% for Non Res hours-multiplier, the annual energy savings and the interactive effects factor for a 23 Watt measure case becomes:
 [Equation 2]
Residential Annual Energy Savings
 XE "Annual Energy Savings" 
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2.2. Demand Reduction Estimation Methodologies

The demand reduction estimates are based upon the 2016 DEER XE "DEER"  methodology. XE "Express Efficiency"   Equation 4 illustrates the peak demand reduction estimation method used.  

[Equation 3]
Residential Demand Energy Savings XE "Annual Energy Savings" 
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There is no available study to substantiate the energy savings of 3 way CFLs.  Until a study becomes available, the factors from the CBLET are used to calculate the demand savings.   

2.3. Gas Energy Savings Estimation Methodologies

The following formula is used to calculate the therm savings. The interactive effect values are provided by ED from the workbooks.
[Equation 4]
Residential Gas Savings
Gas Savings [Therm/Unit-year] = (∆Watts/unit) x (annual hours of use)  x Gas Interactive Effects
Gas Savings [-0.279 Therm/Unit-year] = (0.034kW/unit *0.80*0.79) x (541 hours per year)  x -0.0240
Section 3. Load Shapes 
Load Shapes are an important part of the life-cycle cost analysis of any energy efficiency program portfolio.  The net benefits associated with a 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 requires both the total annual energy savings (kWh) of the measure and the distribution of that savings over the year.  The distribution of savings over the year is represented by the measure’s load shape.  The measure’s load shape indicates what fraction of annual energy savings occurs in each time period of the year.  An hourly load shape indicates what fraction of annual 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 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’s Total Resource Cost (TRC) benefit.
3.1 Base Case Load Shapes

The base case load shape would be expected to follow a typical residential and commercial lighting end use load shape.
3.2 Measure Load Shapes

For purposes of the net benefits estimates in the E3 calculator, what is required is the load shape XE "load shape"  that ideally represents the difference between the base equipment and the installed energy efficiency measure.  This difference load profile is what is called the Measure Load Shape XE "Load Shape"  and would be the preferred load shape for use in the net benefits calculations.  

The measure load shape for this measure is determined by the E3 calculator based on the applicable residential and commercial market sector and the lighting end-use.
Table 5 Building Types and Load Shapes
	Building Type
	Load Shape
	E3 Alternate Building Type

	Residential - Indoor
	PGE:DEER:Indoor_CFL_Ltg
	RES

	Nonresidential - Indoor
	PGE:DEER:Com:Indoor_CFL_Ltg
	NON_RES


Section 4. Base Case & Measure Costs

In general, for Replace on Burnout (ROB) measures, the incremental measure cost is calculated for program cost comparison. The incremental measure cost show the difference between the additional costs a customer would pay for higher-efficient equipment compared to a lesser alternative.  

DEER 2016 cost data for non-reflector, 3-way CFL lamps were used for both residential and non-residential costs.  The costs listed below apply to any program delivery mechanism.  The single pack cost was used for this work paper.
4.1 Base Case(s) Costs

Base case costs were taken from the 2016 DEER READI tool.  Costs vary by lamp pack size and are a mix of 60% incandescent and 40% CFL as outlined in the 2015 Uncertain Measures Update.  Please refer to the table below for base case costs:
Table 6 DEER 2016 Base Case Cost 

	MeasCostID
	Description
	Single Pack Cost [$]

	Std_CFLscw-3way(18w)_60pInc-r0248
	Base case cost for mix of 60% CFL and 40% Incandescent for CFL TechID: CFLscw-3way(18w)
	7.24

	Std_CFLscw-3way(23w)_60pInc-r0248
	Base case cost for mix of 60% CFL and 40% Incandescent for CFL TechID: CFLscw-3way(23w)
	7.45

	Std_CFLscw-3way(25w)_60pInc-r0248
	Base case cost for mix of 60% CFL and 40% Incandescent for CFL TechID: CFLscw-3way(25w)
	7.50

	Std_CFLscw-3way(26w)_60pInc-r0248
	Base case cost for mix of 60% CFL and 40% Incandescent for CFL TechID: CFLscw-3way(26w)
	7.57

	Std_CFLscw-3way(28w)_60pInc-r0248
	Base case cost for mix of 60% CFL and 40% Incandescent for CFL TechID: CFLscw-3way(28w)
	7.70

	Std_CFLscw-3way(29w)_60pInc-r0248
	Base case cost for mix of 60% CFL and 40% Incandescent for CFL TechID: CFLscw-3way(29w)
	7.76

	Std_CFLscw-3way(32w)_60pInc-r0248
	Base case cost for mix of 60% CFL and 40% Incandescent for CFL TechID: CFLscw-3way(32w)
	7.96

	Std_CFLscw-3way(33w)_60pInc-r0248
	Base case cost for mix of 60% CFL and 40% Incandescent for CFL TechID: CFLscw-3way(33w)
	8.02

	Std_CFLscw-3way(40w)_60pInc-r0248
	Base case cost for mix of 60% CFL and 40% Incandescent for CFL TechID: CFLscw-3way(40w)
	8.48


4.2 Measure Costs

The measure costs were taken from the 2016 DEER READI tool.  Please refer to the table below:
Table 7 DEER 2016 Measure Costs

	MeasCostID
	Description
	Single Pack Cost [$]

	CFLscw-3way(18w)
	CFL Lamp: Non-Reflector, 3-Way, 18 Watts
	11.92

	CFLscw-3way(23w)
	CFL Lamp: Non-Reflector, 3-Way, 23 Watts
	12.26

	CFLscw-3way(25w)
	CFL Lamp: Non-Reflector, 3-Way, 25 Watts
	12.39

	CFLscw-3way(26w)
	CFL Lamp: Non-Reflector, 3-Way, 26 Watts
	12.55

	CFLscw-3way(28w)
	CFL Lamp: Non-Reflector, 3-Way, 28 Watts
	12.87

	CFLscw-3way(29w)
	CFL Lamp: Non-Reflector, 3-Way, 29 Watts
	13.03

	CFLscw-3way(32w)
	CFL Lamp: Non-Reflector, 3-Way, 32 Watts
	13.51

	CFLscw-3way(33w)
	CFL Lamp: Non-Reflector, 3-Way, 33 Watts
	13.67

	CFLscw-3way(40w)
	CFL Lamp: Non-Reflector, 3-Way, 40 Watts
	14.79


4.3 Incremental & Full Measure Costs

The incremental measure cost is the difference of the measure cost and the base case cost.  For ROB measures, labor does not need to be included in the calculation of the gross measure cost because it is assumed that the labor to replace the existing lamp will be the same as the labor to replace the new lamp, and thus, there is no differential in labor cost.
The incremental measure cost for ROB measures can be calculated as follows:

∆cost/unit:  The gross measure cost (∆cost/unit) is defined as the difference in costs between the base case and the measure equipment.  Installation labor costs are assumed to be the same.  
For Example: 18W, weighted pack   
X = base case cost = $5.03



                 


    Y = measure equipment cost = $10.08



                                          
∆cost/unit = Y- X = $5.05

The following table shows the incremental cost for 3-way weighted packs:
Table 8 Incremental Measure Costs

	Description
	Incremental Measure for Single Pack Cost ($)

	18 Watt – screw in – 3 way
	4.68

	23 Watt – screw in – 3 way
	4.81

	25 Watt – screw in – 3 way
	4.89

	26 Watt – screw in – 3 way
	4.98

	28 Watt – screw in – 3 way
	5.17

	29 Watt – screw in – 3 way
	5.27

	32 Watt – screw in – 3 way
	5.55

	33 Watt – screw in – 3 way
	5.65

	40 Watt – screw in – 3 way
	6.31
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