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Energy Savings Work Paper 

San Francisco Bay Area Regional Energy Network
At-a-Glance Summary - BayREN01_FlexPath_SF
	Applicable Measure Codes:
	Measure Name: BayREN01_FlexPath_SF_Vintage[1 or 2]; DEER Run ID (for workpapers): 01_F_[vintage]_[climate zone]

	Measure Description: 
	Custom residential single-family detached house retrofit rebate program that offers a menu of efficiency measures.  Each measure is worth a set number of points based upon modeled energy savings; participants conduct a combination of measures that reaches or exceeds 100 points.  

	Energy Impact Common Units: 
	kWh and therms per household 

	Base Case Description:
	Source:  Existing detached Single Family homes in the Bay Area portion of climate zones 2, 3, 4 and 12.  Characteristics for representative building models based on DEER base case
 and RASS
 data.  

	Base Case Energy Consumption: 
	Source:  BayREN calculations for base case rely on calibrated EnergyPro
 models for representative homes in each target  climate zone.  Calibrated EnergyPro to DEER base consumption targets and building characteristics, then used RASS data to update features according to participant demographic.  Base case energy consumption provided by EnergyPro simulation: range: 

6,100 to 8,100 kWh/yr and 520 to 750 therms/yr per home.

	Measure Energy Consumption:
	Source:  Determined interactive effects of multiple energy efficiency measures on a given single-family home based on EnergyPro simulations of measures. Used existing mix of measure packages seen in Los Angeles County Flex Path program as representative of package composition. Range: 5,600 to 7,000 kWh/yr and 440 to 620 therms/yr per home. 

	Energy Savings (Base Case – Measure)
	Source: Based on EnergyPro model of post-retrofit energy consumption for a set of bundled measures.  Range of savings: 410 to 1,100 kWh/yr and 80 to 130 therms/year per retrofit.  

	Costs Common Units: 
	kWh, Therms

	Base Case Equipment Cost ($/unit):
	In the base case no action is taken, so the cost is zero.

	Measure Equipment Cost ($/unit): 
	Source:  Energy Upgrade Participating Contractors 
. The full measure cost averages $4,500 per house retrofit and includes labor, overhead and profit.

	Measure Incremental Cost ($/unit): 
	Source:  Energy Upgrade Participating Contractors. Because the base case involves no action; the measure incremental cost is the full measure cost, including labor, overhead and profit, averaging $4,500 per retrofit.

	Effective Useful Life (years): 
	Source: E3 calculator options for typical Flex Path measures and selection for custom program (PG&E WHUP) in PG&E filing: PG&E 04_Whole Home Upgrade Program_Output.xls similar program ,
 20 years

	Program Type:
	Custom retrofit, downstream mass market residential program

	Net-to-Gross Ratios: 
	Source: E3 calculator options for typical Flex Path measures (EUC Default) and selection for custom program (PG&E WHUP) in PG&E filing:,
   0.85

	Important Comments:
	


At-A-Glance Measure List - BayREN01_FlexPath_SF








	Measure Code
	DEER  Impact ID
	Measure Description
	Building Type
	Building Vintage
	Climate Zone
	Peak Electric Demand Reduction (kW / household)
	Electric Savings (kWh / household)
	Gas Savings (therms / household)
	Base Case Cost ($ / household)
	Measure Cost

($ / household)
	Measure Incremental Cost  ($ / household)
	Effective Useful Life (years)

	BayREN01_FlexPath_SF_Vintage1
	01_F_V1_CZ02
	BayREN Flex Package
	Residential Single Family Detached
	Pre-1979
	2
	1.1
	931
	125
	0
	4,500
	4,500
	20

	BayREN01_FlexPath_SF_Vintage2
	01_F_V2_CZ02
	BayREN Flex Package
	Residential Single Family Detached
	1979-1991
	2
	1.1
	780
	129
	0
	4,500
	4,500
	20

	BayREN01_FlexPath_SF_Vintage1
	01_F_V1_CZ03
	BayREN Flex Package
	Residential Single Family Detached
	Pre-1979
	3
	1.2
	444
	105
	0
	4,500
	4,500
	20

	BayREN01_FlexPath_SF_Vintage2
	01_F_V2_CZ03
	BayREN Flex Package
	Residential Single Family Detached
	1979-1991
	3
	1.2
	409
	123
	0
	4,500
	4,500
	20

	BayREN01_FlexPath_SF_Vintage1
	01_F_V1_CZ04
	BayREN Flex Package
	Residential Single Family Detached
	Pre-1979
	4
	1.1
	649
	95
	0
	4,500
	4,500
	20

	BayREN01_FlexPath_SF_Vintage2
	01_F_V2_CZ04
	BayREN Flex Package
	Residential Single Family Detached
	1979-1991
	4
	0.9
	483
	78
	0
	4,500
	4,500
	20

	BayREN01_FlexPath_SF_Vintage1
	01_F_V1_CZ12
	BayREN Flex Package
	Residential Single Family Detached
	Pre-1979
	12
	1.4
	1000
	124
	0
	4,500
	4,500
	20

	BayREN01_FlexPath_SF_Vintage2
	01_F_V2_CZ12
	BayREN Flex Package
	Residential Single Family Detached
	1979-1991
	12
	1.4
	1076
	105
	0
	4,500
	4,500
	20


At-a-Glance Summary - BayREN01_EUC_Advanced
	Applicable Measure Codes:
	Measure Name: BayREN01_EUC_Advanced;

DEER RunID (workpaper ID#): 01_A

	Measure Description: 
	Performance package of residential single-family detached home retrofit measures designed to improve the overall energy efficiency of the whole house.

	Energy Impact Common Units: 
	kWh and therms per household 

	Base Case Description:
	Not relevant to BayREN claimed savings for increased participation in PG&E WHUP as all savings claims are based upon final inputs to PG&E 04_Whole Home Upgrade Program_Output.xls.  

	Base Case Energy Consumption: 
	Not relevant to BayREN claimed savings for increased participation in PG&E WHUP as all savings claims are based upon final inputs to PG&E 04_Whole Home Upgrade Program_Output.xls.  

	Measure Energy Consumption:
	Not relevant to BayREN claimed savings for increased participation in PG&E WHUP as all savings claims are based upon final inputs to PG&E 04_Whole Home Upgrade Program_Output.xls.  

	Energy Savings (Base Case – Measure)
	Source:  PG&E 04_Whole Home Upgrade Program_Output.xls.  Gross Unit Annual Savings: 1761.2 kWh/yr and 180.6 therms/year per upgade.  

	Costs Common Units: 
	kWh, Therms

	Base Case Equipment Cost ($/unit):
	In the base case no action is taken, so the cost is zero.

	Measure Equipment Cost ($/unit): 
	Source:  PG&E 04_Whole Home Upgrade Program_Output.xls. The full measure cost averages $14,140 per house retrofit and includes labor, overhead and profit.

	Measure Incremental Cost ($/unit): 
	Source:  PG&E 04_Whole Home Upgrade Program_Output.xls. Because the base case involves no action, the measure incremental cost is the full measure cost, including labor, overhead and profit, averaging $14,140 per retrofit.



	Expected Useful Life (years): 
	Source:  PG&E 04_Whole Home Upgrade Program_Output.xls, 20 years

	Program Type:
	Retrofit, Midstream/Downstream mass market residential program

	Net-to-Gross Ratios: 
	Source: PG&E 04_Whole Home Upgrade Program_Output.xls,   0.80 

	Important Comments:
	BayREN Single Family and Financing Program components are projected to result in an additional 960 Advanced Package upgrades within the PG&E Program in 2013-2014.  Energy savings for these upgrades are claimed within the BayREN01 Single Family Program and are based upon inputs taken directly from the PG&E 04_Whole Home Upgrade Program_Output.xls.


At-A-Glance Measure List - BayREN01_EUC_Advanced








	Measure Name
	DEER  RunID
	Climate Zone
	Measure Description
	Building Type
	Building Vintage
	Peak Electric Demand Reduction (kW / household)
	Electric Savings (kWh / household)
	Gas Savings (therms / household)
	Base Case Cost ($ / household)
	Measure Cost

($ / household)
	Measure Incremental Cost  ($ / household)
	Effective Useful Life (years)

	BayREN01_EUC_Advanced
	01_A
	System
	Advanced Whole House Upgrade Program retrofit
	Residential Single Family Detached
	All
	2.198
	1761.2
	180.6
	0
	14,140
	14,140
	20
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Section 1. General Measure & Baseline Data – Flex Package
1.1 Measure Description & Background

Catalog Description 

The BayREN Single Family subprogram is a mid/downstream program that will address each detached single-family residential home as a whole system rather than as a collection of separate components. The program will improve building performance in the San Francisco Bay Area through two strategies: offering a Flex Package Rebate program as discussed in Sections 1-4, and increasing participation in the PG&E Whole House Program (WHUP) as discussed in Sections 5-8. 

BayREN will implement a Flex Package Rebate program that offers a menu of efficiency measures, each assigned weighted points based upon modeled energy savings, that must be bundled together to achieve a point total of 100.  Flex Package measures will save more than 17% of total household energy consumption when averaged across all expected participants in the Bay Area.  
Program Restrictions and Guidelines

Terms and Conditions: Applicant must be a current PG&E gas and/or electric residential customer. Not available for new construction. A PG&E Energy Upgrade California Participating Contractor that is appropriately licensed in accordance with applicable building codes must perform the upgrade work. Homes must meet pre-upgrade standards, which vary by measure (e.g., to qualify for points for the attic insulation measure, a home must have less than R-11 prior to installation). 
Market Applicability: Applies to single-family, owner-occupied residences within the Association of Bay Area Governments (ABAG) region of the PG&E service territory.  It is expected that Flex Package will appeal to moderate-income households based upon Flex Package project pre-rebate costs averaging $4,500.

Technical Description

A whole house upgrade typically consists of a set of residential energy retrofit measures ranging from a few efficiency measures completed in combination up to and beyond a full retrofit, which could include heating/cooling appliance upgrades and conversion of a significant part of the home’s lighting.  A Flex Package upgrade includes customer/contractor identified improvements selected from a menu of 17 eligible efficiency measures typically included in whole house upgrade scopes of work; the Flex Package is the primary focus of this work paper.  
To determine the expected energy savings for a typical package with the Flex Package program, we adapted the calculation methodology recommended by the Commission reviewer during work paper development for the 2010–2012 Whole House Retrofit Program (now the WHUP) prescriptive program (See Appendix A-1). For energy savings estimation purposes, the Whole House Retrofit Program is similar to Flex Package in that multiple measures are to be completed under each project, and thus, the interactive effects of the measures need to be taken into account. To determine the average energy savings for the program from a given climate zone and vintage combination, the average total package savings was weighted by how common the package was in the Los Angeles County Flex Path program. A weighted average was calculated for the four Bay Area climate zones, using the number of detached single-family units per climate zone to weight the savings for each zone
.
Table 1. Description for a Flex Path Energy Retrofit
	Whole House Retrofit Category
	Menu of Eligible Job Scope Elements*

	Flex Package Upgrades
(approx. $3k – 6k)4
	· Attic Insulation & Sealing

· Attic Radiant Barrier

· Air Sealing

· Wall Insulation

· Crawlspace Insulation

· Replace Furnace

· Replace A/C*

· Replace Heat Pump

· Whole House Fan

· Thermostat (no setback to setback)

· Duct insulation & sealing

· Duct replacement (in place of insulation/sealing)

· Replace Windows

· DWH replacement (gas to gas)

· DWH replacement (gas to tankless)

· Pipe Wrap for DWH

· Low Flow Showerhead/Aerators

· Lighting Fixtures

· Cool roof (R-11 to R-38)


Note: The job scope may also include safety-related elements, such as carbon monoxide detector installation.

The improvements listed in Table 1 will be provided to the homeowner as a menu of eligible measures, with the improvement targets indicated in Table 2 yielding weighted points based upon average modeled energy savings for each eligible measure. Projects must bundle measures to achieve a minimum of 100 points to be eligible for Flex Package. For projects incorporating multiple measures that vastly exceed 100 points, homeowners may wish to consider the PG&E WHUP Advanced Package. Those homeowners that want to pursue the PG&E WHUP Advanced Package will be referred to a home performance contractor that can provide a home assessment and recommend an appropriate customized scope of work. 
Table 2.  Eligibility Criteria for Flex Packages
	Attribute
	Target retrofit value

	Attic Insulation & Sealing
	≥ R-38 

	Attic Radiant Barrier
	Continuous rolled or prelaminated

	Air Sealing
	CFM50 ≤ 1100

	Wall Insulation
	≥ R-13

	Crawlspace Insulation
	≥ R-11

	Replace Furnace
	Gas-fired; AFUE ≥ 0.95

	Replace A/C*
	≥ 15 SEER 11 EER

	Replace Heat Pump
	≥ 8 HSPF, 15 SEER 11 EER

	Whole House Fan
	ENERGY STAR® whole house fan

	Thermostat (no setback to setback)
	ENERGY STAR® or Energy Aware programmable thermostat(s)

	Duct insulation & sealing
	Leakage ≤ 15%; ≥ R-8

	Duct replacement (in place of insulation/sealing)
	Leakage ≤ 15%; ≥ R-8

	Replace Windows
	U-Factor ≤ 0.40; SHGC ≤ 0.30

	DWH replacement (gas to gas)
	Gas-fired; EF ≥ 0.62

	DWH replacement (gas to tankless)
	Gas-fired; EF ≥ 0.82 

	Pipe Wrap for DWH
	Wrapped

	Low Flow Showerhead/Aerators
	Showerhead ≤ 1.5 gpm at 60 psi; bathroom faucets ≤ 1.5 gpm at 60 psi; kitchen faucets ≤ 2.2 gpm at 60 psi

	Lighting Fixtures
	3 ENERGY STAR® CFL fixtures or 3 ENERGY STAR® LED fixtures

	Cool roof (R-11 to R-38)
	All of the following requirements must be met for ≥ 75% of the roof over conitioned space; ≥ R-38; Low slope (≤ 2:12): SRI ≥ 70, Thermal Eittance Factor ≥ 0.85; Steep slope (> 2:12): SRI ≥ 40; Thermal Emittance Factor ≥ 0.85


1.2 DEER Differences Analysis

As part of the accepted methodology from the 2010-2012 Whole House Report Program prescriptive path review (See Appendix A-1), DEER existing house conditions were used to build a calibrated EnergyPro model.  Thus, the starting conditions and base energy use listed in DEER for each climate zone and vintage under consideration were used to build EnergyPro models that matched the target kWh and therms usage as the DEER base case.  For the purpose of this analysis, it was assumed that agreement below 10% would serve as a calibrated EnergyPro model.  Then, the RASS 2009 database was used to adjust the square footage and attic insulation levels for the targeted demographic.  The adjusted models were then used to model the various measures available within the program, according to the eligibility criteria for each.  
1.3 Codes & Standards Requirements Analysis

Title 20: Flex Package eligible measures do not fall under Title 20 of the California Energy Regulations.  

Title 24: Title 24 of the California Energy Regulations covers new construction and major retrofits.  A Flex Package upgrade is not covered by Title 24.

Federal Standards: Because it is a retrofit, this package of measures does not fall under Federal DOE or EPA Energy Regulations.  

1.4 EM&V, Market Potential, and Other Studies
The existing Los Angeles Flex Path program served as a model program for the design and analysis of the BayREN Flex Package program.  This program focused on single-family detached homes that were not low-income households (i.e., above $35k/yr income) within the Bay Area. To determine the average energy savings for the program from a given climate zone and vintage combination, the average total package savings was weighted by how common the package was in the Los Angeles County Flex Path program. 

Delta Wattage Assumption (ΔW): In this version of the BayREN Single Family Flex Package work paper, no delta wattage is claimed.

Net-to-Gross (NTG) Assumption:  The net-to-gross ratio for this measure falls in the category “New Measures or New Delivery Methods Where no Previous NTG results are Available” for which the NTG ratio is 0.85.5 

In-service factor/first year installation rate:  Because this is a service measure, the in-service factor is 1.0 (all relevant parts of the measure are completed at the time of installation).

Hours of Operation: Appropriate schedules for heating, ventilation, and air conditioning (HVAC) operation are included in the EnergyPro modeling software for residential service, and thus are reflected in the savings tables.

Effective Useful Life: 20 years based on lifetime for typical measure in the program.
1.5 Base Cases for Savings Estimates: Existing & Above Code
An EnergyPro model was created for each climate zone and vintage range (pre-1978 and 1978–1992), and calibrated against the Existing regulatory approved values database specifications for such single family detached homes. The DEER -eQUEST Wizard Defaults Single Family Properties Table
 was used as the starting conditions of the house for each climate zone and vintage range. The following information was used to build the initial EnergyPro models: Total floor area, number of stories, occupants, floor type, glass area (% floor), cooling SEER heating AFUE, 1-story home supply duct leakage (%), infiltration air changes per hour, floor overall R-value, effective supply duct R value, effective return duct R value, wall cavity R-value, and roof cavity R-value (electric/gas). 

As an example, Table 3 lists the modeling base conditions used for Climate Zone 2, Vintage 1.  All modeling base conditions by climate zone and vintage are listed in Appendix C Tab of the 01_BayREN SingleFamily_2012-0829 workbook.

Table 3: Base Case Starting Conditions (Climate Zone 2, Vintage 1)

	Attribute
	Climate Zone 2, Vintage 1 Base  case assumptions

	Total Floor Area
	1591

	Number of Stories
	1

	Occupants
	3

	Floor Type
	Raised

	Glass Area (% floor)
	14%

	Cooling SEER
	SEER 10, 36,000 Btu/hr, 

	Heating AFUE
	78% AFUE, 100,000 Btu/hr 

	1-Story Home Supply +Return Duct Leakage (%)
	30% 

	Infiltration Air Changes Per Hour
	0.35 ACHn

	Floor Overall R-Value
	R-5.509 

	Effective Supply Duct R
	R-2.8

	Effective Return Duct R
	R-2.8

	Wall Cavity R-Value
	R-8.4

	Roof Cavity R-Value (Gas and Electric)
	R-20.2


To be sure that the models provide results that are consistent with DEER, the energy use results of the base EnergyPro models were compared with the DEER values from the MISer tool to produce energy use values consistent within 10% of the DEER base energy use values. This was accomplished by slightly altering pre retrofit conditions such as the Domestic Hot Water energy factor, winter indoor temperature, summer indoor temperature, dryer type (gas vs. electric), thermostat setting, amount of pipe insulation, and so forth. Once the corresponding EnergyPro model was shown to achieve results within 10% of the base kWh and therms use listed in DEER, as shown in Table 4, a copy of the DEER base case model for each climate zone and vintage range was saved without improvements. 

Table 4.    Calibrated DEER Energy Usage by Climate Zone and Vintage
	RUN ID #
	Climate Zone
	Vintage 
(1=Pre 1978; 2= 1978-1992)
	DEER Baseline Energy Usage
	Calibrated DEER base model within 10%
	Calibrated Energy Usage Difference (%)

	 
	
	
	kWh
	Therm
	kWh
	Therm
	

	01_F_V1_CZ2
	2
	1
	5717.39
	594.045
	6248
	590
	8.49%
	0.69%

	01_F_V2_CZ2
	2
	2
	6557.02
	624.502
	6102
	626
	7.46%
	0.24%

	01_F_V1_CZ3
	3
	1
	5453.9
	566.219
	5961
	561
	8.51%
	0.93%

	01_F_V2_CZ3
	3
	2
	6323.43
	584.779
	6287
	607
	0.58%
	3.66%

	01_F_V1_CZ4
	4
	1
	5863.24
	501.352
	6365
	539
	7.88%
	6.98%

	01_F_V2_CZ4
	4
	2
	6838.1
	512.771
	6353
	544
	7.64%
	5.74%

	01_F_V1_CZ12
	12
	1
	6125.94
	540.147
	6713
	584
	8.75%
	7.51%

	01_F_V2_CZ12
	12
	2
	6609.52
	549.827
	7042
	514
	6.14%
	6.97%


Lastly, we modified the DEER base case EnergyPro model based on the KEMA RASS database results for a target home in the program. The RASS database was used to determine the average square footage and insulation levels for these homes based on the characteristics of participants.  

In particular, we focused on single-family detached homes that were not low-income households (i.e., above $35k/yr income). This income level is a conservative estimate, as it has been found that participants in the programs have been middle income and higher households.  Low income residents are expected to participate in direct install programs with little or no cost for participation rather than this program, with an average project cost of $4,500.
The following screening criteria were applied to RASS data for homes in PG&E territory: 

· single-family detached (multi-family and low-income  will be served under different, separate programs) 

· annual household income of $35,000 and above (low income residences are served by a separate program)

· building age (Vintage 1: up to 1977; Vintage 2:1978-1992) 

We then applied the average RASS values for attic insulation and square feet to each DEER base case EnergyPro model. The final conditions of the EnergyPro models are presented in Table 5 and the RASS base case model for each climate zone and vintage range was saved without improvements. 

	RUN ID #
	Climate Zone
	Vintage 
(1=Pre 1978; 2= 1978-1992)
	Final base model
 (RASS-adjusted base model)

	 
	
	
	kWh
	Therm

	01_F_V1_CZ2
	2
	1
	7900
	748

	01_F_V2_CZ2
	2
	2
	7495
	750

	01_F_V1_CZ3
	3
	1
	6657
	681

	01_F_V2_CZ3
	3
	2
	7235
	727

	01_F_V1_CZ4
	4
	1
	7564
	641

	01_F_V2_CZ4
	4
	2
	6103
	523

	01_F_V1_CZ12
	12
	1
	7902
	695

	01_F_V2_CZ12
	12
	2
	8106
	591


Table 5.  Final Base Model Energy Usage by Climate Zone and Vintage
The Flex Package measures were modeled independently in EnergyPro using the aforementioned RASS adjusted base case models as the pre-retrofit conditions.  All pre-retrofit conditions remained unchanged, unless the specific measure called for a different starting condition than that contained within the RASS house. The following table lists the pre-retrofit starting conditions by measure. 
Table 6. Flex Package Pre-Retrofit and Post-retrofit measure conditions

	Retrofit Measure
	Pre-Retrofit Conditions
	Post-Retrofit Conditions

	Attic Insulation 
	R-5 
	R-38

	Radiant Barrier 
	R-0 
	R-0 Continuous

	Radiant Barrier 
	R-0 
	R-0 Sheathing

	Cool Roof 
	R-5 
	R-38 Cool Roof

	Wall Insulation 
	R-0
	R-13

	Building leakage 
	0.50 ACHn
	 0.35 ACHn

	Replace Windows 
	Single Metal Clear
	Vinyl Low E

	Replace furnace 
	.78 AFUE
	0.95 AFUE

	Replace AC ( 10 SEER 6 EER)
	10 SEER 6 EER
	15 SEER 11 EER

	Replace Heat Pump
	5.6 HSPF. 10 SEER 6 EER
	8 HSPF. 15 SEER 11 EER

	Duct sealing 
	28% 
	6%

	Duct insulation 
	R-4 
	R-8

	Duct replacement 
	R-4, 28%
	R-8, 6%

	Crawlspace Insulation (R-6 to R-11)
	R-6
	R-11

	Domestic Hot Water (DHW)
	0.525 EF
	0.620 EF

	Domestic Hot Water (DHW) 
	gas-fired to 0.525 EF
	tankless 0.88 EF

	Thermostat 
	No setback
	Setback


1.6 Base Cases & Measure Effective Useful Lives

The base case for the Flex Package measure assumes no action is taken. The Flex Package is considered a retrofit. Based on DEER effective useful lives of building envelope measures commonly included in the Flex Package program—such as attic insulation—an EUL of 20 years was chosen for this program.

1.7 Net-to-Gross Ratios for Different Program Strategies 

For the Flex Package program, the “EUC Default” option was selected for the NTG ration, which corresponds to an NTG of 0.85.  This is consistent with other custom programs that have been proposed within the context of Energy Upgrade California.
Section 2. Calculation Methods

2.1 Electric Energy Savings Estimation Methodologies
All measures were calculated independently in the EnergyPro energy modeling system as noted above rather than relying on DEER results alone. 

In order to determine the expected energy savings for a typical package with the Flex Package program rate for electricity and natural gas by vintage, we used EnergyPro software to model each measure independently in that respective climate zone to represent the pre-retrofit baseline. The results for a typical package with the Flex Package program are shown in Table 7.    The assumptions and results from the EnergyPro analysis are provided in the supporting spreadsheet document for this workpaper: 01_BAYREN SingleFamily_2012-829.xlsx.  In order to align these results with the CPUC-accepted methodology, a calibrated EnergyPro model was created using DEER measure data and RASS survey data for square footage and attic insulation.  Then, each of the measures was simulated in the calibrated EnergyPro model. Note that homes without central air conditioning are not expected to achieve the same level of electric savings.

Table 7. Annual Electricity Savings by Climate Zone and Vintage

	Run ID #
	Climate Zone
	Vintage Number

( 1=Pre 1978;

2= 1978-1992)
	Gross Unit Annual Electricity Savings (kwh/unit)

	01_F_V1_CZ2
	2
	1
	931

	01_F_V2_CZ2
	2
	2
	780

	01_F_V1_CZ3
	3
	1
	444

	01_F_V2_CZ3
	3
	2
	409

	01_F_V1_CZ4
	4
	1
	649

	01_F_V2_CZ4
	4
	2
	483

	01_F_V1_CZ12
	12
	1
	1000

	01_F_V2_CZ12
	12
	2
	1076


These results are based on EnergyPro simulations calibrated against DEER values and adjusted to fall within 10% of baseline Average Energy Usage. The house characteristics are based on the DEER characteristics and RASS survey data for average attic insulation and square footage.

Note that actual savings in a given house can vary because there is a wide variability in the characteristics of participating homes. For example, in milder climate zones, households use much less air conditioning, with some homes using no air conditioning at all.  
It is important to note that the expected participants are not likely to be homeowners that have already upgraded the energy efficiency of their home, but are likely to be homeowners that perceive a need for upgrading their energy efficiency, whether due to high energy bills or dissatisfaction with the comfort of their home or both.  As a result, the typical participant is likely to have worse-than-average efficiency in his/her home, and thus would achieve energy savings greater than shown in Table 6 through this retrofit program.  Applicant must be a current PG&E gas and/or electric residential customer. Not available for new construction. A PG&E Energy Upgrade California Participating Contractor that is appropriately licensed in accordance with applicable building codes must perform the work. Homes must meet pre-upgrade standards, which vary by measure (e.g., to qualify for points for the attic insulation measure, a home must have less than R-11 prior to installation).
2.2. Demand Reduction Estimation Methodologies

The modeled avoided kW is provided in Table 8.
Table 8. Avoided kW per unit by Climate Zone and Vintage
	Run ID #
	Climate Zone
	Vintage Number

( 1=Pre 1978;

2= 1978-1992)
	User Entered kW avoided per unit (kW/unit)

	01_F_V1_CZ2
	2
	1
	1.1

	01_F_V2_CZ2
	2
	2
	1.1

	01_F_V1_CZ3
	3
	1
	1.2

	01_F_V2_CZ3
	3
	2
	1.2

	01_F_V1_CZ4
	4
	1
	1.1

	01_F_V2_CZ4
	4
	2
	0.9

	01_F_V1_CZ12
	12
	1
	1.4

	01_F_V2_CZ12
	12
	2
	1.4


2.3. Gas Energy Savings Estimation Methodologies

The energy savings calculation methodology described in Section 2.1 applies to both electricity and gas energy savings.  Results are listed in Table 9: 
Table 9. Annual Gas Savings by Climate Zone and Vintage
	Run ID #
	Climate Zone
	Vintage Number

(1=Pre 1978;

2= 1978-1992)
	Gross Unit Annual Gas Savings (therm/unit)

	01_F_V1_CZ2
	2
	1
	125

	01_F_V2_CZ2
	2
	2
	129

	01_F_V1_CZ3
	3
	1
	105

	01_F_V2_CZ3
	3
	2
	123

	01_F_V1_CZ4
	4
	1
	95

	01_F_V2_CZ4
	4
	2
	78

	01_F_V1_CZ12
	12
	1
	124

	01_F_V2_CZ12
	12
	2
	105


2.4. Combined Energy Savings Estimation Methodologies

To determine the average Flex Package project energy savings, we used the distribution of packages from the current Flex Path program running in Los Angeles County. That program has over 550 packages within the past year (which by now has over 1000 packages), and it was assumed that a Flex Package program in the BayREN program would encounter a similar distribution of projects. The overall program energy savings by vintage and climate zone is provided in Table 10.

Table 10.  Average Weighted Energy Savings by Climate Zone and Vintage
	Run ID #
	Climate Zone
	Vintage Number

(1=Pre 1978;

2= 1978-1992)
	Averaged Weighted Energy Savings (%)

	01_F_V1_CZ2
	2
	1
	14.44%

	01_F_V2_CZ2
	2
	2
	14.90%

	01_F_V1_CZ3
	3
	1
	12.88%

	01_F_V2_CZ3
	3
	2
	13.92%

	01_F_V1_CZ4
	4
	1
	12.52%

	01_F_V2_CZ4
	4
	2
	12.46%

	01_F_V1_CZ12
	12
	1
	15.20%

	01_F_V2_CZ12
	12
	2
	15.67%


Table 11 is a chart of Energy Pro results for a house with aforementioned assumptions. Each of the following retrofit measures was calculated separately in Energy Pro. The energy savings percentage by measure (Column D) was determined from the kWh and therms saved, as reported by EnergyPro, by converting each to BTUs, adding them, and dividing by the pre-retrofit BTU load.  
Table 11.  Energy Savings Used in Package Energy Savings Calculations

(Climate Zone 2, vintage 1 = pre-1978 homes)

	 Retrofit Measure
	Overall % saved
	kWh start
	kWh saved
	kW start
	kW saved
	therms start
	therms saved

	Air sealing
	2.69%
	8455
	18
	7.4
	0.16
	814.0
	29

	Attic insulation
	8.32%
	7900
	841
	6.9
	0.55
	748.0
	56

	Attic radiant barrier*
	5.32%
	8437
	692
	7.3
	0.76
	785.0
	34

	Cool roof
	7.66%
	7900
	1347
	7.3
	1.83
	748.0
	32

	Crawlspace insulation
	2.53%
	8439
	1
	7.3
	0.05
	781.0
	27

	DHW replacement (gas tank to gas tank)
	3.94%
	8437
	0
	7.3
	0.00
	829.0
	44

	DHW replacement (gas tank to tankless)
	9.31%
	8437
	0
	7.3
	0.00
	829.0
	104

	Duct insulation
	2.80%
	8365
	101
	7.2
	0.15
	766.0
	26

	Duct insulation + sealing
	13.63%
	8309
	703
	7.1
	1.20
	758.0
	118

	Duct replacement
	13.63%
	8309
	703
	7.1
	1.20
	758.0
	118

	Duct sealing
	10.38%
	8386
	600
	7.2
	1.04
	778.0
	90

	Replace A/C
	2.82%
	8437
	888
	7.3
	1.49
	785.0
	0

	Replace furnace
	8.76%
	8437
	0
	7.3
	0.00
	785.0
	94

	Replace windows
	14.71%
	16951
	3598
	7.3
	1.49
	256.0
	0

	Thermostat (No setback to setback)
	15.82%
	8585
	1279
	7.5
	0.36
	887.0
	143

	Wall insulation
	2.90%
	10904
	298
	8.4
	0.00
	877.0
	26


Using these values shown in Table 12, a Flex Path package energy savings were determined by calculating the interactive effects of each measure when combined in the packages seen in the ongoing Los Angeles County Flex Path program.  The approach shown in Table 12 is an example of this process where the total energy savings and kW avoided is based on the fraction of kWh, therms and kW removed by each retrofit measure, and then using the reduced kWh, therms, and kW consumption level as the basis for reduction by the second and third measures.   The combinations were chosen based on the nearly 550 projects in the pipeline as of June 2012.  
Table 12. Combined Measures’ Energy Savings
(Climate Zone 2, vintage 1 = pre-1978 homes)

	Measure Combination
	
	% savings
	kWh start
	kWh saved
	kW start
	kW saved
	therms start
	therms saved

	Crawlspace insulation + Attic insulation & sealing 
	Final Savings
	13.0%
	 
	858
	 
	0.7
	 
	107

	Crawlspace insulation
	savings from 1st measure
	2.5%
	8439
	1
	7.25
	0.05
	781
	27

	Attic insulation
	savings from 2nd measure
	8.3%
	7900
	841
	6.88
	0.55
	748
	56

	Air sealing
	savings from 3rd measure
	2.7%
	8455
	18
	7.42
	0.16
	814
	29


EnergyPro savings estimates for the entire program were applied to combinations of measures based on the nearly 559 retrofit applications that have been submitted to the Los Angeles County Flex Path program to determine the average energy savings across all projects in the sample.  The weighted savings for each combination of measures is determined by multiplying the combined effect of the measures by the number of projects installing that combination of measures.  The results of this analysis are shown in Table 13 below.

Table 13.  Example Top 20 measure package savings in BayREN Flex Program

	Measure Combination*
	# of Projects
	% energy

	ENERGY STAR or Energy Aware programmable thermostat  + Duct insulation & sealing OR Duct replacement 
	108
	16.13%

	Crawlspace insulation  + Attic insulation & sealing 
	88
	13.04%

	Replace existing furnace with new ENERGY STAR furnace  + ENERGY STAR or Energy Aware programmable thermostat  + Pipe wrap for domestic hot water heating 
	50
	11.40%

	Replace existing furnace with new ENERGY STAR furnace  + Replace existing central AC with new central AC 
	46
	11.34%

	Attic insulation & sealing  + Duct insulation & sealing OR Duct replacement 
	45
	22.95%

	Replace existing central AC with new central AC  + ENERGY STAR or Energy Aware programmable thermostat  + Pipe wrap for domestic hot water heating 
	20
	5.64%

	Duct insulation & sealing OR Duct replacement  + Pipe wrap for domestic hot water heating 
	19
	13.63%

	Attic insulation & sealing  + Duct insulation 
	13
	13.28%

	Attic insulation & sealing  + Attic radiant barrier  + Pipe wrap for domestic hot water heating 
	8
	15.54%

	Wall insulation  + Attic insulation & sealing 
	8
	25.17%

	Duct insulation & sealing OR Duct replacement  + Low-flow showerhead with thermostatic shut-off valve & faucet aerators 
	7
	13.63%

	Replace existing furnace with new ENERGY STAR furnace  + Pipe wrap for domestic hot water heating  + ENERGY STAR lighting fixtures 
	7
	8.76%

	Wall insulation  + Pipe wrap for domestic hot water heating  + Low-flow showerhead with thermostatic shut-off valve & faucet aerators 
	7
	16.13%

	Replace existing central AC with new central AC  + Duct insulation & sealing OR Duct replacement 
	6
	16.07%

	Duct insulation & sealing OR Duct replacement  + ENERGY STAR lighting fixtures 
	5
	13.63%

	Replace existing furnace with new ENERGY STAR furnace  + ENERGY STAR or Energy Aware programmable thermostat  + Duct insulation & sealing OR Duct replacement 
	5
	23.48%

	Attic insulation & sealing  + Replace existing central AC with new central AC 
	4
	13.31%

	Replace existing central AC with new central AC  + ENERGY STAR or Energy Aware programmable thermostat  + Low-flow showerhead with thermostatic shut-off valve & faucet aerators 
	4
	5.64%

	Replace existing central AC with new central AC  + Low-flow showerhead with thermostatic shut-off valve & faucet aerators  + ENERGY STAR lighting fixtures 
	4
	2.82%

	Replace existing furnace with new ENERGY STAR furnace  + ENERGY STAR or Energy Aware programmable thermostat  + ENERGY STAR lighting fixtures 
	4
	11.40%

	AVERAGE WEIGHTED ENERGY SAVINGS (overall program):
	 
	14.44%


Note: A complete list of measure combinations can be found in the supporting documentation Excel file: 01_BAYREN SingleFamily_2012-0829.xlsx.  
Table 13 uses the results of Table 12, Combined Measures’ Energy Savings, and weights the savings based on the quantity of such projects in the pipeline.  The final result is a weighted average Flex Package project energy savings of about 14.44%.  Note that this analysis uses measure data from actual projects in the LA County Flex Path program pipeline, and we assume this distribution of measures will be similar for the Bay Area. 
2.4.1 Calculation Methodology for interactive effects calculation. 
The formula below calculates the percent of total energy savings for a given set of measures, when considering the interactive effect:

100% - [(100% - % energy savings from Measure #1) x (100% - % energy savings from Measure #2) x …] 
= Percent of Total Energy Saved
Thus, the final % savings for a certain package (Table 13) is determined by multiplying each measure's individual effect on energy use in turn.  This is the interactive effect of all measures in the retrofit.

For example, for a package with measures that save 1%, 5%, and 10%, the percent total energy saved is found by applying each measure’s individual energy savings to the household's remaining energy budget after each measure is applied.

So, after measure 1, it will use 99% of the energy it used before the retrofit: 

( 100% – 1% )  = 99% 

Then apply the savings percent from Measure 2 to the percent of household energy remaining after Measure 1: 

 99% * (100%-5%) = 99% * 95%

Then apply Measure 3: 

99% * 95% * (100%-10%) = 99% * 95% * 90%

Finally, subtract the result from 100% to get the percent total saved: 


100% - (99% * 95% * 90%) = 15.4% saved
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 HVAC 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 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 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 market sector and the HVAC end-use. 

Section 4. Base Case & Measure Costs

4.1 Base Case(s) Costs

In the base case, no action is taken and therefore the cost is zero.

4.2 Measure Costs

As shown in Table 1, the expected cost of the Flex Package ranges between $3,000 and $6,000, depending upon the level of effort and material needed to accomplish the targets listed in Table 2.  An average value that may be used is $4,500, which includes both materials and labor.

4.3 Incremental & Full Measure Costs

Because the base case cost is zero, the incremental and full measure costs are the same: between $3,000 and $6,000, with an average of $4,500.
Section 5. General Measure & Baseline Data – Advanced Package
5.1 Measure Description & Background

Catalog Description 

The BayREN Single Family Advanced Package subprogram is a custom mid/downstream program that will address each detached single-family residential home as a whole system rather than as a collection of separate components. The program will improve building performance in the Bay Area through two strategies: offering a Flex Package Rebate program as discussed in Sections 1-4, and increasing participation in the PG&E Whole House Program (WHUP) as discussed Sections 5-8.   

BayREN will drive increased participation in the PG&E Whole House Upgrade Program (WHUP).  Energy savings claimed by BayREN for the increased PG&E WHUP participation are based upon PG&E WHUP savings.  

Program Restrictions and Guidelines

Terms and Conditions: Applicant must be a current PG&E gas and/or electric residential customer. Not available for new construction. A PG&E Energy Upgrade California Participating Contractor that is appropriately licensed in accordance with applicable building codes must perform the work.

Market Applicability: Applies to single-family, owner-occupied residences within the PG&E service territory.  It is expected that the Advanced Package will appeal to moderate- to moderate-high income households.

Technical Description and Programmatic Approach
A whole house upgrade typically consists of a set of residential energy retrofit measures ranging from a few efficiency measures completed in combination up to and beyond a full retrofit, which could include heating/cooling appliance upgrades, conversion of a significant part of the home’s lighting and possibly even appliances.  PG&E WHUP upgrades are typically whole house “performance” upgrades modeled via Energy Pro to deliver a level of energy savings specific to that building and the installed scope of work. 

BayREN is claiming savings for the BayREN01 Single Family program based upon an additional 960 Advanced Package upgrades that BayREN activities will drive within the PG&E WHUP in 2013-2014.   This increased market penetration is based upon:
· Reported monthly average of PG&E Advanced Projects in ABAG Territory:

· PG&E has reported an average of less than 100 completed Advanced Package upgrades per month since local government activities funded through the CEC Retrofit Bay Area program ceased in March, 2012; Total completed jobs as of March, 2012: 1029; Total Completed jobs as of July, 2012: 1378.
· This yielded a projected baseline for the PG&E Advanced Package of 1125 upgrades in 2013 and 1100 upgrades in 2014 at existing levels of uptake for the PG&E Whole House Program.

· BayREN program components not currently a part of the PG&E Whole House Program that will drive increased participation, including:

· BayREN Single Family subprogram marketing activities proven to be effective during the CEC Retrofit Bay Area State Energy Program that will support the PG&E Advanced Package

· BayREN Home Upgrade Advisor activities that will directly facilitate increased customer participation in the PG&E Advanced Package; PG&E's current Whole House Program does not offer this direct one-on-one customer interaction

· BayREN Financing subprogram initiatives being available in 2013 Q3; PG&E's current Whole House Program does not provide accessible financing options

· Audit incentives for eligible PG&E Advanced Package upgrades proven to effectively drive increase upgrade participation through the  CEC Retrofit Bay Area State Energy Program

5.2 Analyses, Studies, and Base Cases not included within E3 Inputs

As BayREN-claimed savings are based upon inputs from the “PG&E subprogram E3 Calculator Without Spill Over for the 01_Statewide Residential Program,” 04_Whole Home Upgrade Program_Output.xls, the following analyses, studies, and base cases have not been documented by BayREN and are assumed from PG&E WHUP work papers: 

· DEER Differences Analysis

· Codes & Standards Requirements Analysis

· Title 20 

· Title 24 
· Federal Standards 

· EM&V, Market Potential, and Other Studies

· Base Cases for Savings Estimates: Existing & Above Code

5.3 Base Cases & Measure Expected Useful Lives

The base case for the PG&E WHUP assumes no action is taken. The WHUP is considered a retrofit.  Based upon the PG&E subprogram E3 Calculator Without Spill Over for the 01_Statewide Residential Program 04_Whole Home Upgrade Program_Output.xls, effective useful lives for BayREN claimed PG&E WHUP upgrades are listed in Table 4.

Table 14: PG&E WHUP EUL
	Measure
	EUL

	WHOLE HOUSE-BASIC-AND-ADV
	20


5.4 Net-to-Gross Ratios for Different Program Strategies 

Table 5 summarizes the Net-to-Gross ratios BayREN utilized for this measure as taken directly from the PG&E subprogram E3 Calculator Without Spill Over for the 01_Statewide Residential Program 04_Whole Home Upgrade Program_Output.xls.
Table 15: PG&E WHUP Net-to-Gross Ratios

	Program Approach
	NTG

	Net-to-Gross Ratio - kWh5
	0.85

	Net-to-Gross Ratio -Therms5
	0.85


Section 6. Calculation Methods – Advanced Package
6.1 Electric Energy Savings Estimation Methodologies
BayREN claimed per project electric energy savings for BayREN activities that drive increased participation in the PG&E WHUP are taken directly from the PG&E subprogram E3 Calculator Without Spill Over for the 01_Statewide Residential Program 04_Whole Home Upgrade Program_Output.xls.
Table 16: Annual Electricity Energy Savings for Average Participant in PG&E Territory
	Gross Unit Annual Electricity Savings (kwh/unit)

	1761.2


6.2. Demand Reduction Estimation Methodologies

BayREN claimed per project demand reductions for BayREN activities that drive increased participation in the PG&E WHUP are taken directly from the PG&E subprogram E3 Calculator Without Spill Over for the 01_Statewide Residential Program 04_Whole Home Upgrade Program_Output.xls.
Table 17: Peak Demand Savings for Average Participant with Central Air Conditioning in PG&E Territory
	User Entered kW Savings per unit (kW/unit)

	2.198


6.3. Gas Energy Savings Estimation Methodologies

BayREN claimed per project gas energy savings for BayREN activities that drive increased participation in the PG&E WHUP are taken directly from the PG&E subprogram E3 Calculator Without Spill Over for the 01_Statewide Residential Program 04_Whole Home Upgrade Program_Output.xls.
Table 18: Annual Gas Energy Savings for Participants in PG&E Territory
	Gross Unit Annual Gas Savings (therm/unit)

	180.6


Section 7. 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.

7.1 Base Case Load Shapes

The base case load shape would be expected to follow a typical residential HVAC end-use load shape.

7.2 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 and would be the preferred load shape for use in the net benefits calculations.  

As BayREN claimed savings are based upon PG&E G&E subprogram E3 Calculator Without Spill Over for the 01_Statewide Residential Program 04_Whole Home Upgrade Program_Output.xls, the measure load shape for this measure matches PG&E’s identified residential market sector and the HVAC Efficient Air Conditioning  (HVAC_Eff_AC) end-use. 
Table 20: PG&E WHUP Electric End Use Shape
	Measure Electric End Use Shape

	DEER:HVAC_Eff_AC


Section 8. Base Case & Measure Costs

8.1 Base Case(s) Costs

In the base case, no action is taken and therefore the cost is zero.

8.2 Measure Costs

As BayREN claimed savings are based upon PG&E G&E subprogram E3 Calculator Without Spill Over for the 01_Statewide Residential Program 04_Whole Home Upgrade Program_Output.xls, the measure costs for this measure matches PG&E’s identified gross measure costs. 
Table 21: PG&E WHUP Gross Measure Costs
	Gross Measure Cost (Total Cost for Retrofit, Incr Cost for New/ROB) ($/unit)

	$14,140


8.3 Incremental & Full Measure Costs

Because the base case cost is zero, the incremental and full measure costs are the same: $14,140.

Section A-1. CPUC Reviewer Methodology from 2010-12 WHRP Prescriptive Path Workpaper Review (June 2010)
The following guidance document form the 2010 review of the Whole House Retrofit Program prescriptive workpapers describes and approach for using simulation models to determine custom measures in circumstances/homes that deviate from the DEER base conditions.   The approach described under BASE CASE ASSUMPTIONS was used to calibrate EnergyPro models as described in the above workpaper.

“DMQC review of the IOU 2010-2012 Prescriptive Whole House Retrofit Program energy savings estimates work papers, revised submission”

Marlin Addison, M.S. Addison and Associates

6 June 2010,
The following review comments are based on a technical review of the simulation model input files plus detailed spreadsheet calculations provided by each of the IOU’s in response to Energy Division’s request for input and other files pertaining to work papers for the Prescriptive Whole House Retrofit Program (PWHRP), dated April 30, 2010. 

FINDINGS 

The technical review confirmed that the work papers remain primarily based on detailed hourly simulation modeling using eQUEST v3.63b (SCE/SCG) and EnergyPro v5.0.20 (PG&E/SDGE), with SCE/SCG supplementing their eQUEST simulations with calculations for DHW pipe loss savings using the 3E Plus v4.0 pipe insulation calculator from the North American Insulation Manufacturers Association. 
A principal purpose of the PWHRP work papers is to substantiate the PWHRP Program’s ability to achieve the program goals of providing a statewide average reduction of approximately 20% of total residential energy use in the participating residences. In summary, the work papers estimated that the PWHRP Program will achieve whole premise savings presented in Table 1 below.

Table 1: Projected PWHRP Savings and Population Coverage
	IOU
	Savings per Residence
	Vintages
	% of Population

	PG&E
	9%
	Oldest 3
	99%

	SDGE
	9%
	Oldest 3
	96%

	SCE/SCG
	13%-17%
	Oldest 2
	85%


These estimates are based on a procedure where separate vintages of homes were simulated for separate climate zones such that the results by climate zone can be weight average based on the number of homes by vintage. For all work papers, only the oldest two or three DEER vintages (pre-1978, 1978-1992, 1993-2001) were used. The resulting coverage of the population ranged from 85% to 99% as indicated in Table 1 above. The targeted level of coverage was ~85%, hence each work paper achieved the targeted level of coverage. 

PG&E and SDG&E analysis
A review of the files submitted in support of the PWHRP work papers found that the PG&E and SDG&E analysis procedures closely followed the procedures and recommendations from the previous PWHRP technical work paper review (19Mar10) in most respects, e.g., base case assumptions, calibration with RASS UEC’s, analyzing measures interactively and reporting measures separately. Consequently, the resulting estimates of savings aligned well with the reviewer’s DEER-based estimates for the same package of measures. Among the few issues identified in the PG&E and SDG&E analysis was the level of benefit attributed to the infiltration measure, i.e., a 30% reduction in infiltration appears to have been assumed which significantly exceeds the 10% to 15% level reported in the literature and assumed as an available credit in the Title 24 Residential ACM. It was also noted that the PG&E and SDG&E analysis did not include an estimate for peak demand impacts. If PG&E and SDG&E elect to revise their PWHRP work papers, a revision to the credit claimed for infiltration should be included. If they chose to also include demand impacts in any revision, they should use the DEER methodology outlined on page 4 below. If they also chose to modify their base case assumptions, as was discussed on earlier PWHRP conference calls, specific test-in or qualifying procedures must be included in a re-submitted work paper. See the section below regarding base case assumptions for guidance. 

SCE and SCG analysis
The SCE/SCG analysis departed from the procedures specified in the previous technical review, primarily in significantly altering key DEER base case assumptions, e.g., large reduction in attic insulation levels, in wall exterior insulation levels, lowered furnace AFUE, and reduced DW heater efficiency, without including commensurate test-in or qualifying procedures in the work paper that could cause the program to successfully target homes with these reduced efficiency features. The SCE/SCG analysis also assumes a 30% reduction in infiltration (see comment on this point in the PG&E-SDG&E section above). See the section below regarding base case assumptions for guidance. Consequently, the SCE/SCG estimates of savings do not align well with the reviewer’s DEER-based estimates and will need to be re-run and re-submitted using the following guidelines. 

Comments and Recommendations
The following comments and recommendations are offered to assist the IOUs with any further revisions to their PWHRP work papers. 

Base case Assumptions
DEER baseline assumptions for all single family residence characteristics should be considered as the default base case. Consistent with this, the RASS UEC’s adopted by DEER should be used as the target UEC for all model runs that employ the DEER baseline assumptions. Any runs that adopt departures from the DEER baseline assumptions for single family residence characteristics will fall into either of two cases:

1a)
If departures from the DEER base case are argued to be reflective of the population, i.e., implies that the DEER characteristics are considered to be incorrect for a vintage’s population of residences (e.g., attic insulation effective R-value too high to reflect typical houses for a specific DEER vintage), then substantiating documentation should be provided. The default simulation procedure would be to initially (temporarily) adopt the DEER baseline characteristics in the simulation models (e.g., DEER attic insulation values) and demonstrate that the simulation models are able to reproduce the DEER/RASS annual heating and cooling UEC’s (for the DEER/RASS heating and cooling UEC’s, see Appendix A1 in 2008 DEER Update - Summary of Measure Energy Analysis Revisions, December 2008).  Demonstrating percentages of heating and cooling is not sufficient. The calibration should be based on the kWh and therms per year found in Appendix A1 of the above cited reference. 

1b)
Once the preliminary calibration in step 1a is completed, then the proposed departures from the DEER baseline assumptions should be adopted into the simulation model and a revised calibration should be completed wherein the revised model is ‘rebalanced’ to match the DEER/RASS annual heating and cooling UEC’s, e.g., if attic insulation is reduced, then other changes must be made to the model such as thermostat set points to reduce the runtime on the HVAC equipment and realign the model with the DEER/RASS annual heating and cooling UEC’s. 

2a)
If the proposed departures from the DEER baseline assumptions are NOT argued to be reflective of the population but rather are considered as characteristic of a specially targeted demographic, e.g., houses with no attic insulation, it is necessary to temporarily adopt DEER baseline assumptions and demonstrate that the simulation models are able to reproduce the DEER/RASS annual heating and cooling UEC’s published in the 2008 DEER update (as described in 1a above). 

2b)
After calibrating the models as described in 2a above, the model baseline values may be revised to match the targeted demographic and run without further calibration. Since this case is argued to represent a special vintage demographic, specific test-in or qualifying procedures must be included in the work paper. 

Base case Attic and Wall Effective R-Values

One of the technical issues raised in earlier PWHRP conference calls was the degradation of effective R-value for attic and wall insulation to reflect poor quality installation of insulation, especially batt insulation. Details of a technical review of insulation degradation due to poor quality installation are provided in Appendix A. 

In summary, sufficient technical basis has been identified to permit the DEER base case values for attic and wall insulation to be degraded if the IOUs identify field evidence of insulation installation problems. Generally, the allowed degradation follows RESNET national HERS standards which are generally consistent with 2008 Title 24 Residential ACM procedures and laboratory tests performed at ORNL. 

It was also found that the DEER base case assumptions did not assume framing factors consistent with recent ORNL work. Accordingly, the degradation factors shown in Table 2 on the following page are approved for use in the PWHRP analysis. Owing to the limited available time, the requirement for model ‘rebalancing’ described in 1b above is waived for the next round of PWHRP work papers submission for these revisions to attic and exterior wall insulation effective R-value only. Other departures form the DEER base case assumptions are subject to the requirements of 1b described above. 
Table 2: Wall and Ceiling Effective R-value Degradation Factors 
for use with the 2010 PWHRP Work Papers1
	
	Batt Insulation Installation Quality

	
	Grade I (0% gap)2
	Grade II (2% gap)2
	Grade III (5% gap)2

	Wall or Ceiling Construction
	% Degradation3
	% Degradation
	% Degradation

	2x4, 16” o.c. R-11 Wall
	12%
	2.4%
	8.8%

	2x6, 16” o.c. R-19 Wall
	14%
	4.8%
	14.2%

	2x6, 16” o.c. R-19 Ceiling
	n/a3
	9.5%
	20.8%


1 Degradation factors reported here include the combined effect of air gaps due to poor quality insulation installation (applicable to quality Grades II and III only) and the effect of increased framing factor (i.e., ‘Whole Wall’ framing factors) not included in DEER 2008 wall R-values. See Appendix A for details. 
2 These insulation installation quality grades and their implied air gaps are from the RESNET 2006 national HERS standards. The three-tier BPI quality rating (‘Good’, ‘Fair’, ‘Poor’) criteria are sufficiently similar to the RESNET/HERS criteria to be used to translate into the RESNET Grade I, II, & III tier levels for the purpose of the PWHRP work papers.
3 The degradation factors for installation quality Grade I (minimal air gaps) include only the effect due to increased framing factor not included in DEER 2008 and therefore do not apply to the ceiling insulation case. 
Estimating Peak Demand Impacts
DEER analysis procedures include a specific method to calculate peak demands. For each climate zone, the hottest three week days from the long term average CZ weather files are identified (see Table 3 below).

Table 3: Peak Demand Periods used for DEER 2008

[image: image1.emf]Cimate Start Date of 3-day Period Peak Demand Peak Avereage 12p - 6p

Zone month Day Weekday Period T (F°) T (F°) T (F°)

CZ01 Sep 30 Mon 2p - 5p 80 58 65

CZ02 Jul 22 Mon 2p - 5p 99 78 93

CZ03 Jul 17 Wed 2p - 5p 89 65 79

CZ04 Jul 17 Wed 2p - 5p 97 71 87

CZ05 Sep 3 Tue 2p - 5p 93 68 80

CZ06 Jul 9 Tue 2p - 5p 85 69 77

CZ07 Sep 9 Mon 2p - 5p 92 70 78

CZ08 Sep 23 Mon 2p - 5p 98 78 89

CZ09 Aug 6 Tue 2p - 5p 101 78 92

CZ10 Jul 8 Mon 2p - 5p 104 83 99

CZ11 Jul 31 Wed 2p - 5p 104 81 98

CZ12 Aug 5 Mon 2p - 5p 103 81 100

CZ13 Aug 14 Wed 2p - 5p 106 87 102

CZ14 Jul 9 Tue 2p - 5p 106 90 103

CZ15 Jul 30 Tue 2p - 5p 114 96 108

CZ16 Aug 6 Tue 2p - 5p 96 73 89


For the weekdays identified above, hourly results for the 2:00pm to 5:00pm time period on the three consecutive peak days should be averaged to provide the DEER peak demand estimate. The difference between the DEER peak demand estimates for base case runs and energy efficiency measure EEM runs are used to determine the peak demand savings for each EEM package. 

Infiltation
Although the ASHRAE Enhanced single zone infiltration model has been found to provide superior results for infiltration modeling, since it has not yet been adopted into DEER it will not be adopted as the basis of comparison for infiltration modeling for the PWHRP work papers. Rather, the DEER base case assumption will be retained, i.e., 0.35 ACH for the baseline with no wind or stack effect adjustments. This 0.35 ACH average level of infiltration is also broadly consistent with the predicted results of the ASHRAE Basic infiltration model which is the infiltration model specified in the 2008 Title 24 Residential ACM and hence, the infiltration algorithm used in the residential model in EnergyPro. It is anticipated that the ASHRAE Enhanced single zone infiltration model will be incorporated into DEER at a future date. 

The two principal data sources for infiltration SLA (specific leakage area) values are California (LBL and CEC) and US DOE (especially through the Building America program). These are in reasonable agreement regarding the average maximum value of SLA for older homes (~4.9 to 5.1 for oldest vintages) as well as the benefit associated with typical infiltration measures (e.g., house wrap for new construction and sealing directed by blower door for existing homes) allowing 11% to 13% reduction in infiltration (i.e., SLA). This level of improvement due to infiltration measures is consistent with the ACM’s prescriptive credit of 0.50 SLA (out of 4.3) for house wrap. Consequently, the average expected benefit due to blower door directed reduction in infiltration will not exceed 15%. 

Conclusions
This most recent round of PWHRP work paper submissions has made it clear that the prescriptive package of measures as currently defined in the PWHRP Program Implementation Plans will fall well short of the targeted 20% savings level. Identifying additional measures suitable for inclusion in a revised and expanded prescriptive package of measures may be desirable and should be considered. 
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Appendix A

Accounting for Insulation Installation Quality Effects on the Effective R-value of Wall and Ceiling Insulation in the PWHRP Work Papers

One of the technical issues raised in the Prescriptive Whole House Retrofit Project (PWHRP) conference calls has been the degradation of effective R-value for attic and wall insulation resulting from poor quality installation of insulation, especially batt insulation. Significant degradation in insulation R-values due to poor installation quality have been included in previous PWHRP work paper submissions. The follow summarizes findings of a detailed technical review of the issue. 

First, the significantly degraded R-values for both roofs and walls that were assumed in some previous PWHRP work paper submissions are supported by a fact sheet published by the Building Performance Institute (BPI). See the attached “BPI EffectiveRValuesForBattInsulation-YellowSheet.pdf”. This BPI fact sheet refers to three grades of insulation installation quality: ‘Good’, ‘Fair’, and ‘Poor’ and indicates large levels of degradation associated with the lesser two quality categories, i.e., ‘Fair’ earns a ~30% reduction in effective R-value while ‘Poor’ earns a ~70% reduction in effective R‑value. 

As the basis for these large levels of effective R-value degradation, BPI cites experimental (laboratory) tests compiled by UMASS Amherst for ASHRAE in 1993 (errantly cited as 1996 in the BPI fact sheet, see the attached “ASHARE Attic Insulation Degradation.pdf” ~4MB). This ASHRAE reference includes hot box measurements for two categories of residential ceiling construction: manufactured homes and site built homes. The ceiling test sections for site built homes all assumed 2x6 joists, 16 in o.c. with foil-faced nominal 6 in fiberglass batt insulation. Several of these cases were tested with and without various levels of air gaps intentionally placed between the edge of the fiberglass batts and the vertical surface of the 2x6 ceiling joists. 

These test cases reported large effective R-value degradation consistent with BPI’s fact sheet. Unfortunately, all of the ceiling construction sections tested for site built homes included a thermally significant construction detail that makes them not representative of typical California attic/ceiling construction techniques and greatly contributes to the large degradation in effective R-value found in the laboratory tests. 

The critical construction detail prevents the ceiling drywall from being directly fastened to the bottom of the 2x6 joists. Rather, all of the tested ceiling constructions for site built homes in the ASHRAE reference attached nominal 1 inch wood furring strips directly to the bottom of the ceiling joists (running transverse to the ceiling joists) to which the sheet rock was then fastened. This creates a ¾ inch air gap below the batt, i.e., the foil face of the batt formed the upper boundary of this ¾ inch air gap. When additional air gaps were introduced in some of the test cases along the vertical sides of the batts (between the side of the batt and the vertical face of the joists), an air channel was created that completely surrounded the batt (i.e., no surface of the batt was in contact with a joist or sheet rock surface) which greatly promotes convective air flow around the batt. 

This ceiling construction detail is not in widespread use in California homes. Almost all ceiling constructions attach the ceiling sheetrock directly to the ceiling joist (or the lower chord of the roof truss) in a manner that would maintain a large portion of the batt in direct contact with the sheet rock, thus significantly limiting the opportunity for free convection. Accordingly, this analysis concludes that the hot box measurements of heat transmission rates included in ASHRAE publication cited by BPI are not representative of California housing. Further, while the same ASHRAE reference included numerous wall sections among the tested cases, none of the wall cases included air gaps, thus the same source provides no assistance in estimating degradation due to air gaps in walls.

Through further review, a second source of experimental (laboratory) data was identified that includes air pockets in 2x6 wall construction cases intended to represent typical poor batt insulation installation practice. An important purpose of this work was to estimate the impact of typical air gaps in batt insulated walls on wall effective R-value. The work was performed by ORNL (Oak Ridge National Laboratory) and published in the 1998 ASHRAE Envelope VII Conference. For a summary of the findings, see “EDU Thermal Shorts.pdf” (0.3MB) attached. For a more complete description, see “Whole Wall Thermal Perf calculator.pdf” attached (1.2MB). Unfortunately, this work is limited to wall constructions and includes no ceiling constructions.

The following cases of air pockets in batt wall insulation were included in the testing: 1) air pockets created by not cutting and fitting batts around electrical wiring in walls; 
2) ‘rounded shoulders’ (batts pushed into a wall cavity from one side where friction against the surfaces of the studs prevents the leading surface of the batt from fully seating in the cavity); 3) air pockets created by ‘rounded shoulders’ plus paper facers stapled to the inside 3-1/2 inch face of the studs rather than to the 1-1/2 inch stud faces; and 4) voids at the top or bottom of the cavity due to cutting the batt short prior to installation. 

This work found the degradation in effective R-value due to these examples of poor batt installation varied from 5% (rounded shoulders only) to 14% (rounded shoulders, cavity voids and paper facer stapled to side of studs). 

This ORNL work acknowledges that the measurements were performed without any induced air pressure difference across the wall sections as would be the case in situ. While air leakage through the construction sections may contribute to performance degradation caused by air gaps, these ORNL findings are consistent with the levels of degradation employed by RESNET in the current notational HERS standards to account for three quality grades of batt insulation installation (see pgs 3-22 & 2-23 in “RESNET National HERS Stds.pdf” attached, 1.0MB). These same quality grades have also been adopted in the 2005 EPACT/IRS tax credit procedures for residential energy performance. Harley provides a summary of this work in “Insulation Quality Inspection Harley ASHRAE 2007.pdf” attached (0.3MB). 

Similar to the BPI fact sheet, the RESNET national HERS standards also provide for three quality tiers or grades for insulation: Grade I, II, and III, where Grade I assumes high quality installation. Degradation of effective R-value for the lower two grades assumes 2% overall gaps for Grade II (similar criteria to BPI’s “Fair” category which allows 2.5% overall gaps) and 5% overall gaps for Grade III (similar criteria to BPI’s “Poor” category which allows 5% overall gaps). Following a parallel path calculation procedure (see example calculation in the Harley paper), the Table A1 below reports the degradation in effective R-value for three common constructions. 

Table A1: Degradation in Effective R-value due to 
Poor Quality Installation of Batt Insulation 

	
	
	Batt Insulation Installation Quality

	
	
	Grade II (2% gap)1
	Grade III (5% gap)1

	Wall or Ceiling Construction
	Framing Factor2
	% Degradation
	% Degradation

	2x4, 16” o.c. R-11 Wall
	25%
	2.4%
	8.8%

	2x6, 16” o.c. R-19 Wall
	25%
	4.8%
	14.2%

	2x6, 16” o.c. R-19 Ceiling
	10%
	9.5%
	20.8%


1 These insulation installation quality grades and their implied air gaps are from the RESNET 2006 national HERS standards
2 These framing factors are from the 2008 Title 24 Residential ACM. The wall framing factors are consistent with the ORNL Whole Wall R-value work. 
The level of degradation for walls shown in the table above are consistent with the test cases from the ORNL work (5% to 14% degradation) and with the 2008 California Title 24 Residential ACM Manual distinction between ‘standard’ and ‘improved’ quality insulation installation, i.e., 13% degradation for standard versus improved quality wall insulation and 8% to 21% degradation for ceiling insulation (see Residential ACM, Table R3-4 and Table 3-21). 

An additional significant finding from the ORNL work is the importance of accounting carefully for the actual amount of structure (studs) contained within typical walls, i.e., the framing factor. The ORNL paper distinguishes ‘clear wall’ (walls that assume a framing factor assuming no windows, doors, corners or any intersecting interior walls) from ‘whole wall’ (walls that assume a framing factor based on more typical amounts of structure). The average difference between Grade II or Grade III clear wall and whole wall effective R-value is approximately 12% (i.e., ‘whole wall’ effective R-values are ~12% less than ‘clear wall’ effective R-values). DEER wall R-values generally employed wall framing factors more consistent with clear wall rather than whole wall assumptions. Note that the distinction between ‘clear wall’ and ‘whole wall’ does not apply to ceilings. 

Accordingly, for the purpose of the PWHRP work papers, the CA IOUs are approved to use the following wall and ceiling insulation de-rating factors to reflect the impact of insulation installation quality AND to adjust for whole wall framing factors not included in DEER 2008. These are summarized in Table A2 below. Note that Table A2 differs from Table A1 above in that Table A1 reflects only the effect of air gaps (i.e., installation quality) while Table A2 includes the effect of air gaps PLUS the additional effect due to increased framing factors for walls not included in the 2008 DEER effective R-value base case assumptions. 

Furthermore, the RESNET/HERS three-tier level quality grading system also includes cases where the thickness of insulation is sub-par due to poor installation quality. This latter category of insulation quality primarily affects loose fill insulation applications, whereas air gaps due to poor installation and compression of the insulation materials primarily applies to batt installations. Since the RESNET/HERS degradation levels for Grade II and Grade III are similar for both cases, i.e., for air gaps in batt installations and lower than specified levels of insulation for loose fill installation (see the Harley paper), it is not necessary to separately track homes with loose fill versus batt attic insulation. The three tier quality grading and degradation factors in Tables 1 and 2 can be used to cover both cases.

If the IOUs opt to use the effective R-value degradation procedure described herein, they will have to estimate the fraction of homes at each of the three insulation quality grades within each residential vintage. For the purpose of the PWHRP work papers, the criteria for the BPI three-tier quality rating are sufficiently similar to the RESNET/HERS criteria to be used to estimate the RESNET tier levels. A single base case run per model vintage may still be used by weight averaging the degradation for each of the three quality grades for wall and ceiling. It is recommended that the IOUs be conservative when estimating the split between quality grades as the insulation work contracted under this PWHRP program will certainly experience its own quality challenges which will tend to lower program accomplishments. 

Table A2: Wall and Ceiling Effective R-value Degradation Factors 
for use with the 2010 PWHRP Work Papers1
	
	Batt Insulation Installation Quality

	
	Grade I (0% gap)2
	Grade II (2% gap)2
	Grade III (5% gap)2

	Wall or Ceiling Construction
	% Degradation3
	% Degradation
	% Degradation

	2x4, 16” o.c. R-11 Wall
	12%
	14%
	19.6%

	2x6, 16” o.c. R-19 Wall
	14%
	17.8%
	26%

	2x6, 16” o.c. R-19 Ceiling
	n/a3
	9.5%
	20.8%


1 Degradation factors reported here include the combined effect of air gaps due to poor quality insulation installation (applicable to quality Grades II and III only) AND the effect of increased framing factor (i.e., ‘Whole Wall’ framing factors) not included in DEER 2008 wall R-values. 
2 These insulation installation quality grades are from the RESNET 2006 national HERS standards. The three-tier BPI quality rating (‘Good’, ‘Fair’, ‘Poor’) criteria are similar enough to the RESNET/HERS criteria to be used to translate into the RESNET Grade I, II, & III tier levels for the purpose of the PWHRP work papers.
3 The degradation factors for installation quality Grade I (minimal air gaps or insulation loss) include only the effect due to increased framing factor not included in DEER 2008. Note that the distinction between ‘clear wall’ and ‘whole wall’ framing actors does not apply to ceilings.
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