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Multi-family Bundled Measures
Measure Code 02_MF
At-a-Glance Summary - BayREN02_MF
	Applicable Measure Codes:
	02_MF

	Measure Description: 
	Bundled measures incentive program for residential multi-family units of 5 or more. 

	Energy Impact Common Units: 
	kWh and therms per household 

	Base Case Description:
	Source:  Title-24 vintage table defaults for multi-family buildings
 were utilized to determine starting conditions per climate zone and vintage, as well as established baseline conditions utilized within the California Home Energy Retrofit Coordinating Committee (MF HERCC) 2011 multi-family report
.

	Base Case Energy Consumption: 
	Source:  BayREN calculations for base case rely on calibrated EnergyPro
 models for representative multi-family Low Rise (LR) and High Rise (HR) buildings in each target climate zone.  

	Measure Energy Consumption:
	Source:  Determined interactive effects of bundled efficiency measures on a given multi-family unit based on EnergyPro simulations of measures. Used existing mix of measure packages seen in Los Angeles County Multi-family pilot program. 

	Energy Savings (Base Case – Measure)
	Source: Based on EnergyPro model of post-retrofit energy consumption for a set of bundled measures.  Range of savings for LR bundled measures: 

194,018 to 861,212k Wh/yr  and 638 to 1,474 therms/yr per ; Range of savings for HR bundled measures: 15,183 to 132,489 kWh/yr and 1,764 to 7,560 therms/yr.

	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:  DEER cost data from the MF HERCC study. The bundled measure cost for LR and HR averages $2,341 per Dwelling Unit (DU) retrofit and includes labor, overhead and profit.

	Measure Incremental Cost ($/unit): 
	Source:  DEER cost data from the MF HERCC study. Because the base case involves no action; the measure incremental cost is the full measure cost, including labor, overhead and profit, averaging $2,341 per DU.

	Effective Useful Life (years): 
	Source: E3 calculator options for typical multi-family retrofit measures: 18 years

	Program Type:
	Custom retrofit, downstream mass market multi-family residential program

	Net-to-Gross Ratios: 
	Source: E3 calculator options for typical multi-family retrofit measures: 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)

	BayREN02_FlexPath_MF_LowRise_ElecHeat1c
	02_MF_LR_V1_CZ2_EH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.40
	718
	32.0
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat1i
	02_MF_LR_V1_CZ2_EH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.30
	677
	46.0
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat2c
	02_MF_LR_V2_CZ2_EH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	1.10
	906
	29.0
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat2i
	02_MF_LR_V2_CZ2_EH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	1
	979
	46
	0
	3,150
	3,150
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat1c
	02_MF_LR_V1_CZ2_GH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.4
	261
	53
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat1i
	02_MF_LR_V1_CZ2_GH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.3
	220
	67
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat2c
	02_MF_LR_V2_CZ2_GH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	1.1
	258
	37
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat2i
	02_MF_LR_V2_CZ2_GH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	1.1
	258
	54
	0
	2,805
	2,805
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump1c
	02_MF_LR_V1_CZ2_HP_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.4
	580
	32
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump1i
	02_MF_LR_V1_CZ2_HP_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.3
	539
	46
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump2c
	02_MF_LR_V2_CZ2_HP_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	1.1
	475
	29
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump2i
	02_MF_LR_V2_CZ2_HP_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	1
	525
	46
	0
	3,150
	3,150
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat1c
	02_MF_LR_V1_CZ3_EH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3
	0.3
	368
	32
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat1i
	02_MF_LR_V1_CZ3_EH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3
	0.2
	364
	46
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat2c
	02_MF_LR_V2_CZ3_EH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3
	0
	66
	29
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat2i
	02_MF_LR_V2_CZ3_EH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3
	0
	123
	46
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat1c
	02_MF_LR_V1_CZ3_GH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3
	0.3
	56
	46
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat1i
	02_MF_LR_V1_CZ3_GH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3
	0.2
	52
	60
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat2c
	02_MF_LR_V2_CZ3_GH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3
	0
	7
	31
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat2i
	02_MF_LR_V2_CZ3_GH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3
	0
	7
	48
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump1c
	02_MF_LR_V1_CZ3_HP_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3
	0.3
	257
	32
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump1i
	02_MF_LR_V1_CZ3_HP_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3
	0.2
	253
	46
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump2c
	02_MF_LR_V2_CZ3_HP_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3
	0
	39
	29
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump2i
	02_MF_LR_V2_CZ3_HP_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3
	0.3
	216
	46
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat1c
	02_MF_LR_V1_CZ4_EH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.3
	481
	32
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat1i
	02_MF_LR_V1_CZ4_EH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.3
	461
	46
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat2c
	02_MF_LR_V2_CZ4_EH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.1
	87
	28
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat2i
	02_MF_LR_V2_CZ4_EH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.2
	145
	46
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat1c
	02_MF_LR_V1_CZ4_GH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.3
	171
	46
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat1i
	02_MF_LR_V1_CZ4_GH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.3
	151
	60
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat2c
	02_MF_LR_V2_CZ4_GH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.1
	26
	31
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat2i
	02_MF_LR_V2_CZ4_GH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.1
	26
	49
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump1c
	02_MF_LR_V1_CZ4_HP_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.3
	383
	32
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump1i
	02_MF_LR_V1_CZ4_HP_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.3
	362
	46
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump2c
	02_MF_LR_V2_CZ4_HP_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.1
	69
	28
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump2i
	02_MF_LR_V2_CZ4_HP_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.2
	108
	46
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat1c
	02_MF_LR_V1_CZ12_EH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	12
	0.6
	909
	31
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat1i
	02_MF_LR_V1_CZ12_EH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	12
	0.5
	838
	46
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat2c
	02_MF_LR_V2_CZ12_EH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	12
	1.2
	1385
	28
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_ElecHeat2i
	02_MF_LR_V2_CZ12_EH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	12
	1.2
	725
	46
	0
	3,150
	3,150
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat1c
	02_MF_LR_V1_CZ12_GH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	12
	0.6
	406
	54
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat1i
	02_MF_LR_V1_CZ12_GH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	12
	0.5
	334
	69
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat2c
	02_MF_LR_V2_CZ12_GH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	12
	1.2
	455
	36
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_GasHeat2i
	02_MF_LR_V2_CZ12_GH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	12
	1.2
	455
	54
	0
	2,805
	2,805
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump1c
	02_MF_LR_V1_CZ12_HP_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	12
	0.6
	741
	31
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump1i
	02_MF_LR_V1_CZ12_HP_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	12
	0.5
	669
	46
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump2c
	02_MF_LR_V2_CZ12_HP_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	12
	1.2
	695
	28
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_LowRise_HeatPump2i
	02_MF_LR_V2_CZ12_HP_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	12
	1.2
	752
	46
	0
	3,150
	3,150
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat1c
	02_MF_HR_V1_CZ2_EH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.9
	2080
	0
	0
	1,996
	1,996
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat1i
	02_MF_HR_V1_CZ2_EH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.2
	532
	46
	0
	1,312
	1,312
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat2c
	02_MF_HR_V2_CZ2_EH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	0.9
	1540
	29
	0
	1,134
	1,134
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat2i
	02_MF_HR_V2_CZ2_EH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	0.9
	1540
	0
	0
	3,150
	3,150
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat1c
	02_MF_HR_V1_CZ2_GH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.2
	237
	62
	0
	3,422
	3,422
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat1i
	02_MF_HR_V1_CZ2_GH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	0.2
	255
	72
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat2c
	02_MF_HR_V2_CZ2_GH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	0.9
	585
	35
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat2i
	02_MF_HR_V2_CZ2_GH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	0.9
	666
	52
	0
	2,805
	2,805
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump1c
	02_MF_HR_V1_CZ2_HP_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	1.1
	2620
	0
	0
	2,933
	2,933
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump1i
	02_MF_HR_V1_CZ2_HP_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	2
	1.1
	2620
	0
	0
	2,933
	2,933
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump2c
	02_MF_HR_V2_CZ2_HP_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	0.9
	927
	0
	0
	2,316
	2,316
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump2i
	02_MF_HR_V2_CZ2_HP_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	2
	0.9
	927
	0
	0
	2,316
	2,316
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat1c
	02_MF_HR_V1_CZ3_EH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3A
	0.4
	1386
	0
	0
	1,996
	1,996
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat1i
	02_MF_HR_V1_CZ3_EH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3A
	0.1
	360
	46
	0
	2,830
	2,830
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat2c
	02_MF_HR_V2_CZ3_EH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3A
	0.4
	918
	29
	0
	2,652
	2,652
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat2i
	02_MF_HR_V2_CZ3_EH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3A
	0.4
	910
	46
	0
	3,150
	3,150
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat1c
	02_MF_HR_V1_CZ3_GH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3A
	0.1
	109
	54
	0
	3,422
	3,422
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat1i
	02_MF_HR_V1_CZ3_GH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3A
	0.1
	110
	65
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat2c
	02_MF_HR_V2_CZ3_GH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3A
	0.3
	247
	35
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat2i
	02_MF_HR_V2_CZ3_GH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3A
	0.3
	247
	53
	0
	2,805
	2,805
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump1c
	02_MF_HR_V1_CZ3_HP_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3A
	0.5
	1459
	0
	0
	2,933
	2,933
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump1i
	02_MF_HR_V1_CZ3_HP_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	3A
	0.5
	1459
	0
	0
	2,933
	2,933
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump2c
	02_MF_HR_V2_CZ3_HP_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3A
	0.4
	445
	29
	0
	2,316
	2,316
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump2i
	02_MF_HR_V2_CZ3_HP_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	3A
	0.4
	445
	32
	0
	3,150
	3,150
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat1c
	02_MF_HR_V1_CZ4_EH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.8
	1832
	0
	0
	1,996
	1,996
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat1i
	02_MF_HR_V1_CZ4_EH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.2
	457
	46
	0
	1,996
	1,996
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat2c
	02_MF_HR_V2_CZ4_EH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.7
	1336
	28
	0
	1,818
	1,818
	18

	BayREN02_FlexPath_MF_HighRise_ElecHeat2i
	02_MF_HR_V2_CZ4_EH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.7
	1336
	46
	0
	3,150
	3,150
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat1c
	02_MF_HR_V1_CZ4_GH_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.9
	809
	55
	0
	3,422
	3,422
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat1i
	02_MF_HR_V1_CZ4_GH_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.2
	241
	67
	0
	2,249
	2,249
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat2c
	02_MF_HR_V2_CZ4_GH_c
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.8
	656
	35
	0
	1,632
	1,632
	18

	BayREN02_FlexPath_MF_HighRise_GasHeat2i
	02_MF_HR_V2_CZ4_GH_i
	BayREN Multi-family
	Residential Multi-family
	1980-2000
	4
	0.8
	656
	53
	0
	2,805
	2,805
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump1c
	02_MF_HR_V1_CZ4_HP_c
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.9
	2103
	0
	0
	2,933
	2,933
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump1i
	02_MF_HR_V1_CZ4_HP_i
	BayREN Multi-family
	Residential Multi-family
	Pre-1980
	4
	0.9
	2103
	0
	0
	2,933
	2,933
	18

	BayREN02_FlexPath_MF_HighRise_HeatPump2c
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Section 1. General Measure & Baseline Data 
1.1 Measure Description & Background

Catalog Description 

The BayREN Comprehensive Multi-Family Subprogram is a downstream program that will address multi-family residential units as a whole system rather than as a collection of separate components. The program will improve building performance in the San Francisco Bay Area by offering bundled measures incentives which complement a whole-building utility rebate program and will reduce cost barriers for multi-family property owners who wish to conduct energy efficiency upgrades. 
The goal of the BayREN Multi-Family Subprogram is to increase the number of multi-family upgrades for energy efficiency and other resource conservation measures. The subprogram will achieve this goal by providing customized technical assistance, supporting participation in a wide range of existing programs, and providing a low-cost multiple-measure incentive to fill an existing gap in energy efficiency incentives available to the multi-family sector. The program components consist of:

· Targeted outreach

· Customized technical assistance 

· Bundled measure incentives — requiring two or more measures, yielding an average of 15% energy savings (see Measures and Incentive Levels section below)

· Workforce development support for multi-family-specific trades
Program Restrictions and Guidelines

Terms and Conditions: Property must be located in the 9-County Bay Area.  Not available for new construction. TA Providers must have qualifications equivalent to a professional firm delivering comprehensive multi-family building audits and installation contractors must be licensed in accordance with applicable building codes must perform the upgrade work. Building must contain five or more attached dwelling Units (DU).  
Market Applicability: Applies to multi-family residences within the Association of Bay Area Governments (ABAG) region of the PG&E service territory.  Market rate, low-income, and affordable housing are all eligible.
Technical Description

The BayREN proposes to pilot a bundled measure incentive that is aimed at filling the market gap between single-measure and whole building utility programs. The bundled measure approach is designed to capture projects that have smaller budgets and scope of work, and encourage installation of two or more measures that will result in a program average of 15% whole-building energy savings. 

To determine the expected energy savings for a typical project within the Multi-family Bundled Measure program, we incorporated a calculation methodology that assumed different measure packages based on climate zone, building vintage, building type, and existing mechanical systems. For energy savings estimation purposes, the Multi-family Bundled Measure program is similar to the Single-Family Whole House Rebate program 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, building type, and building vintage combination, the combined total package savings is utilized, as opposed to the individual measure savings. This modeling approach was performed for both building types, low-rise and high-rise multi-family buildings, with a 50/50 split assumed between low-rise and high-rise participants.

A weighted average was calculated for the four Bay Area climate zones, using population per climate zone to weight the savings for each zone
.
1.2 DEER Differences Analysis

Title-24 vintage table defaults for multi-family buildings were utilized to determine starting conditions per climate zone and vintage, as well as established baseline conditions utilized within the MF HERCC 2011 Study (see appendix A). 
1.3 Codes & Standards Requirements Analysis

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
Participation rates and market penetration assumptions for the ABAG multi-family bundled measures program are based on effectiveness and ramp-up rates of similar programs in similar markets, both within California and also within other densely populated metropolitan areas throughout the country. 

The current ABAG PIP forecast of7500 units completed over the two year program cycle, 2013-2014, was established based on project volume and completion rates from numerous multi-family programs. Below you will find a list of these programs and their success, which provide credibility to the ABAG MF assumptions. 
Participation in other EUC MF programs, which offered improvement incentives, were fully subscribed and could have served more units if they had more funding, including: 
· SMUD total: over 2,000 completed in less than 18 months 

· LA total: over 900 units reserved in less than 9 months, and expect completion between Q3 2012 and Q2 2013. If more funding had been available, almost 4,900 units could have been reserved in the first 9 months, and potentially more if the application window had remained open.

Other MF programs which achieved targets in similar ranges, and included TA as part of their program offering, including:
· Chicago’s Energy Savers program retrofitted 7,500 units in about 4 years (from 2007 – 2011), achieving an average energy savings of 30% amongst Chicago’s 854 thousand units. This market penetration rate is equivalent to 6,200 units over a similar time period for the Bay Area’s 700 thousand units. The BayREN program requires half of the energy savings, which should allow more buildings to participate.

· NYSERDA has completed projects in over 83,000 MF units in 5.5 years (Q3 2006 to Q4 2011), an average of almost 15,000 projects a year amongst New York State’s 2.6 million MF units.  This market penetration rate is equivalent to over 6,000 units in two years for the Bay Area.

· Compared to these programs, which began several years ago, the BayREN program will have the advantage of having primed the market through ARRA funded outreach and generally raised public awareness of energy efficiency.

From the BayREN PIP: “The State Energy Program tracked approximately 800 multi-family units in completed upgrade projects in the Bay Area.”
· The timeframe for this was roughly one year, and includes San Francisco and Alameda Counties without a significant rebate available.

· San Francisco and Alameda Counties combined account for 45 – 50% of the MF units in the 9 counties.

· Extrapolated to two years and to the 9 counties, this could equal 3,200. Addition of a substantial rebate justifies a doubling of this total.
Table 1. BayREN Multifamily Market Penetration Assumptions
	Target
	2013
	2014
	Total

	Number of units incented by bundled measures incentive
	1,500
	4,500
	6,000

	Number of projects incented by bundled measures incentive
	38
	113
	150

	Number of projects with site survey
	41
	124
	165

	Failure rate at site survey
	10%
	10%
	10%

	Conversion rate from TA to bundled measures completion
	50%
	50%
	

	Number of units receiving technical assistance
	4,000
	8,000
	12,000

	Number of projects receiving technical assistance
	100
	200
	300

	Number of multi-family contractors trained
	25
	25
	50

	QA Sampling Rate
	
	
	100%

	Field QC Visits
	
	
	150

	Conversion rate from TA to PG&E WB Program completion
	0%
	10%
	

	PG&E WB units referred
	-
	800
	800


Assumptions for the bundled measures ramp-up from 1,500 to 4,500 units and technical assistance ramp-up from 4,000 to 8,000 units between Year 1 and 2: 
· Program rollout will occur in Year 1 Q2; running for less time in Year 1 than 2, so we might enroll half as many in Year 1 as Year 2, and begin QA on those enrolled projects.

· MF projects tend to take 8-12 months, so most projects enrolled in Year 1 will not complete until Year 2.

Delta Wattage Assumption (ΔW): In this version of the BayREN Multi-family Bundled Measures 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. 

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: 18 years based on lifetime for typical measure in the program.
1.5 Base Cases for Savings Estimates: 
To establish baseline building characteristics for the energy modeling analysis, Title-24 vintage table defaults for multi-family buildings were utilized to determine starting conditions per climate zone and vintage, as well as established baseline conditions utilized within MF HERCC 2011 report. Energy models were developed for low-rise (LR) and high-rise (HR) buildings and base case characteristics for the two different building types are presented below. 
Low-Rise Baseline Building Characteristics
To establish baseline building characteristics for the energy modeling analysis, Title-24 vintage table defaults for multi-family buildings were utilized to determine starting conditions per climate zone and vintage, as well as established baseline conditions utilized within the California Home Energy Retrofit Coordinating Committee (HERCC) 2011 multi-family report. 

Energy models were developed for two low-rise building vintages (pre-1980; 1990-2000) within each of the four ABAG territory climate zones, with constant baseline conditions except where altered based on vintage table climate zone changes. For each climate zone, the CEC default city is used for the energy model location, and numerous mechanical system scenarios are modeled.

For general building characteristics, baseline conditions were established using the following sources and were revised accordingly based on vintage, climate zone, and existing system type.

Table 2. BayREN Multifamily Low-rise Characteristics
	Low-Rise Building Characteristics
	Baseline Source

	Project Info
	 

	Year built
	Vintage 1

	Location
	CEC CZ Default

	CZ
	CEC CZ Map

	# of dwelling units
	MF HERCC Study

	# of stories
	Low-Rise

	Conditioned Floor Area (sq.ft.)
	MF HERCC Study

	Ceiling Height
	MF HERCC Study

	Floor Type
	MF HERCC Study


For building envelope characteristics, similar sources were used to establish energy model starting conditions based on Title-24 vintage table defaults.

Table 3. Low-rise Shell Measure Energy Model Starting Condition Sources
	Low-Rise Building Characteristics
	Baseline Source

	Building Envelope
	 

	Attic Insulation
	T-24 CZ Vintage

	Wall Insulation
	T-24 CZ Vintage

	Window U-factor
	T-24 CZ Vintage

	Window SHGC
	T-24 CZ Vintage

	# of Panes
	T-24 CZ Vintage

	% Fenestration
	T-24 CZ Vintage

	Radiant Barrier
	T-24 CZ Vintage

	Infiltration (SLA)
	T-24 CZ Vintage


The Domestic Hot Water (DHW) system defaults varied based on the system type, central or individual unit based, and were heavily based on the defaults used for the statewide MF HERCC study.

Table 4. Low-rise DHW Default Source
	Low-Rise Building Characteristics
	Baseline Source

	DHW
	 

	Fuel Type
	MF HERCC Study

	QTY
	MF HERCC Study

	Gallon Capacity
	MF HERCC Study

	Input (btu/hr)
	MF HERCC Study

	Energy Factor/Rec. Efficiency
	T-24 Vintage

	DHW Pump QTY
	MF HERCC Default

	Pump Design Power (hp)
	MF HERCC Default

	DHW Outside Piping (ft)
	MF HERCC Default

	DHW Underground Piping (ft)
	MF HERCC Default

	DHW Plenum Piping (ft)
	MF HERCC Default

	DHW Pipe - Add. 1/2" Insulation
	MF HERCC Default

	DHW Distribution Insulation
	EnergyPro Default


With respect to the Heating, Ventilation, and Air Conditioning (HVAC) system, the MF HERCC study, Title-24 vintage table defaults per climate zone, and EnergyPro defaults were utilized to establish the various baseline conditions for each type of system.

Table 5. Low-rise HVAC Energy Model Starting Condition Sources
	Low-Rise Building Characteristics
	Baseline Source

	Heating
	 

	Electric Res - Output (btu/hr)
	MF HERCC-N/A to Model

	Electric - Efficiency (HSPF)
	T-24 Vintage

	Gas Furnace - Output (btu/hr)
	MF HERCC-N/A to Model

	Gas Furnace - Efficiency (AFUE)
	T-24 Vintage

	Heat Pump - Output (btu/hr)
	MF HERCC-N/A to Model

	Heat Pump - Efficiency (HSPF)
	T-24 Vintage

	Cooling
	 

	Split DX - Output (but/hr)
	MF HERCC Study

	Split DX - Efficiency (SEER)
	T-24 Vintage

	Heat Pump - Output (btu/hr)
	MF HERCC Study

	Heat Pump - Efficiency (SEER)
	T-24 Vintage

	HVAC Distribution
	 

	Setback Thermostat
	MF HERCC Study

	Duct Leakage
	T-24 Vintage

	Duct Insulation
	T-24 Vintage


High-Rise Base Building Characteristics

To establish baseline building characteristics for the energy modeling analysis, Title-24 vintage table defaults for multi-family buildings were utilized to determine starting conditions per climate zone and vintage, as well as established baseline conditions utilized within the MF HERCC 2011 report. 
Energy models were developed for two high-rise building vintages (pre-1980; 1990-2000) within each of the four ABAG territory climate zones, with constant baseline conditions except where altered based on vintage table climate zone changes. For each climate zone, the CEC default city is used for the energy model location, and numerous mechanical system scenarios are modeled.

For general building characteristics, baseline conditions were established using the following sources and were revised accordingly based on vintage, climate zone, and existing system type.

Table 6. High-rise Baseline Condition Sources
	High-Rise Building Characteristics
	Baseline Source

	Project Info
	 

	Year built
	Vintage 1

	Location
	CEC CZ Default

	CZ
	CEC CZ Map

	# of dwelling units
	MF HERCC Study

	# of stories
	Low-Rise

	Conditioned Floor Area (sq.ft.)
	MF HERCC Study

	Ceiling Height
	MF HERCC Study

	Floor Type
	MF HERCC Study


For building envelope characteristics, similar sources were used to establish energy model starting conditions based on Title-24 vintage table defaults.

Table 7. High-Rise Envelope Measure Energy Model Data Source
	High-Rise Building Characteristics
	Baseline Source

	Building Envelope
	 

	Attic Insulation
	T-24 CZ Vintage

	Wall Insulation
	T-24 CZ Vintage

	Window U-factor
	T-24 CZ Vintage

	Window SHGC
	T-24 CZ Vintage

	# of Panes
	T-24 CZ Vintage

	% Fenestration
	T-24 CZ Vintage

	Radiant Barrier
	T-24 CZ Vintage

	Infiltration (SLA)
	T-24 CZ Vintage


The Domestic Hot Water (DHW) system defaults varied based on the system type, central or individual unit based, and were heavily based on the defaults used for the statewide MF HERCC study.

Table 8. High-rise DHW Measure Energy Model Data Source
	High-Rise Building Characteristics
	Baseline Source

	DHW
	 

	Fuel Type
	MF HERCC Study

	QTY
	MF HERCC Study

	Gallon Capacity
	MF HERCC Study

	Input (btu/hr)
	MF HERCC Study

	Energy Factor/Rec. Efficiency
	T-24 Vintage

	DHW Pump QTY
	MF HERCC Default

	Pump Design Power (hp)
	MF HERCC Default

	DHW Outside Piping (ft)
	MF HERCC Default

	DHW Underground Piping (ft)
	MF HERCC Default

	DHW Plenum Piping (ft)
	MF HERCC Default

	DHW Pipe - Add. 1/2" Insulation
	MF HERCC Default

	DHW Distribution Insulation
	EnergyPro Default


With respect to the Heating, Ventilation, and Air Conditioning (HVAC) system, the MF HERCC study, Title-24 vintage table defaults per climate zone, and EnergyPro defaults were utilized to establish the various baseline conditions for each type of system.

Table 9. High-rise HVAC Measure Energy Model Data Source
	
	High-Rise Building Characteristics
	Baseline Source

	Heating
	Electric Res - Output (btu/hr)
	MF HERCC-N/A to Model

	
	Electric - Efficiency (HSPF)
	T-24 Vintage

	
	Gas Furnace - Output (btu/hr)
	MF HERCC-N/A to Model

	
	Gas Furnace - Efficiency (AFUE)
	T-24 Vintage

	
	Heat Pump - Output (btu/hr)
	MF HERCC-N/A to Model

	
	Heat Pump - Efficiency (HSPF)
	T-24 Vintage

	Cooling
	Split DX - Output (but/hr)
	MF HERCC Study

	
	Split DX - Efficiency (SEER)
	T-24 Vintage

	
	Heat Pump - Output (btu/hr)
	MF HERCC Study

	
	Heat Pump - Efficiency (SEER)
	T-24 Vintage

	HVAC Distrib-ution
	Setback Thermostat
	MF HERCC Study

	
	Duct Leakage
	T-24 Vintage

	
	Duct Insulation
	T-24 Vintage


1.6 Base Cases & Measure Effective Useful Lives

The base case for the BayREN Multi-family program assumes no action is taken. The retrofit is considered a retrofit. Based on DEER effective useful lives of building envelope measures similar to those included in the program—such as attic insulation—an EUL of 18 years was chosen for this program.
1.7 Net-to-Gross Ratios for Different Program Strategies 

Table 10 summarizes all applicable Net-to-Gross ratios for programs that may be used by this measure.

Table 10. Net-to-Gross Ratios

	Program Approach
	NTG

	New Measures or New Delivery Methods Where no Previous NTG results are Available
	0.85


Section 2. Calculation Methods

2.1 Electric Energy Savings Estimation Methodologies
In order to forecast the number of projects per climate zone during the program cycle, the BayREN PIP climate zone weighting calculations utilized 2012 US Census data to establish populations for the nine counties that comprise the ABAG region, determining the total population within this territory. Using company profile data from the PG& website, we were able to extract the approximate total number of PG&E customers, estimated at 15 million. With this information, we were able to determine the fraction of PG&E customers that reside in the ABAG region, which calculates out to 47.7%.

	PG&E Territory 

	Total Population*
	15,000,000

	ABAG Territory

	% of Total PG&E Territory
	47.7


            *PG&E total service area population was taken from the company website
With the overall ABAG to PG&E population ratio determined, we then associated each county with the appropriate climate zone(s) by overlaying the California Building Climate Zones, as laid out by the CEC, over the ABAG territory map. For counties within two climate zones, we assumed a 70/30 split based on area, and attributed the proportioned the split population figures to the appropriate climate zone.  

Table 11. ABAG Population by County (2012 US Census)
	County
	CZ
	# of People

	Sonoma
	2,1
	483878

	Napa
	2
	136484

	Solano
	12
	413344

	Contra Costa
	12,3
	1049025

	Alameda
	3, 12
	1510271

	Santa Clara
	4
	1781642

	San Mateo
	3
	718451

	Marin
	3,2
	252409

	San Francisco 
	3
	805235

	TOTAL
	7150739


By attributing each county to a climate zone(s), we were able to sum the ABAG population per each climate zone within the territory, CZ2, CZ3, CZ4, and CZ12.With this population per climate zone information, we developed a project weighting per climate zone based on population, with the more populated climate zones having a greater number of upgrades performed, directly proportionate to the % of total ABAG territory population.

Table 12. ABAG Population Distribution by Climate Zone
	Climate Zone
	Population
	CZ %

	CZ2*
	550921
	9.0%

	CZ3*
	3072270
	44.0%

	CZ4 
	1781642
	25.0%

	CZ12*
	1600743
	22.0%


               * For climate zones comprised of multiple counties, we assumed a 70/30 population split between the
                  two counties.
With the climate zone weightings established, we could then forecast the number of projects per climate zone during the program cycle, based on ABAG territory population. With an estimated 7500 total projects in the multi-family program, we anticipate the following market penetration:

Table 13. Project BayREN Multifamily Projects Completed
	Climate Zone
	Completed Projects

	CZ2 
	675

	CZ3 
	3300

	CZ4 
	1875

	CZ12 
	1650

	TOTAL
	7500


Low-Rise Energy Savings
For the Low-Rise analysis, a package of twelve EnergyPro files was developed for each ABAG territory climate zone (CZ2, CZ3, CZ4, CZ12). These climate zone energy model packages are comprised of individual EnergyPro simulations for each combination of three existing HVAC systems, two vintages, and central vs. individual domestic how water (DHW) systems. This table shows the various energy models associated with Climate Zone 2 Low-Rise MF buildings.

Table 14. Low-rise Simulation Model Types

	Run Name
	CZ
	HVAC
	Vintage
	DHW

	
	
	
	
	

	02_MF_LR_V1_CZ2_EH_c
	2
	Electric Heat
	Pre-1980
	Central

	02_MF_LR_V1_CZ2_EH_i
	
	
	
	Individual

	02_MF_LR_V2_CZ2_EH_c
	
	
	1980-2000
	Central

	02_MF_LR_V2_CZ2_EH_i
	
	
	
	Individual

	02_MF_LR_V1_CZ2_GH_c
	
	Gas Heat
	Pre-1980
	Central

	02_MF_LR_V1_CZ2_GH_i
	
	
	
	Individual

	02_MF_LR_V2_CZ2_GH_c
	
	
	1980-2000
	Central

	02_MF_LR_V2_CZ2_GH_i
	
	
	
	Individual

	02_MF_LR_V1_CZ2_HP_c
	
	Heat Pump
	Pre-1980
	Central

	02_MF_LR_V1_CZ2_HP_i
	
	
	
	Individual

	02_MF_LR_V2_CZ2_HP_c
	
	
	1980-2000
	Central

	02_MF_LR_V2_CZ2_HP_i
	
	
	
	Individual


Once each unique set of existing building conditions is established and reflected in in a base building model, the bundled measures are then modeled using the Alternatives Tab within EnergyPro. By simulating an EnergyPro model for each climate zone and starting condition, modeled energy savings are generated through an ECON-2 output report and provide energy savings for each individual measure and the interactive package of measures.

These packaged energy savings are then extracted from each individual ECON-2 report, and broken down to an individual unit level for each simulation. Once kWh, kW, and therms savings are collected on an individual unit level, these savings are multiplied out by weighted climate zone market penetration assumptions. 

Each EnergyPro run’s associated energy savings is a product of its specific per unit energy savings and the weighted frequency of market penetration within that climate zone. 

Table 15. Example Low-rise Avoided kW Weighting (CZ 2)

	Run Name
	CZ
	# of projects per Run
	total kW per Run

	02_MF_LR_V1_CZ2_EH_c
	2
	22
	8.8

	02_MF_LR_V1_CZ2_EH_i
	
	22
	6.6

	02_MF_LR_V2_CZ2_EH_c
	
	22
	24.2

	02_MF_LR_V2_CZ2_EH_i
	
	22
	22

	02_MF_LR_V1_CZ2_GH_c
	
	22
	8.8

	02_MF_LR_V1_CZ2_GH_i
	
	22
	6.6

	02_MF_LR_V2_CZ2_GH_c
	
	22
	24.2

	02_MF_LR_V2_CZ2_GH_i
	
	22
	24.2

	02_MF_LR_V1_CZ2_HP_c
	
	22
	8.8

	02_MF_LR_V1_CZ2_HP_i
	
	22
	6.6

	02_MF_LR_V2_CZ2_HP_c
	
	22
	24.2

	02_MF_LR_V2_CZ2_HP_i
	
	22
	22


Then, the frequency is spaced over the program period based on the proposed ramp-up rate, and rounded to reflect energy savings based on whole projects.

Table 16. Example Low-rise Distribution of Projects (CZ 2)
	DISTRIBUTION OF PROJECTS - ROUNDED WHOLE NUMBERS

	

	2013Q1
	2013Q2
	2013Q3
	2013Q4
	2014Q1
	2014Q2
	2014Q3
	2014Q4
	Total  

	1
	1
	2
	2
	3
	3
	4
	4
	20


With the steps listed above, we now have the total energy savings associated with the entire Low-Rise multi-family subprogram, based on energy savings associated with each individual EnergyPro run and the weighted market penetration for each run per climate zone. Next we determined the cost per project based on the specific package of bundled measures associated with each vintage, climate zone, and existing conditions. Cost analysis can be found in section 4.
High-Rise Energy Savings

For the High-Rise analysis, a package of twelve EnergyPro files was developed for each ABAG territory climate zone (CZ2, CZ3, CZ4, CZ12). These climate zone energy model packages are comprised of individual EnergyPro simulations for each combination of three existing HVAC systems, two vintages, and central vs. individual domestic how water (DHW) systems. This table shows the various energy models associated with Climate Zone 2 Low-Rise MF buildings.

Table 17. Example High-rise Energy Model Characteristics (CZ 4)
	Run Name
	CZ
	HVAC
	Vintage
	DHW

	
	
	
	
	

	02_MF_HR_V1_CZ4_EH_c
	4
	Electric Heat

 

 

 
	Pre-1980

 
	Central

	02_MF_HR_V1_CZ4_EH_i
	
	
	
	Individual

	02_MF_HR_V2_CZ4_EH_c
	
	
	1980-2000

 
	Central

	02_MF_HR_V2_CZ4_EH_i
	
	
	
	Individual

	02_MF_HR_V1_CZ4_GH_c
	
	Gas Heat

 

 

 
	Pre-1980

 
	Central

	02_MF_HR_V1_CZ4_GH_i
	
	
	
	Individual

	02_MF_HR_V2_CZ4_GH_c
	
	
	1980-2000

 
	Central

	02_MF_HR_V2_CZ4_GH_i
	
	
	
	Individual

	02_MF_HR_V1_CZ4_HP_c
	
	Heat Pump

 

 

 
	Pre-1980

 
	Central

	02_MF_HR_V1_CZ4_HP_i
	
	
	
	Individual

	02_MF_HR_V2_CZ4_HP_c
	
	
	1980-2000

 
	Central

	02_MF_HR_V2_CZ4_HP_i
	
	
	
	Individual


Once each unique set of existing building conditions is established and reflected in in a base building model, the bundled measures are then modeled using the Alternatives Tab within EnergyPro. By simulating an EnergyPro model for each climate zone and starting condition, modeled energy savings are generated through an ECON-2 output report and provide energy savings for each individual measure and the interactive package of measures.

These packaged energy savings are then extracted from each individual ECON-2 report, and broken down to an individual unit level for each simulation. Once kWh, kW, and therms savings are collected on an individual unit level, these savings are multiplied out by weighted climate zone market penetration assumptions. 

Each EnergyPro run’s associated energy savings is a product of its specific per unit energy savings and the weighted frequency of market penetration within that climate zone. 

Table 18. Example High-rise Electric Energy Savings (CZ 4)
	Run Name
	CZ
	# of projects*
	total kWh

	02_MF_HR_V1_CZ4_EH_c
	4
	63
	115416

	02_MF_HR_V1_CZ4_EH_i
	
	63
	28791

	02_MF_HR_V2_CZ4_EH_c
	
	63
	84168

	02_MF_HR_V2_CZ4_EH_i
	
	63
	84168

	02_MF_HR_V1_CZ4_GH_c
	
	63
	50967

	02_MF_HR_V1_CZ4_GH_i
	
	63
	15183

	02_MF_HR_V2_CZ4_GH_c
	
	63
	41328

	02_MF_HR_V2_CZ4_GH_i
	
	63
	41328

	02_MF_HR_V1_CZ4_HP_c
	
	63
	132489

	02_MF_HR_V1_CZ4_HP_i
	
	63
	132489

	02_MF_HR_V2_CZ4_HP_c
	
	63
	55062

	02_MF_HR_V2_CZ4_HP_i
	
	63
	55062


Then, the frequency is spaced over the program period based on the proposed ramp-up rate, and rounded to reflect energy savings based on whole projects.

Table 19. Example High-rise Distribution of Projects During Timeframe (CZ 4)
	2013Q1
	2013Q2
	2013Q3
	2013Q4
	2014Q1
	2014Q2
	2014Q3
	2014Q4
	Total  

	3
	3
	6
	6
	9
	9
	13
	13
	62


With the steps listed above, we now have the total energy savings associated with the entire High-Rise multi-family subprogram, based on energy savings associated with each individual EnergyPro run and the weighted market penetration for each run per climate zone. Next, we determined the cost per project based on the specific package of bundled measures associated with each vintage, climate zone, and existing conditions. Cost analysis can be found in Section 4.
2.2. Demand Reduction Estimation Methodologies
The energy savings calculation methodology described in Section 2.1 also applies to demand reduction and gas energy savings for both Low-Rise and High-Rise building types.  Sample results for limited Climate Zones and Run Names are listed in Tables 20 and 21.
Low Rise Demand Reduction
Table 20. Example Low-rise Demand Reduction (CZ 2)
	Run Name
	CZ
	# of projects per Run
	total kW per Run

	02_MF_LR_V1_CZ2_EH_c
	2
	22
	8.8

	02_MF_LR_V1_CZ2_EH_i
	
	22
	6.6

	02_MF_LR_V2_CZ2_EH_c
	
	22
	24.2

	02_MF_LR_V2_CZ2_EH_i
	
	22
	22

	02_MF_LR_V1_CZ2_GH_c
	
	22
	8.8

	02_MF_LR_V1_CZ2_GH_i
	
	22
	6.6

	02_MF_LR_V2_CZ2_GH_c
	
	22
	24.2

	02_MF_LR_V2_CZ2_GH_i
	
	22
	24.2

	02_MF_LR_V1_CZ2_HP_c
	
	22
	8.8

	02_MF_LR_V1_CZ2_HP_i
	
	22
	6.6

	02_MF_LR_V2_CZ2_HP_c
	
	22
	24.2

	02_MF_LR_V2_CZ2_HP_i
	
	22
	22


High Rise Demand Reduction
Table 21. Example High-rise Demand Reduction (CZ 4)
	Run Name
	CZ
	# of projects*
	Total kW per Run

	02_MF_HR_V1_CZ4_EH_c
	4
	63
	50.4

	02_MF_HR_V1_CZ4_EH_i
	
	63
	12.6

	02_MF_HR_V2_CZ4_EH_c
	
	63
	44.1

	02_MF_HR_V2_CZ4_EH_i
	
	63
	44.1

	02_MF_HR_V1_CZ4_GH_c
	
	63
	56.7

	02_MF_HR_V1_CZ4_GH_i
	
	63
	12.6

	02_MF_HR_V2_CZ4_GH_c
	
	63
	50.4

	02_MF_HR_V2_CZ4_GH_i
	
	63
	50.4

	02_MF_HR_V1_CZ4_HP_c
	
	63
	56.7

	02_MF_HR_V1_CZ4_HP_i
	
	63
	56.7

	02_MF_HR_V2_CZ4_HP_c
	
	63
	44.1

	02_MF_HR_V2_CZ4_HP_i
	
	63
	44.1


2.3. Gas Energy Savings Estimation Methodologies

The energy savings calculation methodology described in Section 2.1 also applies to demand reduction and gas energy savings for both Low-Rise and High-Rise building types.  Sample results for limited Climate Zones and Run Names are listed in Tables 22 and 23.
Low Rise Gas Energy Savings
Table 22. Example Low Rise Gas Energy Savings (CZ 2)
	Run Name
	CZ
	# of projects per Run
	Total therms per Run

	02_MF_LR_V1_CZ2_EH_c
	2
	22
	704

	02_MF_LR_V1_CZ2_EH_i
	
	22
	1012

	02_MF_LR_V2_CZ2_EH_c
	
	22
	638

	02_MF_LR_V2_CZ2_EH_i
	
	22
	1012

	02_MF_LR_V1_CZ2_GH_c
	
	22
	1166

	02_MF_LR_V1_CZ2_GH_i
	
	22
	1474

	02_MF_LR_V2_CZ2_GH_c
	
	22
	814

	02_MF_LR_V2_CZ2_GH_i
	
	22
	1188

	02_MF_LR_V1_CZ2_HP_c
	
	22
	704

	02_MF_LR_V1_CZ2_HP_i
	
	22
	1012

	02_MF_LR_V2_CZ2_HP_c
	
	22
	638

	02_MF_LR_V2_CZ2_HP_i
	
	22
	1012


High Rise Gas Energy Savings
Table 23. Example High-rise Gas Energy Savings (CZ 4)
	Run Name
	CZ
	# of projects*
	Total therms per Run

	02_MF_HR_V1_CZ4_EH_c
	4
	63
	0

	02_MF_HR_V1_CZ4_EH_i
	
	63
	2898

	02_MF_HR_V2_CZ4_EH_c
	
	63
	1764

	02_MF_HR_V2_CZ4_EH_i
	
	63
	2898

	02_MF_HR_V1_CZ4_GH_c
	
	63
	3465

	02_MF_HR_V1_CZ4_GH_i
	
	63
	4221

	02_MF_HR_V2_CZ4_GH_c
	
	63
	2205

	02_MF_HR_V2_CZ4_GH_i
	
	63
	3339

	02_MF_HR_V1_CZ4_HP_c
	
	63
	0

	02_MF_HR_V1_CZ4_HP_i
	
	63
	0

	02_MF_HR_V2_CZ4_HP_c
	
	63
	7560

	02_MF_HR_V2_CZ4_HP_i
	
	63
	0


2.4. Combined Energy Savings Estimation Methodologies

Individual EnergyPro runs were generated to reflect various baseline conditions for the HVAC system, DHW, vintage and climate zone. Bundled energy savings were then applied to a weighted number of projects per climate zone as discussed above. The total energy savings for all unique run IDs was then complied for LR and HR building types. Table 24 below shows the individual measure percent savings and the bundled savings for each package of measures for each unique EnergyPro simulation within this specific climate zone for low-rise buildings. 

Table 24. Low-rise Measure Percent Savings and Package Savings by Climate Zone (CZ 2)
	Run ID
	CZ
	HVAC
	Vintage
	Individual Measure Savings

	
	
	
	
	DHW
	Roof insulation
	HVAC system
	Duct leakage
	Refrg. charge
	DHW
	Bundled Total Savings (ECON-2)

	02_MF_LR_V1_CZ2_EH_c
	2
	Electric Heat


	Pre-1980


	Central
	2.1%
	
	3.9%
	0.5%
	8.0%
	14.0%

	02_MF_LR_V1_CZ2_EH_i
	
	
	
	Individual
	1.8%
	
	3.4%
	
	10.0%
	15.1%

	02_MF_LR_V2_CZ2_EH_c
	
	
	1980-2000


	Central
	-0.9%
	7.5%
	2.7%
	0.3%
	8.3%
	17.1%

	02_MF_LR_V2_CZ2_EH_i
	
	
	
	Individual
	0.0%
	6.8%
	2.4%
	
	11.3%
	19.4%

	02_MF_LR_V1_CZ2_GH_c
	
	Gas Heat


	Pre-1980


	Central
	2.3%
	
	4.5%
	0.4%
	7.4%
	14.3%

	02_MF_LR_V1_CZ2_GH_i
	
	
	
	Individual
	2.0%
	
	4.0%
	
	9.5%
	15.3%

	02_MF_LR_V2_CZ2_GH_c
	
	
	1980-2000


	Central
	-1.0%
	2.3%
	3.2%
	0.3%
	8.0%
	12.6%

	02_MF_LR_V2_CZ2_GH_i
	
	
	
	Individual
	-0.9%
	2.0%
	2.8%
	0.3%
	11.0%
	15.0%

	02_MF_LR_V1_CZ2_HP_c
	
	Heat Pump


	Pre-1980


	Central
	1.9%
	
	3.1%
	0.5%
	8.4%
	13.5%

	02_MF_LR_V1_CZ2_HP_i
	
	
	
	Individual
	1.6%
	
	2.7%
	
	10.5%
	14.7%

	02_MF_LR_V2_CZ2_HP_c
	
	
	1980-2000


	Central
	-0.7%
	3.5%
	2.1%
	0.3%
	8.7%
	13.5%

	02_MF_LR_V2_CZ2_HP_i
	
	
	
	Individual
	0.0%
	3.1%
	1.9%
	
	11.7%
	16.2%


Table 25 below shows the actual energy savings in units (kWh, kW, and therms) as generated for each EnergyPro run and then divided by the number of units to arrive at a per unit savings.
Table 25. Example Actual Energy Savings Per Unit (CZ 2)

	Run Name
	CZ
	HVAC
	Vintage
	All Improvements

	
	
	
	
	kWh saved per unit
	Therms saved per unit
	kW saved per unit
	Total Bldg kWh saved
	Total Bldg therms saved
	Total Bldg kW saved
	kWh saved per unit

	02_MF_LR_V1_CZ2_EH_c
	2
	Electric Heat


	Pre-1980


	717.7
	32.2
	0.43
	28709
	1289
	17.35
	717.7

	02_MF_LR_V1_CZ2_EH_i
	
	
	
	677.2
	46.1
	0.32
	27089
	1842
	12.64
	677.2

	02_MF_LR_V2_CZ2_EH_c
	
	
	1980-2000


	906.2
	29.0
	1.09
	36246
	1161
	43.4
	906.2

	02_MF_LR_V2_CZ2_EH_i
	
	
	
	978.7
	46.1
	1.04
	39146
	1842
	41.63
	978.7

	02_MF_LR_V1_CZ2_GH_c
	
	Gas Heat


	Pre-1980


	261.0
	53.0
	0.43
	10439
	2120
	17.35
	261.0

	02_MF_LR_V1_CZ2_GH_i
	
	
	
	220.5
	66.8
	0.32
	8819
	2673
	12.64
	220.5

	02_MF_LR_V2_CZ2_GH_c
	
	
	1980-2000


	258.5
	37.0
	1.09
	10339
	1479
	43.4
	258.5

	02_MF_LR_V2_CZ2_GH_i
	
	
	
	258.5
	54.0
	1.09
	10339
	2160
	43.4
	258.5

	02_MF_LR_V1_CZ2_HP_c
	
	Heat Pump


	Pre-1980


	579.9
	32.2
	0.43
	23195
	1289
	17.35
	579.9

	02_MF_LR_V1_CZ2_HP_i
	
	
	
	539.4
	46.1
	0.32
	21575
	1842
	12.64
	539.4

	02_MF_LR_V2_CZ2_HP_c
	
	
	1980-2000


	474.6
	29.0
	1.09
	18983
	1161
	43.4
	474.6

	02_MF_LR_V2_CZ2_HP_i
	
	
	
	525.0
	46.1
	1.04
	21000
	1842
	41.63
	525.0


Table 26 below provides the total energy savings (kWh, kW, therms) per unique run ID, based on the savings per dwelling unit and the weighted frequency of each specific run based on climate zone population.
Table 26. Example Total Energy Savings by Run ID (CZ 2)

	Run Name
	CZ
	HVAC
	Vintage
	# of projects
	total therms
	total kW
	total kWh

	02_MF_LR_V1_CZ2_EH_c
	2
	Electric Heat


	Pre-1980


	22
	708.95
	9.5425
	631598

	02_MF_LR_V1_CZ2_EH_i
	
	
	
	22
	1013.1
	6.952
	595958

	02_MF_LR_V2_CZ2_EH_c
	
	
	1980-2000


	22
	638.55
	23.87
	797412

	02_MF_LR_V2_CZ2_EH_i
	
	
	
	22
	1013.1
	22.8965
	861212

	02_MF_LR_V1_CZ2_GH_c
	
	Gas Heat


	Pre-1980


	22
	1166
	9.5425
	229658

	02_MF_LR_V1_CZ2_GH_i
	
	
	
	22
	1470.15
	6.952
	194018

	02_MF_LR_V2_CZ2_GH_c
	
	
	1980-2000


	22
	813.45
	23.87
	227458

	02_MF_LR_V2_CZ2_GH_i
	
	
	
	22
	1188
	23.87
	227458

	02_MF_LR_V1_CZ2_HP_c
	
	Heat Pump


	Pre-1980


	22
	708.95
	9.5425
	510290

	02_MF_LR_V1_CZ2_HP_i
	
	
	
	22
	1013.1
	6.952
	474650

	02_MF_LR_V2_CZ2_HP_c
	
	
	1980-2000


	22
	638.55
	23.87
	417626

	02_MF_LR_V2_CZ2_HP_i
	
	
	
	22
	1013.1
	22.8965
	462000


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 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.  

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

Low-Rise Measure Costs
Cost was determined per project based on the specific package of bundled measures associated with each vintage, climate zone, and existing conditions.

To estimate the cost of each LR project, the DEER cost data from the MF HERCC 2011 study was utilized, and a cost per measure was established for reference. The cost per measure was dependent on vintage, specific existing conditions per climate zone, and mechanical system type. Here is an example of the Low-Rise measure measures cost table for vintage 1 (pre-1980) multi-family projects, which establishes the baseline and improved condition assumptions for each measure:

Table 27. Low-Rise Energy Efficiency Measures Used in Pre-1980 Calculations

	Measure
	Baseline
	Improved

	Attic Insulation
	R-11
	R-38

	Replace A/C system
	SEER 8.9
	SEER 16.0

	Replace furnace
	.78 AFUE
	.81 AFUE

	Replace Heat Pump
	HSPF / SEER 8.0
	8 HSPF / SEER 16.0

	Replace Ductwork
	R-2 / 28%
	R-8 / 6%

	Refrigerant Charge
	Standard
	Verified

	Water Heater
	EF .525
	EF .62


With the conditions set, here is the remainder of the table which provides the DEER cost data assumptions:

Table 28. Low-rise Energy Efficiency Measures DEER Cost Data/ MF HERCC Data

	Pre-1980 Measures 
	DEER Cost Data - MF HERCC Study
	MF HERCC Cost Assumptions

 

	Measure
	Material
	Labor
	Total/DU
	

	Attic Insulation
	0.75/s.f.
	0.61/s.f.
	$478
	Total Cost for building divided by 40

	Replace A/C system
	$969
	$448
	$1,417
	Assuming 1.5-ton

	Replace furnace
	$725
	$448
	$1,173
	 

	Replace Heat Pump
	$1,070
	$448
	$1,518
	Assuming 1.5-ton

	Replace Ductwork
	$87/DU
	$850/DU
	$937
	30 ft per unit

	Refrigerant Charge
	$12/ton
	$37/ton
	$72
	Assuming 1.5-ton

	Water Heater
	$598/DU
	$164/DU
	$762
	Individual unit 40-gallon


This list of measures was derived from the MF HERCC 2011 study recommended menu of package measures, and altered to reflect bundled packages averaging 15% site savings. The bundled package changes based on vintage, climate zone, and existing equipment type, but averages 15% across both the Low-Rise and High-Rise programs. 

With and established cost per measure for each vintage, each unique EnergyPro run has a total cost based on the individual measures and the cumulative cost for the package. This is then totaled across each climate zone and vintage to establish the total cost for all 3000 Low-Rise projects.

High-Rise Measure Costs

To estimate the cost of each HR project, the DEER cost data from the MF HERCC 2011 study was utilized, and a cost per measure was established for reference. The cost per measure was dependent on vintage, specific existing conditions per climate zone, and mechanical system type. Here is an example of the High-Rise measure measures cost table for vintage 2 (1980-2000) multi-family projects, which establishes the baseline and improved condition assumptions for each measure:

Table 29. High-rise Energy Efficiency Measures Used in Pre-1980 Calculations

	Measure
	Baseline
	Improved

	Attic Insulation
	R-19 or R-30
	R-38

	Replace A/C system
	SEER 8.9
	SEER 16.0

	Replace furnace
	.75AFUE
	.81AFUE

	Replace Heat Pump
	HSPF / SEER 8.0
	8 HSPF / SEER 16.0

	Duct Sealing
	0.28
	0.06

	Refrigerant Charge
	Standard
	Verified

	Water Heater
	EF .525
	EF .62


With the conditions set, here is the remainder of the table which provides the DEER cost data assumptions:

Table 30.  High-rise Energy Efficiency Measures: DEER and HERCC Data

	Pre-1980 Measures 
	DEER Cost Data - MF HERCC Study
	MF HERCC Cost Assumptions

	Measure
	Material
	Labor
	Total/DU
	 

	Attic Insulation
	0.4/s.f.
	0.45/s.f.
	$300
	Total Cost for building divided by 40

	Replace A/C system
	$969
	$448
	$1,417
	Assuming 1.5-ton

	Replace furnace
	$725
	$448
	$1,173
	 

	Replace Heat Pump
	$1,070
	$448
	$1,518
	Assuming 1.5-ton

	Duct Sealing
	$56/DU
	$442/DU
	$498
	30 ft per unit

	Refrigerant Charge
	$12/ton
	$37/ton
	$72
	Assuming 1.5-ton

	Water Heater
	$598/DU
	$164/DU
	$762
	Individual unit 40-gallon


This list of measures was derived from the MF HERCC study recommended menu of package measures, and altered to reflect bundled packages averaging 15% site savings. The bundled package changes based on vintage, climate zone, and existing equipment type, but averages 15% across both the Low-Rise and High-Rise programs. 

With and established cost per measure for each vintage, each unique EnergyPro run has a total cost based on the individual measures and the cumulative cost for the package. This is then totaled across each climate zone and vintage to establish the total cost for all 3000 High-Rise projects.
4.3 Incremental & Full Measure Costs

Because the base case cost is zero, the incremental and full measure costs are the same as the measure costs mentioned above for LR and HR building structures. 
Appendix A-1. Multi-family Title 24 Vintage Baseline CEC Default Values

	Multi-family Vintage Baselines (Based on CEC Defaults)

	

	Component
	Pre-1980
	1980 - 2000
	2001 - 2005
	2006 - 2009
	2010+

	 
	 
	 
	 
	CLZ 1,3-7
	CLZ 2, 8-16
	 
	CLZ 1,3-7
	CLZ 2, 8-16
	 

	Insulation
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Roof/Attic
	R-11
	R-19
	R-30
	R-30
	R-30
	R-38
	Current T-24 for Specific Climate Zone

	 
	Walls
	R-0
	R-11
	R-11
	R-13
	R-13
	R-13
	

	 
	Raised Floors
	R-0
	R-19
	R-19
	R-19
	R-19
	R-19
	

	 
	Slab
	No insulation
	No insulation
	No insulation
	No insulation
	No insulation
	No insulation
	

	Glazing
	 
	 
	 
	 
	 
	 
	 
	 
	

	 
	Type
	Single Pane, Metal
	Dual Pane, Metal
	Dual Pane, Metal
	Dual Pane, Metal
	Dual Pane Vinyl
	Dual Pane Vinyl
	

	 
	U-Factor
	1.19
	0.71
	0.71
	0.71
	0.55
	0.40
	

	 
	SHGC
	0.83
	0.73
	0.73
	0.73
	0.67
	0.40
	

	HVAC
	 
	 
	 
	 
	 
	 
	 
	 
	

	 
	Heating 
	 
	 
	 
	 
	 
	 
	 
	

	 
	 
	Gas (AFUE) Central
	0.75
	0.78
	0.78
	0.78
	0.78
	0.78
	

	 
	 
	Gas (AFUE) fan wall
	0.73
	0.73
	0.73
	0.73
	0.73
	0.73
	

	 
	 
	Gas (AFUE) gravity wall
	0.65
	0.65
	0.65
	0.65
	0.65
	0.65
	

	 
	 
	Electric (HSPF) HP
	5.6
	6.6
	6.6
	6.8
	6.8
	6.8
	

	 
	 
	Electric (HSPF) Electric Resistance
	3.413
	3.413
	3.413
	3.413
	3.413
	3.413
	

	 
	Cooling (if any)
	 
	 
	 
	 
	 
	 
	 
	

	 
	
	SEER- Split
	8.0
	8.9
	8.9
	9.7
	13.0
	13.0
	

	 
	
	EER- split
	NA
	NA
	NA
	NA
	NA
	NA
	

	 
	Ducts (if ducted system)
	 
	 
	 
	 
	 
	 
	

	 
	
	Insulation
	R-2.1
	R-2.1
	R-4.2
	R-4.2
	R-4.2 / 6
	R-6 / 8
	

	 
	
	Leakage 
	28%
	28%
	28%
	22%
	22%
	22%
	

	Water Heating (Individual)
	.525 EF
	.525 EF
	.525 EF
	.575 EF
	.575 EF
	.575 EF
	

	Water Heating (Central
	.72 RE
	.74 RE
	.74 RE
	.78 RE
	.80 RE
	.80 RE
	

	Infiltration (SLA)
	4.9
	4.9
	4.9
	4.9
	4.9
	4.9
	

	Other Conservation Features
	 
	 
	 
	 
	 
	 
	

	 
	Thermostat
	 
	Non Set-Back
	Set-Back
	Set-Back
	Set-Back
	Set-Back
	Set-Back
	


References 

� Title 24 Vintage Table defaults for Multifamily units can be found in Appendix A-1


� California Home Energy Retrofit Coordinating Committee (HERCC) 2011 multifamily report: “Improving California’s Multifamily Buildings: Opportunities and Recommendations for Green Retrofit & Rehab programs: Findings from the Multifamily Sub-Committee of the California Home Energy Retrofit Coordinating Committee”. ( Appendix A-2)


� EnergyPro (v. 5.1.7.5) developed by EnergySoft [ www.energysoft.com ]


� 2010 US Census Data for Physical Housing Characteristics: [http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_10_3YR_DP04&prodType=table]
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