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Background

The Comprehensive Packaged Air Conditioning System Program includes incentives for residential refrigerant charge and airflow service on unitary HVAC equipment.  The value of improving performance of an individual HVAC unit can be relatively easily quantified, and the means for effecting these improvements are fairly well-known.  However, programs for reducing utility-wide energy use and demand, through improved HVAC service, are in their infancy.  Therefore, there is limited evaluation research available that provides savings for such programs.  PECI used the best research available regarding such programs, used PECI data where relevant, and made reasonable assumptions where good program-level data was not available.  This discussion describes the assumptions and analysis methods, and their limitations.

Methodology
The estimated annual energy savings and summer demand reduction for residential refrigerant charge and airflow service within the directly calculated climate zones of the Southern California Edison (SCE) Company’s service area are summarized below:

	Table 1. Refrigerant Charge and Airflow Savings per Climate Zone.

	

	CZ
	Annual Energy Consumption (kWh) per Single Family Home
	Above Base Percent Energy Savings
	Above Code Annual Savings (kWh per Unit)
	Above Code Demand Reduction (kW per Unit)

	
	
	
	
	

	6
	1205
	12.6%
	150
	0.21

	10
	2335
	12.6%
	300
	0.25

	15
	6241
	12.6%
	775
	0.30


Other climate zones of the Southern California Edison (SCE) Company’s service area were calculated Energy and power savings calculated by multiplying climate zone-10, for this measure, by the proportion of this zone to climate zone-10, for residential equipment. 
The savings for this measure are simply the annual energy consumption per home multiplied by the percent energy savings (12.6%).  Baseline energy for this measure was calculated from hourly temperature data, for each of the three directly calculated climate zones, obtained from The Honeywell Estimator.  A home was assumed to have 2.5 tons of cooling.  A load of zero was assumed to be achieved at 70° F. and the design temperature was assumed to be 100% of full load.  Partial load hours between 70 and design temperature were distributed linearly across the cooling hours.  
For the impact of Refrigerant Charge and Airflow (RCA) services, the best information available was from Field Measurements of Air Conditioners with and without TXVs,  Robert Mowris & Associates, ACEEE Summer Study on Energy Efficiency in Buildings, 2004.  From this paper, we pulled three assumptions to use in our analysis:

1. 18% is the average improvement in energy efficiency ratio (EER) resulting from an RCA service.

2. 71% is the percentage change in kWh relative to the percentage change in EER.  I.e., 0.71=(kWhpost/kWhpre)/(EERpre/EERpost ). 

3. 12.6% is the average reduction in unit kWh as a result of an RCA service.  It is the product of the prior two numbers.

The following assumptions were used to calculate the per home energy consumption baseline:

· 95% is the percentage of residential peak cooling load that is dependent on ambient temperature.  

· 2.5 tons is the assumed average size of unit serving a house in climate zones 6, 10, and 15.  

95% is the percentage of residential peak cooling load that is dependent on ambient temperature, because residential loads are weather-dominated as described above.
Note that all of the energy calculations assume a properly-sized unit operating near full time at peak load.  Modestly higher savings would result from an oversized unit cycling to satisfy peak load, because of cycling losses.  Therefore, the calculations are conservative in that regard.

Other climate zones of the Southern California Edison (SCE) Company’s service area were calculated using the proportion to climate zone 10 for residential equipment measures.  The estimated energy savings for all climate zones are below in Table 2:
	Table 2. Refrigerant Charge and Airflow Savings per Climate Zone.

	

	CZ
	Annual Energy Consumption (kWh) per Single Family Home
	Percent Energy Savings
	Annual Savings (kWh per Unit)
	Demand Reduction (kW per Unit)

	
	
	
	
	

	6
	1205
	12.6%
	150
	0.21

	8
	
	
	274
	0.25

	9
	
	
	307
	0.21

	10
	2335
	12.6%
	300
	0.25

	13
	
	
	308
	0.26

	14
	
	
	288
	0.30

	15
	6241
	12.6%
	775
	0.30

	16
	
	
	59.8
	0.22


The following assumption was used for climate zones 8, 9, 13, 14, and 16:

1. Climate ZoneX Savings(this measure) / Climate Zone10 Savings(this measure) = Climate ZoneX Savings(equipment) / Climate Zone10 Savings(equipment)  (Where X = the current climate zone)
Energy and power savings calculated by multiplying climate zone-10, for this measure, by the proportion of this zone to climate zone-10, for commercial equipment, available in the table below:

	CZ
	Residential Air Source Unitary Air Conditioner Savings (kWh)
	Proportion of Climate ZoneX/Climate Zone10

	
	
	

	6
	7.6
	0.34

	8
	20.6
	0.91

	9
	23.1
	1.02

	10
	22.5
	1.00

	13
	23.1
	1.03

	14
	21.6
	0.96

	15
	51.6
	2.29

	16
	4.5
	0.2
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