Work Paper PGE3PAGR113
Revision 0
Pacific Gas & Electric Company
Customer Energy Solutions 
Scroll Compressor
Measure Code R161

EnSave Inc.

At a Glance Summary

	Applicable Measure Codes:
	R161

	Measure Description: 
	Scroll Compressor 

	Energy Impact Common Units: 
	Scroll Compressor installed.

	Base Case Description:
	Reciprocating Compressor

	Base Case Energy Consumption: 
	Source: EnSave Calculations 

	Measure Energy Consumption:
	Source: EnSave Calculations

	Energy Savings ((Base Case – Measure) x Interactive Effects)
	Source: EnSave Calculations

	Costs Common Units: 
	Scroll Compressor installed. Include Source

	Base Case Equipment Cost ($/unit):
	$2,583, see Section 4.1

	Measure Equipment Cost ($/unit): 
	$2,985, per Measure Cost Data SC PGE3PAGR113, Section 4.2

	Measure Incremental Cost ($/unit): 
	$402, see Section 4.3

	Effective Useful Life (years): 
	12 years, per SPTdata_ format-v0.97

	Measure Application Type:
	Replace on Burnout (ROB)

	Net-to-Gross Ratios: 
	NTGR = 0.6:  

Agric-Default>2yrs “All other EEMs with no evaluated NTGR; existing EEM in programs with same delivery mechanism for more than 2 years”

 (DEER2011_NTGR_2012-05-16.xls Cell T58)

Source2: DEER 2011 V4.01
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	Measure Code
	Version Source
	Measure 
Description
	Measure Application Type
	Building Type
	Building Vintage
	Climate Zone
	Unit Definition
	KW
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	KWh
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Section 1. General Measure & Baseline Data

1.1 Product Measure Description & Background
This measure saves energy by replacing standard efficiency reciprocal compressors with high efficiency scroll compressors on milk cooling systems.  There are numerous configurations of milk cooling systems on California dairies, but all use some form of mechanical vapor-compression refrigeration.
1.2 Product Technical Description
Scroll compressors use two interlocking scroll lobes, one stationary and one moving in an orbiting circular path, to compress refrigerant vapor in an aerodynamically more efficient way than a piston/cylinder/valve configuration of a reciprocal compressor.  Scroll compressors have higher initial efficiency, have fewer moving parts, and are quieter than reciprocal compressors.  In addition, their efficiency actually increases over time, while a reciprocal compressor degrades.

1.3 Measure Application Type
This measure is considered ROB (replace on burnout) as there is only a single baseline used for savings evaluation.

1.4 Product Base Case and Measure Case Data
Base case for this measure is a reciprocating compressor installed on the milk bulk tank refrigeration system.
1.4.1 DEER Base Case and Measure Case Information

Table 1. DEER USE and Technology Table
[image: image1.emf]Use Category Description Use Category Use Sub Category Description Use Sub Category

Process refrigeration ProcRefrig Product chilling ProcRef-ProdChl

Technology Groups Description Technology Groups Technology Types Descriptions Technology Types

Liquid Chilling Equipment Chiller Scroll Water Chillers Scroll

DEER USE and TECHNOLOGY TABLE


Net-to-Gross ratio for this work paper is based on DEER2011_NTGR_2012-05-16.xls from DEER Database for Energy-Efficient Resources; Version 2011 4.01
.  REF _Ref328383270 \h 
 \* MERGEFORMAT 2 below shows the description of the applicable Net-to-Gross ratio for this measure. 

Table 2: Net-to-Gross Ratios
	NTGR_ID
	Description
	Sector
	NTGR
	Documentation

	Agric-Default>2yrs
	All other EEMs with no evaluated NTGR; existing EEM in programs with same delivery mechanism for more than 2 years
	Ag
	0.6
	2011 DEER Update Report - Section 15 Table 15-3 T58


Effective Useful Life: DEER Version and Impact IDs

The Effective Useful Life estimates are taken from  SPTdata_ format-v0.97 for “Scroll Compressors for Builk Tanks” at line 492, Index #477 and match the intended measure.
	Building type 
	Bldg Vintage 
	Climate Zone 
	EUL (yrs)
	RUL (yrs)
	DEER Version
	Impact IDs

	Com
	n/a
	n/a
	12
	4.0
	DEER2011
	n/a


1.4.2 Codes & Standards Requirements Base Case and Measure Information

There are no applicable state or federal codes that dictate or restrict the energy saving potential of this measure.

1.4.3 EM&V, Market Potential, and Other Studies – Base Case and Measure Case Information

An EM&V study was completed for this measure as part of the California Multi Measure Farm Program by kW Engineering, and was summarized in a report dated March 15, 20072. This study focused on the installation of high efficiency options for five measures associated with milking at small, independent dairies. Evaluation results are based on calculations completed using data collected through end-use metering.
1.4.4 Assumptions and Calculations from other sources—Base and Measure Cases

There are no further data or calculations provided for the support of the measures in this workpaper.

Section 2. Calculation Methods

2.1 Electric Energy Savings Estimation Methodologies

Value: 26,729 annual kWh / Scroll Compressor installed. 
The equation used for this measure is as follows: 
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The factor of 1.75 kWh savings per day per 100 gallons of daily milk production is based on an EnSave analysis of EM&V data for the 2004-2005 California Multi Measure Farm comparing kWh/100 gallons of daily milk production for dairies with scroll compressors to those with reciprocating compressors. [provided as an Excel file, “EM&V Calc Scroll Compressor SC PGE3PAGR113” in the References section].

This annual 638.75 kWh savings per 100 gallons per day of milk production is then multiplied by the average daily milk production per Scroll Compressor unit, 41.846 hundred gallons per day, in the DEEP Measures Installed 06-08 SC Excel file listed in the References section.
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This value is also seen in the Excel object referenced above.

Scroll compressors are assumed utilized every day of the year, owing to the nature of dairy operations. 

2.2. Demand Reduction Estimation Methodologies

Value: 0.0 peak kW savings
There is no anticipated demand reduction associated with this measure.
A scroll compressor unit is more efficient in cooling the milk, however, typically the rated system capacity and the compressor horsepower for a scroll unit is comparable to the reciprocating compressor that it replaces. Thus the demand reduction kW is negligible as a result of this measure.
2.3. Gas Energy Savings Estimation Methodologies

There are no gas energy savings associated with this measure.
Section 3. Load Shapes

3.1 Base Cases Load Shapes

Base case Load Shape is the same as measure load shape.
3.2 Measure Load Shapes

Measure is an agricultural measure so the agricultural load shape is assumed in the E3 calculator
Section 4. Base Case & Measure Costs

4.1 Base Cases Costs

Base case costs are for similar sized reciprocating compressors
	Measure Code
	Measure Application Type
	Baseline
	Equipment Cost
	Labor / Installation Cost
	Maintenance / Other Cost
	Total Base Case Cost

	R161
	ROB
	Average cost for reciprocating compressors
	$2,022
	$516
	n/a
	$2,583


All costs are noted as $ per measure unit
Value: $2,583 per Reciprocating Compressor installed.  The measure cost is derived from a short market survey in February of 2013 as prior version of this paper used full measure cost and thus cost for reciprocating units was not captured at the same time Measure Case costs were captured.
Note: Material costs from the February 2013 sample were found to average $2,022 per Reciprocating Compressor in the 5hp to 10hp range. Labor and installation costs shown here are taken from the Measure Case Costs as $561 and are considered to be a zero-sum when comparing the Base Case and Measure Case costs. 
4.2 Measure Case Costs 

The Measure Case Costs are based on Excel-based analysis of measure installations in 2006-2008 as per reference: “DEEP Measures Installed 06-08 SC WPenNRPR0005”
	Measure Code
	Measure Application Type
	Baseline
	Equipment Cost
	Labor / Installation Cost
	Maintenance / Other Cost
	Total Measure Case Cost

	R161
	ROB
	Average cost for scroll compressors installed
	$2,424
	$561
	n/a
	$2,985


All costs are noted as $ per measure unit
Value: $2,985 per Scroll Compressor installed.  The measure cost is derived as the average cost taken from a sample of 25 installations in DEEP 2009-2012.
Note: Material costs from sample were found to be $2,424 per Scroll Compressor installed. Labor and installation costs from sample were found to be $561. 
Data used to determine average costs is found in referenced Excel file.

4.3 Incremental & Full Measure Costs

Incremental costs are used for this measure since the base case is a reciprocating compressor. 

Incremental cost = $402; Measure Case Cost $2,985 - Base Case Cost $2,583
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