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Executive Summary 

The energy efficiency savings calculated in the Like to Like Tool are based on the replacement of older, less efficient, baseline equipment with newer, more efficient, measure equipment.  The measure equipment must have approximately the same input rating (connected gas load) as the baseline boiler, and both must deliver the same amount of heat to the product (e.g., hot water or steam) on an annual basis (i.e., customer demand for product heating does not change).  
This energy efficiency measure can be any piece of industrial or commercial gas-fired equipment that can be characterized by a single efficiency parameter or gas consumption per unit of production.  The equipment efficiency characterizes the heat added to the product as a percentage of the heat content of the natural gas used to heat that product.  The equipment gas consumption per unit of production is the heat content of the natural gas used to heat the product per unit of production.  
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1.
Overview
This workpaper addresses the replacement of gas equipment with like equipment of greater efficiency covered by the Business Energy Efficiency Programs (BEEP).  A brief summary of the important parameters follows:  

· Annual Gas Use – The estimated consumption of natural gas by the baseline equipment in a recent 12-month period (therms/year).  
· Equipment Efficiency – The equipment efficiency characterizes the heat content of output product as a percentage of the heat content of the natural gas used to produce that product.  
· Equipment Gas Consumption per Unit of Production – The equipment performance can also be characterized by the equipment gas consumption per unit of production, or the specific gas consumption.  

· Annual Gas Savings – The annual gas savings (therms/year) is the difference between the annual gas use by the baseline equipment and the calculated annual gas use by the measure equipment.  
Only one efficiency parameter, either efficiency or specific gas consumption, is needed for the gas savings calculation.  

2.
Annual Gas Use
To determine the potential impact of an energy efficiency measure for a gas-fired system, it is first necessary to have an estimated gas use for the system prior to the implementation of the measure.  In general, a single gas meter is used to supply all gas equipment located at a customer’s site.  Therefore, in order to determine the gas use for an individual gas system – for example, a boiler – it is necessary to examine all gas equipment supplied by the gas meter and estimate the fraction of gas used by the gas system of interest.  

To provide a standardized estimate of the baseline annual fuel use for gas equipment, The Gas Company developed a Load Balance Tool
.  This tool allows the user to enter pertinent data for all gas equipment fed by a common meter.  The tool then allocates the known annual therms recorded by the meter to all gas systems supplied by the meter.  

For the energy efficiency calculations included in this workpaper, the annual gas use calculated from the Load Balance Tool should be used as a starting point.  The equations and assumptions used in the Load Balance Tool are summarized in a separate document
.  
3.
Equipment Efficiency
The energy efficiency savings calculated in this workpaper are based on the replacement of older, less efficient, baseline equipment with newer, more efficient, measure equipment.  This situation is illustrated in Figure 1.  
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Figure 1.
Energy Flow in Gas-Fired Equipment
The equipment efficiency characterizes the heat added to the output product as a percentage of the heat released from the combustion of the natural gas used to heat that product.  A simple example is the thermal efficiency of a hot water boiler.  The baseline efficiency is the efficiency of the baseline equipment according to the manufacturer’s specification.  The measure efficiency for the high-efficiency measure equipment replacing the baseline equipment is also taken from the manufacturer’s specification.  For example, the “thermal efficiency” of a boiler is a measure of the percentage of heat from the combustion of gas that is transferred to the hot water or steam, as determined using the applicable test methods in the California Code of Regulations, Title 20, Section 1604(e).  Another example is the annual fuel utilization efficiency (AFUE).  The AFUE of a small boiler or gas furnace is a measure of the percentage of heat from the combustion of gas that is transferred to the material being heated during a year, as determined using the applicable test method in California Code of Regulations, Title 20, Section 1604(e), which is consistent with standards developed by the U.S. Department of Energy.  

The equipment performance can also be characterized by the equipment gas consumption per unit of production, or the specific gas consumption.  A simple example is to express performance as Btu of gas consumed per pound of product.  The baseline specific gas consumption is the specific gas consumption of the baseline equipment according to the manufacturer’s specification.  The measure specific gas consumption for the high-efficiency measure equipment replacing the baseline equipment is also taken from the manufacturer’s specification.  

Only one efficiency parameter, either efficiency or specific gas consumption, is needed for the gas savings calculation.  For this gas savings tool, it is recommended that the efficiency or specific gas consumption for the baseline equipment be based on the manufacturer’s literature or nameplate rating.  If efficiency measurements have been conducted by the customer, these measurements can be used in the absence of manufacturer’s data.  The efficiency or specific gas consumption for the new measure equipment should be based on manufacturer’s data that has been developed in accordance with accepted efficiency measurement standards.  
4.
Gas Savings Calculations
Gas savings is accomplished by replacing existing gas-fired equipment (baseline equipment) with new equipment having higher efficiency or lower specific gas consumption than the baseline equipment (measure equipment).  As illustrated in Figure 2, the following assumptions are used to calculate gas savings:  

· Measure equipment has approximately the same input rating as the baseline equipment
· Both baseline and measure equipment deliver the same amount of heat to the product on an annual basis (i.e., customer demand does not change)
· The gas-fired equipment can be characterized by a single efficiency or specific gas consumption parameter.  
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Figure 2.
Baseline and Measure Equipment Deliver the Same Useful Energy
With these assumptions, the energy saved by replacing the equipment can be calculated from the efficiency as follows:  
∆Q = A x (1- Eb/Em)






Eqn-1
or the energy saved can be calculated from the specific gas consumption as follows:  
∆Q = A x (1- Sm/Sb)






Eqn-2
where

· ∆Q – Energy saved (therms/yr) as a result of installing the measure equipment
· A – Baseline annual fuel use (existing equipment) (therms/yr)

· Eb – Efficiency (%) of the baseline unit being replaced (also called the reference efficiency)

· Em – Efficiency (%) of the measure high-efficiency unit (also called the measure efficiency)

· Sb – Specific gas consumption (Btu/unit of production) of the baseline unit being replaced
· Sm – Specific gas consumption (Btu/unit of production) of the measure unit

An Excel spreadsheet
 is available to calculate gas savings for this measure.  The user must select the method to characterize the equipment performance, i.e., efficiency or specific gas consumption.  The user interface for calculating the gas savings based on an efficiency parameter is shown in Figure 3.  The user interface for calculating the gas savings based on the specific gas consumption is shown in Figure 4.  See Appendix B for several validation result cases.  
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Figure 3.
Tool for Calculating Gas Savings when Equipment Performance is Characterized by Efficiency
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Figure 4.
Tool for Calculating Gas Savings when Equipment Performance is Characterized by Specific Gas Consumption
Appendix A
Validation Cases

Table 1 provides a few validation cases for Like to Like equipment replacement when the equipment performance is characterized by efficiency.  The baseline efficiency is the rated efficiency of the existing equipment, expressed as a percentage.  The measure efficiency is the rated efficiency of the replacement equipment, also expressed as a percentage.  The annual gas use (therms/year) is calculated in the Load Balance Tool.  The annual gas savings (therms/year) is calculated in the Like to Like Tool, based on the assumptions that the input rating of the measure equipment approximately matches that of the baseline equipment, and the thermal load (the amount of heat added to the product) is the same for the measure equipment as for the baseline equipment.  
Table 1.
Validation Cases for Like to Like Tool Characterized by Efficiency
	Parameter
	Case 1
	Case 2
	Case 3
	Case 4

	Equipment Input Rating (MBtuh)
	1,000
	2,000
	10,000
	50,000

	Operating time (hrs/yr)

	7,749
	7,749
	7,749
	7,749

	Load Factor
	0.4
	0.4
	0.4
	0.4

	Baseline equipment efficiency (%)
	78.0%
	78.0%
	80.0%
	78.0%

	Measure equipment efficiency (%)
	84.0%
	95.0%
	84.0%
	84.0%

	Annual gas use (therms/year)
	30,996
	61,992
	309,960
	1,549,800

	Annual savings (therms/year)
	2,214
	11,093
	14,760
	110,700

	Gas rate ($/therm)
	$0.95
	$0.95
	$0.95
	$0.95

	Annual cost savings ($/year)
	$2,103
	$10,539
	$14,022
	$105,165


Table 2 provides a few validation cases for Like to Like equipment replacement when the equipment performance is characterized by specific gas consumption.  The baseline specific gas consumption is the rated specific gas consumption of the existing equipment.  The measure specific gas consumption is the rated specific gas consumption of the replacement equipment, expressed in the same units as for the baseline equipment.  The annual gas use (therms/year) is calculated in the Load Balance Tool.  The annual gas savings (therms/year) is calculated in the Like to Like Tool, based on the assumptions that the input rating of the measure equipment approximately matches that of the baseline equipment, and the thermal load (the amount of heat added to the product) is the same for the measure equipment as for the baseline equipment.  
Table 2.
Validation Cases for Like to Like Tool Characterized by Specific Gas Consumption
	Parameter
	Case 1
	Case 2
	Case 3
	Case 4

	Equipment Input Rating (MBtuh)
	1,000
	2,000
	10,000
	50,000

	Operating time (hrs/yr)
	7,749
	7,749
	7,749
	7,749

	Load Factor
	0.4
	0.4
	0.4
	0.4

	Baseline equipment efficiency (%)
	500
	2.0
	1600
	1200

	Measure equipment efficiency (%)
	450
	1.6
	1500
	1100

	Annual gas use (therms/year)
	30,996
	61,992
	309,960
	1,549,800

	Annual savings (therms/year)
	3,100
	12,398
	19,373
	129,150

	Gas rate ($/therm)
	$0.95
	$0.95
	$0.95
	$0.95

	Annual cost savings ($/year)
	$2,945
	$11,778
	$18,404
	$122,693
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�  Load Balance Tool v0.11, The Gas Company, March 2006. 


�  Load Balance Tool, The Gas Company, March 2006.  


�  Like to Like Tool v1.14, The Gas Company, April 2006.  


�  The Operating Time is based on 365 days per year.  
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