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1.
Introduction 

This Workpaper is developed from the perspective of an Account Executive (AE) that is interested in evaluating energy efficiency opportunities at an industrial customer’s site.  In general, the AE needs to follow three general steps:

1. Determine gas consumption for individual process heating systems

2. Conduct qualitative assessment of energy efficiency opportunities (generally want to focus on the gas systems identified in Step #1 that consume the most gas)

3. Complete a detailed quantitative analysis for those energy efficiency measures that offer the best opportunities (typically focus on best measures identified in Step #2)
Tools have been developed to support each of these three steps.  The intent for the tools is to simplify the calculation process, and help AEs more quickly and consistently estimate energy efficiency savings.  The tools that have been developed include:

· Load Balance Tool (addresses Step #1)

· Score Card Tool (addresses Step #2

· Equipment Specific Tools (several separate resources that address Step #3)

Figure 1 illustrates how the tools are intended to be used.  In concept, the idea is to first run a load balance for the entire plant.  After balancing the load, a specific gas system can be chosen for analysis with the Score Card Tool.  The results of the Score Card Tool will show possible energy enhancement opportunities for the specific gas system chosen.  Based on the results of the Score Card, quantitative energy savings for a specific energy efficiency measure can then be computed using an equipment specific resource.

[image: image2]
Figure 1.
Approach for Identifying and Calculating Energy Savings
In practice, the Load Balance Tool and the Score Card Tool have been integrated into a single application.  This workpaper focuses on the integrated Load Balance & Score Card (LB&SC) Tool.  The Load Balance & Score Card (LB&SC) Tool automates the gas use scaling process, and provides a consistent and quick method for reconciling estimated and actual gas use data.  In addition to helping Account Executives and other staff balance gas loads, the LB&SC Tool includes a scoring methodology, which provides qualitative guidance on opportunities for enhanced energy efficiency.  

It is important to recognize that the LB&SC Tool does not yield a quantitative estimate for energy savings that may be derived as a result of implementing specific energy efficiency measures.  Rather, the LB&SC Tool is a starting point, and the user is referred to equipment specific calculation tools, which are available as separate resources, for detailed energy efficiency calculations.

2.
Load Balance 
To determine the impact of an energy efficiency measure, it is necessary to start with an accurate estimate of the gas consumption before the measure is implemented.  Determining the gas consumption prior to measure implementation is often complicated by the common practice of connecting multiple pieces of gas equipment downstream of a single gas meter.  An illustration of this situation is shown in Figure 2.  In this example, six natural gas systems are connected to a single gas meter at a customer’s location.  In general, billing data provides accurate information regarding the total volume of gas that passes through the meter.  However, the gas systems that are connected downstream of the meter are generally not sub-metered, and therefore direct measurements of gas use for individuals pieces of equipment are typically not readily available.  
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Figure 2.
Illustration of Multiple Gas Systems Connected to a Common Meter
A common approach for estimating the gas use for a single piece of equipment is to estimate the expected operating time and average firing rate.  The average firing rate is frequently determine by using an estimated load factor along with the full firing rate capacity, or connected load.  With these parameters, the gas use for a single gas system can be estimated.  To illustrate this approach, hypothetical usage and firing rate parameters for the gas equipment in Figure 2 are shown in Table 1.  
Table 1.
Hypothetical Customer – Gas Equipment List and Operating Profile
	Equipment
	Connected Load (gas input at full capacity, MMBtu/hr) 
	Load Factor
	Operating Schedule

	Annual Gas Use

(therms/yr)

	
	
	
	(hrs/day)
	(days/wk)
	(wks/yr)
	

	Boiler #1
	1.0
	0.16
	10
	7
	52
	5,840

	Boiler #2
	1.0
	0.16
	10
	7
	52
	5,840

	Furnace #1
	2.0
	0.20
	10
	5
	46
	9,225

	Furnace #2
	3.0
	0.20
	10
	5
	46
	13,838

	Incinerator #1
	4.0
	0.20
	12
	7
	46
	30,997

	Incinerator #2
	5.0
	0.20
	12
	7
	46
	38,746

	
	
	
	
	
	
	104,486


In Table 1, note that the firing rate is expressed in terms of the connected load, or nameplate equipment rating, and the load factor.  The nameplate rating is generally known for the installed gas equipment, and represents the maximum (full capacity) firing rate.  The load factor is a term that accounts for part load operation of modulating equipment or the operation of on/off equipment.  For modulating equipment, the load factor represents the average firing rate (load factor multiplied by connected load) for the gas equipment during the operating schedule.  If the gas equipment is an on/off system, rather than a modulating unit, the load factor represents the fraction of time that the equipment is on during the operating schedule.  
The operating schedule is often expressed in terms of three parameters:  1) hours per day, 2) days per week, and 3) weeks per year.  The product of these three operating schedule parameters and the nameplate rating and the load factor yields the annual gas use.  

For the hypothetical example in Table 1, the total gas use for all six pieces of gas equipment is slightly over 104,000 therms/yr.  If billing records for the gas meter match this total, then the estimates for the operating time and load factors are probably reasonable.  However, rarely do the estimated gas use values match the recorded gas meter data.  For example, if billing records show that gas use in recent years has been closer to 80,000 therms, it is generally necessary to scale back the estimated gas consumptions values for individual gas systems.  The Load Balance & Score Card (LB&SC) Tool automates the gas use scaling process, and provides a consistent and quick method for reconciling estimated and actual gas use data.  
3.
Load Balance Methodology
The LB&SC Tool calculates a scaling factor (SF) that is required to reconcile the gas use for each individual piece of gas equipment, such that the sum of the gas consumption for all equipment matches the metered or expected annual gas consumption.  The scaling factor is calculated as follows:
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Eqn-1
where

Qm – Metered gas use (therms/yr)

N – Number of pieces of gas equipment that are connected to common gas meter

R – Input rating for gas system (MBtu/hr).  This value is generally equivalent to the nameplate rating of the gas system, and represents the maximum firing rate.   
LF – Load factor of each gas system 

h – Daily operating time (hrs/day)

d – Weekly operating time (days/wk)

w – Annual operating time (wks/yr)

After the scaling factor is calculated, the load factor for each piece of equipment is scaled by the same factor such that the gas use matches the metered or expected gas consumption.  The adjusted load factor is calculated as follows:

LFadj = (SF) X (LF)
Eqn-2

The methodology for the Load Balance Tool allows users to exclude specific pieces of gas equipment from the adjusted load calculation.  For example, if a piece of equipment is known to operate a specific number of hours in a year, the load factor for this equipment can be omitted from the adjustment calculation shown in Equation 1.  In this situation, the load factors for all equipment, except any omitted systems, will be adjusted with a uniform scaling factor such that the sum of the gas consumption for all equipment – both adjusted and non-adjusted – matches the metered (or estimated) gas consumption.
4.
Score Card Methodology

Dr. Arvind Thekdi developed a methodology for assessing opportunities for energy efficiency improvements to industrial process heating equipment.  The methodology is based on a set of criteria that can be applied to a wide spectrum of industrial process heating equipment.  These criteria include four questions regarding the type of operation, and eight questions regarding the equipment condition or operating procedures (see Table 2).
Table 2.
Scoring Criteria

	Type of Operation

	1. Mode (e.g., batch or continuous)

	2. Heating type (e.g., gas fired)

	3. Process type (e.g., fluid heating)

	4. Process temperature (e.g., 800-1,400 F)

	Equipment Condition / Operating Procedures

	1. Excess air control

	2. Furnace pressure control

	3. Combustion air preheat

	4. Heat recovery

	5. Furnace temperature control

	6. Furnace seals

	a. doors

	b. shell

	c. other

	7. Wall insulation

	a. hot spots

	b. exterior surface temp > 200 F

	c. refractory damage

	8. Load variations


All of the criteria are structured with multiple choice or yes/no answers.  Based on the user responses to the questions, specific energy efficiency options are scored, and recommendations are identified for qualitative energy efficiency enhancements.  Given that the focus of the LB&SC Tool is gas equipment, the “Heating type” is set to gas-fired.
  All of the other parameters – with the exception of “Mode” and “Process type” – have an effect on the score.
5.
Tool (Excel Spreadsheet) Operation 
The Load Balance Tool and the Score Card Tool are integrated into a single Excel workbook.  This workbook contains the four load balance worksheets and three score card worksheets:

· Load balance worksheets (tabs)
· Gas Equipment

· Report

· Bar Chart

· Pie Chart

· Score card worksheets (tabs)
· Score Card

· Score Chart
· Score Guide

Each of the seven worksheets is summarized in the following sections 
5.1
Gas Equipment 

The Gas Equipment worksheet is intended for use by Gas Company personnel.  This tab contains all input fields required to determine an appropriate annual gas use estimate for a specific gas system being considered for an energy efficiency measure.  The Gas Equipment worksheet has four main sections:

· Account Information

· Gas Use

· Gas Equipment

· Load Balance

Account Information

In this section, the user is asked to provide the customer name and the billing account ID number.  This section also includes general guidance on using the LB&SC Tool and managing data.  For example, blue font is used to signify user input fields or data values that can be edited by the user.  In this section, there is a Save As button that can be used to save the LB&SC Tool using a new file name.  Note that the standard Excel File / Save As feature is disabled (to ensure proper file saving, the LB&SC Tool requires additional check functions not found in the standard Excel File / Save As feature).  The standard Excel File / Save feature can be used to save the LB&SC Tool using the same file name.

When creating new files, users are instructed to include the version number of the LB&SC Tool (e.g., Ver 1.4) in the file name.  By keeping the version number in the name, printed copies of the LB&SC Tool will show the version number in footers of printed pages.  For reference, the version number of the LB&SC Tool is shown in Excel / File Properties menu.  The version number in the Excel / File Properties menu should never be changed.  
Gas Use

The protocol for determining annual gas use is as follows:

· 1st Choice – Use 36 consecutive months of recent actual gas consumption data

· 2nd Choice – Use 12 consecutive months of recent actual gas consumption data 

· 3rd Choice – Provide an estimated annual gas consumption value
Figure 3 shows the input screen for either 36 or 12 months of gas consumption data (1st and 2nd choices in preceding list).  A total of 36 months should be used whenever possible.  However, if a full 36 months is not available, then a consecutive 12 month period can be used.  Based on the monthly values (input as therms), the LB&SC Tool calculates an annualized gas use (therms/yr).  Note that months entered as a zero (0) are included in the annualized average, and months that are left blank (null) are excluded from the calculation.
[image: image5.emf]2.  Gas Use

How would you like to determine annual gas use? Gas Use (therms)

2003 2004 2005 2006

From actual monthly billing records. Jan 7,400 7,900 8,100

Feb 7,200 7,700 7,900

Please complete the worksheet at right showing actual gas consumption based on billing records.  Mar 7,000 7,500 7,700

100,000 Apr 6,800 7,300 7,500

May 6,600 7,100 7,300

Provide reason why historical data is not being used (select from dropdown box) Jun 6,400 6,900 7,100

Production volume has changed, and future gas consumption is expected to change. Jul 6,200 6,400 6,900

Aug 6,200 6,400 6,900

Provide additional explanation describing the necessity to use an estimated value Sep 6,200 6,400 6,900

Oct 6,400 6,600 7,100

Nov 6,600 6,800 7,300

Dec 6,800 7,000 7,500

No. of Months 6 12 12 6

Based on your selections, the following gas consumption data will be used: Total Therms 38,400 81,000 87,000 45,600

Avg. Gas Use 76,800 81,000 87,000 91,200

Gas Use (therms/yr): 84,000 (therms/yr) 84,000

Source: Actual monthly billing records Values entered as "0" are included in the annualized average. 

Values left blank are excluded.

Plant manager supplied annual gas use estimate based on expected production volume.



From actual monthly billing records.

Show Instructions


Figure 3.
Input Screen for Gas Consumption Based on Historical Data
Figure 4 shows the input screen used for supplying an estimated annual gas use value (3rd choice listed above).  If the user selects this option, the user is asked to provide an annual estimate (therms/yr), and then select a reason why historical data is not being used.  A drop down box is provided for selecting a reason.  Following the drop down box, the user is asked to provide further explanation describing the need to use an estimated value rather than historical gas consumption figures.   In the explanation box, the user should clearly show how the estimated value was derived, citing references as appropriate.

[image: image6.emf]2.  Gas Use

How would you like to determine annual gas use? Gas Use (therms)

2003 2004 2005 2006

I will supply my own estimate. Jan 7,400 7,900 8,100

Feb 7,200 7,700 7,900

Enter the estimated annual gas use (therms/yr) Mar 7,000 7,500 7,700

100,000 Apr 6,800 7,300 7,500

May 6,600 7,100 7,300

Provide reason why historical data is not being used (select from dropdown box) Jun 6,400 6,900 7,100

Production volume has changed, and future gas consumption is expected to change. Jul 6,200 6,400 6,900

Aug 6,200 6,400 6,900

Provide additional explanation describing the necessity to use an estimated value Sep 6,200 6,400 6,900

Oct 6,400 6,600 7,100

Nov 6,600 6,800 7,300

Dec 6,800 7,000 7,500

No. of Months 6 12 12 6

Based on your selections, the following gas consumption data will be used: Total Therms 38,400 81,000 87,000 45,600

Avg. Gas Use 76,800 81,000 87,000 91,200

Gas Use (therms/yr): 100,000 (therms/yr) 84,000

Source: User supplied estimate Values entered as "0" are included in the annualized average. 

Values left blank are excluded.

Plant manager supplied annual gas use estimate based on expected production volume.



I will supply my own estimate.



Production volume has changed, and future gas consumption is expected to change.

Show Instructions


Figure 4.
Input Screen for Gas Consumption Based on User Estimate 
Gas Equipment 
After determining the total annual gas use, the next step is to develop a list of all gas equipment located at the site.  The user builds this list by using the Data Entry Worksheet illustrated in Figure 5.  
[image: image7.emf]3.  Gas Equipment 

Data Entry Worksheet

Connected Load

Load Factor

(MBtu/hr)

INCINERATOR INCIN OF SOLID WASTE

1 1,000 12 7 46 0.20

Gas Equipment Table

Connected Load Annual Default Default

Description

Load Factor Gas Use Op Time Load

(MBtu/hr) (therms/yr) (hours/yr) Factor

BOILER HEATING HUMAN COM. 2 1,000 10 7 52 0.16 11,680 3,650 0.16

FURNACE HEAT TREATING 1 2,000 10 5 46 0.20 9,225 2,306 0.20

FURNACE HEAT TREATING 1 3,000 10 5 46 0.20 13,838 2,306 0.20

INCINERATOR INCIN.OF HYDROCARBON 1 4,000 12 7 46 0.20 30,997 3,875 0.20

INCINERATOR INCIN.OF HYDROCARBON 1 5,000 12 7 46 0.20 38,746 3,875 0.20

104,486

Description Equipment Type

(hrs / 

day)

(days / 

wk)

(wks / 

yr)

Equipment Use

Operating Time

Enter Name

(days / 

wk)

(hrs / 

day)

(wks / 

yr)

Qty Equipment Use

Operating Time

Equipment Type

Qty

B-1, B-2

F-1

F-2

TO-1

TO-2



Add Equipment

Delete Selected

Delete All Equipment

Show Instructions



INCINERATOR



INCIN OF SOLID WASTE


Figure 5.
Gas Equipment Data Entry Worksheet and Summary Table
In the Data Entry Worksheet, the user begins by making selections from two drop down boxes – Equipment Type and Equipment Use.  The Load Balance Tool contains a library of over 300 pieces of gas equipment corresponding to the Equipment Type and Equipment Use selections available through the two drop down boxes.  
In the Data Entry Worksheet, the user needs to manually enter the connected load (MBtu/hr) and the quantity of gas systems.  The connected load corresponds to the nameplate rating, or maximum firing rate, for the gas system.  Typically, the quantity of gas systems will be one.  However, if there are multiple gas systems that have identical capacities, operating schedules, and load factors, the systems can be entered on a single line in the Data Entry Worksheet.  After the Data Entry Worksheet is complete, the user clicks the Add Equipment button and the equipment is added to the Gas Equipment Table that immediately follows the Data Entry Worksheet.  

In the event that incorrect data is entered or the Gas Equipment Table needs to be revised, the user can delete a single gas system or all of the gas systems in the Gas Equipment Table using the Delete Selected and Delete All Equipment buttons, respectively.

The Gas Equipment Table illustrated in Figure 5 is initially populated with default operating time and load factor values.  However, these default values can be replaced with user specified values.  In addition to the operating time (3 columns) and load factor parameters, the user has the ability to edit the quantity, connected load, and description fields in the Gas Equipment Table (all entries in blue font can be revised by the user).  

As noted, the LB&SC Tool contains default load factor values.  The load factor defaults reside locally within the LB&SC Tool.  These default load factors should be checked periodically against current load factors, which should be available online at:
http://candi.pacent.com/aev/self_study/ACFH/Load_Factors-frame.htm. 

Load Balance
The load balancing section of the LB&SC Tool is shown in Figure 6.  In this section, the user has the ability to reconcile the annual gas use as determined in Section 2 (Gas Use) with the annual gas consumption calculated by summing the gas consumption for each gas subsystem specified in Section 3 (Gas Equipment).  
[image: image8.emf]4.  Load Balance

1. 

2. 

3.  10.0%. If deviations beyond

Load Adjustment Table

Connected Op Load Auto Adjusted Adjusted Default Default

Description

Load Time Factor Adjust Load Gas Use Op Time Load

(MBtu/hr) (hrs/yr) (Y/N) Factor (therms/yr) (hours/yr) Factor

B-1, B-2 BOILER HEATING HUMAN COM. 2 1,000 3,650 0.16 N 0.160 11,680 3,650 0.160

F-1 FURNACE HEAT TREATING 1 2,000 2,306 0.20 Y 0.156 7,189 2,306 0.200

F-2 FURNACE HEAT TREATING 1 3,000 2,306 0.20 Y 0.156 10,783 2,306 0.200

TO-1 INCINERATOR INCIN.OF HYDROCARBON 1 4,000 3,875 0.20 Y 0.156 24,155 3,875 0.200

TO-2 INCINERATOR INCIN.OF HYDROCARBON 1 5,000 3,875 0.20 Y 0.156 30,193 3,875 0.200

84,000

Click the Auto Adjust button below, and the equipment load factors marked yes will be scaled such that the sum of the gas use for all equipment matches the gas 

consumption shown at the bottom of the Gas Use section (Section 2).

Deviations from the default operating times and the default load factors are tracked.  The criteria for the deviations is set at +/- 

the criteria occur, the data values will be colored (follow the color coded arrows to identify the values being compared).

Equipment Use Qty Equipment Type

For each entry in the Load Adjustment Table shown below, enter yes or no in the Auto Adjust column.  In general, entries should be marked yes (Y).  However, in 

some cases -- for example, a standby boiler or engine gen set -- the user may desire to set a pre-determined load factor that does not change.  In these cases, enter 

no (N) in the Auto Adjust column.

In the Gas Equipment Table above, the annual gas use is totaled based on the usage data entered for each individual gas system.  This total will frequently differ from the 

historical or estimated gas use determine for the billing account.  To reconcile the gas use, an adjustment to the equipment load factors may be necessary.  To make this 

adjustment, follow these steps:



Auto Adjust

Hide Instructions


Figure 6.
Load Balance Section 
As described in the methodology section, the LB&SC Tool operates by scaling the load factor for individual gas subsystems to match the annual gas use determined for the entire site.  Before balancing the gas load, the user is prompted to indicate if each gas subsystem should be included in the load adjustment calculation.  In general, all equipment should be included in the load balance calculation.  However, in some cases (for example backup boilers or engine driven power generators) the user may desire to use a fixed load factor that is not adjusted.  For these cases, the user has the ability to exclude equipment from the load factor adjustment routine (select “N” in the Auto Adjust column to exclude equipment from being automatically adjusted).  After making the appropriate yes/no selections in the Auto Adjust column, click the Auto Adjust button located below the Load Adjustment Table, and the load will be balanced.

The LB&SC Tool keeps track of the default operating times and the default load factors, and compares these values against the user input operating time parameters and the adjusted load factors.  Deviations in operating hours are displayed in green and deviations in load factors are displayed in orange (color coded arrows, as shown in Figure 6, indicate values being compared).  The criteria used for checking deviations are described in the text immediately above the Load Adjustment Table (if text is not visible, click the Show Instructions button).

5.2
Report 

The Gas Equipment worksheet, described in the preceding section, is intended for use by Gas Company personnel, and contains detailed input parameters required for load balance calculations.  In contrast, the Report worksheet contains a summary of key information.  The Report worksheet is structured such that it can be handed out to customers, and kept on file as a record of load balance calculations.  This worksheet includes an approval section (see Figure 7) for the gas customer and SCG management to acknowledge acceptance of the results, should the results be intended for input to an energy efficiency rebate application.

[image: image9.emf]4. Approval

The gas use values summarized in this report are believed to be an accurate estimate of the future gas use expected for this site.

CUSTOMER SCG C&I SERVICES MANAGER

Name (printed) Name (printed)

Signature Signature

Date Date


Figure 7.
Customer Report

5.3
Bar Chart and Pie Chart 

The Bar Chart and Pie Chart tabs contain graphical results that may be useful for discussions with gas customers.  These graphs can be included with the Report worksheet if desired.
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Figure 8.
Bar Chart
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Figure 9.
Pie Chart
5.4
Score Card 
After balancing the load, the energy efficiency options for individual gas systems can be evaluated.  This evaluation begins with the Score Card worksheet.  On the Score Card worksheet, the first two sections provide reference data and instructions to guide the user (no user input required).  The initial user input is required in Section 3, where the user selects the gas system to be examined (see Figure 10).
[image: image12.emf]3.  Gas Equipment to be Scored

Select one gas system from the following table to be scored.  To make selection, enter an "X" in just one cell in the far left hand column.  

Selection 

(choose 

one)

Gas Equipment ID Equipment Type Equipment Use Qty Connected 

Load 

(MBtu/hr)

Op Time 

(hrs/yr)

Load 

Factor

Equivalent 

Full Load 

Hours 

(hrs/yr)

Gas Use 

(therms/yr)

Fraction of 

Plant Gas 

Use (%)

B-1, B-2 BOILER HEATING HUMAN COM. 2 1,000 3,650 0.160 584 11,680 13.9%

F-1 FURNACE HEAT TREATING 1 2,000 2,306 0.156 359 7,189 8.6%

F-2 FURNACE HEAT TREATING 1 3,000 2,306 0.156 359 10,783 12.8%

TO-1 INCINERATOR INCIN.OF HYDROCARBON 1 4,000 3,875 0.156 604 24,155 28.8%

X TO-2 INCINERATOR INCIN.OF HYDROCARBON 1 5,000 3,875 0.156 604 30,193 35.9%

84,000 100.0%


Figure 10.
Selection Table for Gas Equipment to be Scored
After selecting the gas system, the user answers three questions concerning the general operating conditions of the gas system.  These three questions are shown in 
Figure 11
 (note that the heating type is set to gas fired for all cases).  After answering the three general questions, there is a longer list of eight questions (see Figure 12).  For all questions, there are drop down boxes indicating the response choices.  
[image: image13.emf]4.  Current Operating Conditions

For the single system selected in the preceding table, complete the following information (values in blue have drop down menus):

Batch

Gas fired

Fluid (gas/liquid) heating

Medium (800 - 1,400 F)

Mode of Operation:

Heating Type:

Process Type:

Process Temperature:


Figure 11.
General Operating Conditions
[image: image14.emf]5.  Survey Questions

Question Actual  Weight Weighted Maximum

Score Score Score

1. Do you control excess air to minimize oxygen and CO in the exhaust gases?

5 8.0 40 80

2. Do you use furnace pressure control?

5 8.0 40 80

3. Do you preheat combustion air using flue gas?

5 7.5 37.5 75

4. Do you use any of the following heat recovery systems?

0 7.5 0 75

5. What type of furnace temperature controls do you use?

3 5.0 15 50

6. Is the furnace properly sealed?

A.  No 0 5.0 0 25

B.  No 0 0 25

C.  No 0 0 25

7. What is the condition of the furnace wall insulation?

A.  Yes 0 2.0 0 10

B.  Yes 0 0 10

C.  Yes 0 0 10

8. How does the furnace load vary during available operating times?

2.5 2.0 5 10

137.5 475

Are the doors (if any) well sealed?

Yes, with manual control

Are there hot spots on furnace walls/doors?

Is the shell well sealed (no flue gas or air leaks)?

Are other openings (if any) well sealed?

Is the exterior wall temperature > 200 F?

Is refractory or insulation visibly damaged?

Moderate variations of furnace/oven load in terms of lbs/hr or other units

Yes, with manual control

Yes, with flue gas heat recovery < 25%

None of the above

Fixed temperature set point for all loads with use of automatic fuel/air control


Figure 12.
Survey Questions
Based on the user responses to the questions, the LB&SC Tool assigns numeric scores and weighting factors to each response.  A total weighted score is generated, and compared to the maximum score possible.  For the LB&SC Tool, the maximum score represents a situation where all best practices are being followed to achieve energy efficiency.  Specific areas that fall short of the maximum score represent opportunities for energy efficiency enhancements.  These possible energy efficiency enhancements are listed and in the LB&SC Tool (see Figure 13).

[image: image15.emf]6.  Results

Summary (based on survey questions)

Score 28.9%

Actual Points 137.5

Possible Points 475

Energy Efficiency Measures

Calculation Tool

Excess Air

Excess Air

Heat Recovery

Heat Recovery

* see note below

Excess Air

Excess Air

Excess Air

Furnaces & Ovens

Furnaces & Ovens

Furnaces & Ovens

* see note below

Reduce exterior wall temperature

Repair insulation

Seal doors

Seal shell

Seal other openings

Reduce hot spots

Better excess air control 

For reference, a relatively high score indicates that best practices for energy 

efficiency are generally being followed.  A relatively low score suggests that 

energy efficiency measures remain to be implemented.

Improve loading

*  For this measure, please contact Chris Goff or a Regional Senior Account Executive for further guidance.

Based on the survey questions, the table in this section shows the energy efficiency measures that could be implemented to yield additional savings.  To 

calculate the potential savings, use the calculation tool referenced in the table.

Energy Efficiency Measure

Better furnace pressure control

Add combustion air preheat

Add flue gas heat recovery

Improve furnace temperature control


Figure 13.
Recommended Energy Efficiency Enhancements
5.5
Score Chart and Score Guide
The Score Chart worksheet contains a graph of the actual score and the maximum score for the system being analyzed.  Energy efficiency options that have a score less than the maximum represent possible areas to apply energy efficiency measures to achieve gas savings.
[image: image16.emf]Comparison of Options to Improve Energy Efficiency
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Figure 14.
Identification of Possible Energy Efficiency Opportunities 
The Score Guide worksheet contains a written description of the common energy efficiency measures that can be applied to industrial process heating equipment.  This guide can be used to gain further explanation of the energy efficiency measures identified on either the Score Card or Score Chart worksheets.
6.
Summary

In summary, the Load Balance & Score Card Tool provides the user with two key results:

· Methodology for developing gas use estimates for equipment connected to a common meter

· Qualitative guidance on energy efficiency improvements that may be applied to individual gas systems.

To run the load balance portion of the LB&SC Tool, the user needs metered gas use data and equipment nameplate ratings (or reliable estimates of these parameters).  The program has default values for equipment operating schedules and load factors, which can be reviewed and modified if desired.  After equipment details are entered, the LB&SC Tool computes the estimated gas use for individual gas subsystems such that the sum of the gas use by the individual gas subsystems matches the annual gas consumption for the entire site.  The output of the load balance portion of the LB&SC Tool is an annual gas use estimate for individual gas subsystems.

To complete the score card portion of the LB&SC Tool, the user needs a general understanding of the configuration and condition of the gas equipment being analyzed.  The user answers a series of multiple choice questions related to the gas system, and the responses to these questions are then used to identify possible energy efficiency enhancements that could be applied.

It is important to recognize that the Load Balance & Score Card Tool does not yield a quantitative estimate for energy savings that may be derived as a result of implementing specific energy efficiency measures.  Rather, the LB&SC Tool is a starting point, and the user is referred to equipment specific calculation tools, which are available as separate resources, for detailed energy efficiency calculations.
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� The operating schedule accounts for 364 days in a year (24 X 7 X 52).  In � REF _Ref130879195 \h � \* MERGEFORMAT �Table 1�, the annual gas use values are adjusted to account for 365 days (8,760 hours) in a full year.      


� In the original methodology developed by Dr. Thekdi, there are four choices for heating type: 1) gas, 2) electric, 3) steam, and 4) other.


� There is a fifth section titled “Results” at the end of the Gas Equipment worksheet.  This short section directs the user to other worksheets that contain summary tables and charts.
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