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[bookmark: _Toc191459125][bookmark: _Toc316985631]At-A-Glance Measure List									
	Measure Description
	Building Type
	Building Vintage
	Climate Zone
	NTG
	Annual therm Savings per Unit therm/MBtuh
	Base Case Cost ($/unit)
	Measure Cost ($/unit)
	Labor Cost ($/unit)
	Incremental Measure Cost ($/unit)
	Effective Useful Life (years)

	Boiler Tune Up Space Heating
	Commercial
	ALL
	ALL
	0.8
	0.338
	$0
	$0.83
	$0
	$0.83
	5

	Boiler Tune Up Process
	Industrial 
	ALL
	ALL
	0.8
	0.587
	$0
	$0.83
	$0
	$0.83
	5
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Boiler Tune-Up for Boilers Serving Space Heating & Process Loads
[bookmark: _Ref189559990][bookmark: _Toc261900045][bookmark: _Toc316985636]1.1 Measure Description & Background
Measure Description
This work paper describes the rationale and assumptions used to calculate the gas savings and the rebates for a boiler tune-up. This measure is applicable for boilers serving space heating, domestic hot water and process loads, steam or hot water boiler(s) located within Nicor gas (AGL Resource Company) territory. 

When submitting a rebate worksheet to the Nicor prescriptive program, customers must ensure proper documentation is attached (see below)*. In addition, the following items are required to be eligible for a Nicor gas boiler tune-up prescriptive rebate: 
 
1. The end usage of the boiler must be space heating or process load (steam or hot water) and serve a building and or industries located within Nicor gas territory.
2. The customer needs to be:
· An existing Nicor natural gas customer or
· Utilizing Nicor’s gas piping grid and currently paying Nicor for natural gas transportation. 
3. [bookmark: _Ref314465334]The main fuel for the boiler shall be natural gas.[endnoteRef:1] [1:  KEMA Consulting. Focus on Energy Evaluation Business Programs: Deemed Savings Manual V1.0. Pennsylvania : s.n., March 22, 2010.
] 

4. The boiler must have a minimum output of 100 MBtuh and be at least 2 years old. 
5. The burner must be adjusted to improve combustion efficiency by the service provider.1Each proposed task item in the boiler tune-up must fall within a standardized tune-up recommended by the boiler manufacturer. All repairs and tunings shall fall within the regulation of ASME/National Board Code certified repair requirements.
6. Ensure proper labeling of boiler combustion analyzer tapes.

*Application Process:

· The  following documentation must be attached to and included with the application:
a. The original rebate application dated and signed
b. Copy of the itemized contractor invoice(s) / proof of purchase receipt(s)
c. The utility account number

· When contacted, customers must allow Nicor or its representatives access to customers’ property site to verify:
a. Completion of the Boiler tune-up as per boiler manufacturer’s maintenance requirements. 

Program Restrictions and Guidelines
Terms and Conditions: Nicor gas customer will qualify if the following is true, 
1. The boilers must be serving a space heating or process load and
2. The location of the building is within Nicor territory and the customer either a Nicor gas consumer, or 
3. Utilizing Nicor gas’ piping grid for transportation of the consumed natural gas. 
4. All work pertaining to the boiler tune up must be contracted out in its entirety. 

Market Applicability  
Technical Description: As a boiler operates, the optimum condition and efficiency of the boiler will decline. Build-up of total dissolved solids (TDS) will form on the boiler’s interior surfaces and tubes and prevent the thermal energy to transfer from one medium to another. Boiler combustion controls will begin to slide out of optimum settings and lead to increased gas consumption. The efficiency of a boiler improves by tuning the boiler. A well-tuned boiler will operate more efficient which will lead to a reduction in fuel consumptions and safer boiler operation. 

Annual Safety Check: [endnoteRef:2] Illinois state statute requires all boilers to be registered and inspected as per Boiler Safety Act, Section 120.500. Some smaller units are exempt from inspection. Boilers or pressure vessels situated in locations frequented by the public need to be inspected.  Owners of boilers are responsible for maintaining the pressure vessels/boilers as in accordance with manufacture’s specifications. Inspections are required at one, two and three year intervals depending on the type of equipment. High-pressure boilers require internal inspections annually. Low-pressure boilers typically used for heating and supplying potable hot water are inspected every 2 years.  Internal inspection of high-pressure boiler(s) includes inspection of boiler tubes and the boiler refractor. Ultimate tensile strength, psi, and minimum thickness in weakest course, inches, of boiler shell refractory plate, and internal boiler tubes are checked.  [2:  Boiler Safety Act, Section 120.500
 http://www.sfm.illinois.gov/commercial/
] 


Therefore, this safety check does not require or influence increased efficiency through tuning.  Savings in addition to tuning may be impacted by required cleaning, but these savings are not claimed in this work paper.
[bookmark: _Toc261900047][bookmark: _Toc316985637]1.2 Base Cases for Savings Estimates
The base case for this measure is to exclude the boiler tune up and continue the boiler operation without a tuning and the efficiency benefits from a well-tuned boiler.
[bookmark: _Ref195611163][bookmark: _Ref195611212][bookmark: _Ref195611226][bookmark: _Toc261900048][bookmark: _Toc316985638]1.3 Measure Effective Useful Life
The effective useful life of a boiler tune up is estimated at five (5) years based on the 2006 EM&V study by Sisson and Associates service.[endnoteRef:3] [3:  Sisson and Associates. EM&V Study of the ADM Mobile Energy Clinic 2004-2005 Non-Utility Energy Efficiency Program Implementations. August 16, 2006.
] 


Table 1.0:  EUL for Boiler Tune Up
	Measure
	Measure EUL

	Boiler Tune-Up
	5


[bookmark: _Toc261532297][bookmark: _Toc261900049]

[bookmark: _Toc316985639]1.4 Net-to-Gross Ratio
The Net-to-Gross ratio for the Boiler Reset Control is assumed at 0.80 in order to remain consistent with all other commercial measures in the Nicor Gas Energy Efficiency Plan 2011-2014, May 27, 2011.
Table 1.1:  Net-to-Gross Ratio
	Measure
	NTG

	Boiler Tune-Up
	0.8


[bookmark: _Toc260918192][bookmark: _Toc261532298][bookmark: _Toc261900050][bookmark: _Toc316985640]1.5 Savings Calculations
The measure only pertains to energy gas savings. While generating electrical energy savings by reducing the run time of the boiler’s electrical blower motor, this is not considered in the boiler tune up measure. 
[bookmark: _Toc261900051]
1.5.1 Gas Energy Savings Estimation Methodologies for Boiler(s) Serving Space Heating Load
Savings are determined by applying a savings factor to an estimate of the boiler consumption prior to the tune-up. The energy savings for this measure are determined per input boiler capacity in thousand Btu per hour (MBtuh). The annual therm savings for this deemed measure is as following.
Table 1.2: Deemed therm Savings Space Heating Boiler(s)
	Measure
	Boiler Size MBtuh
	Deemed Savings Annual therm Savings per MBtuh
	Savings Factor (SF)

	Boiler Tune-Up Space Heating
	All >100
	0.338
	1.6%



The gas energy savings generated from this deemed measure is described by the following equation: (2)

Equation: 1



Where:
• BOF = Boiler over-sizing factor, deemed 77 percent 
• SF = Savings Factor, deemed 1.6 percent of annual gas consumption from boiler tune up
• EffPre-Tune Up = Efficiency of the boiler prior to the tune-up, deemed 80 percent
• TIndoor = Indoor design temp, assumed to be 65°F 
• TOutdoor = Outdoor design temp, deemed -4°F (from ASHRAE for Chicago O’Hare)
• HDD = Heating Degree Days for Chicago O’Hare, 6,311 (from ASHRAE standards 2009)
• 100 = conversion factor, MBtuh (thousand Btu per hour) per therm.
Substituting the above values into the savings equation yields the deemed savings value of 0.338 therm per thousand Btu per hour (therm/MBtuh) of boiler input capacity.

Values, Assumptions, and Calculations
The values used for each parameter in the deemed savings calculation are as following;

Boiler over sized Factor, BOF. 1
The boiler sizing factor is an estimate of the percent of boiler capacity that represents building heat load at design conditions. 
Most heating equipment is sized to provide more heat than is necessary under design conditions. The degree of oversize can vary based on many factors, including the system designer. Thus, when basing consumption estimates on design conditions, an oversize factor is introduced.
When this measure was deemed, it was agreed that some oversize factor was necessary. There were no sources found that provided reliable research into average oversize factor for boiler installations. Based on the experience of those involved, the design factor of 0.77 was chosen. This is equivalent to 30 percent over design, or 1/1.3. 

Savings Factor, SF. 1
The savings factor of 1.6 percent is an estimate of the percent of annual gas consumption that is saved due to tuning up the boiler based on the Focus on Energy Evaluation Business Programs: Deemed Savings Manual V1.0.  This work paper assumes the boiler tune up to consist of the following task items: 
1. Combustion controls adjustment (only) to improve combustion efficiency. Any additional tune up items will not be rebated.
2. The savings factor is deemed 1.6 percent. This efficiency increase is solely based on an increase in combustion efficiency. 

Note: Savings factor is not the same thing as “efficiency improvement,” a parameter that would represent the difference between the efficiency before the tune up and the efficiency after. If the value were for efficiency improvement, the equation would take a different form.
(Focus on Energy Evaluation Business Programs: Deemed Savings Manual V1.0. Pennsylvania : s.n., March 22, 2010).

Efficiency of the Boiler Prior to Tune-up, EffPre[endnoteRef:4]  [4:  http://www.energystar.gov/index.cfm?c=business.EPA_BUM_CH9_HVAC#S_9_3
] 

The pre efficiency is the combustion efficiency prior to boiler tune-up. The assumed combustion efficiency before the tune up is 80 percent. Per Energy Star Building Manual, the average gas boiler in the commercial stock has combustion efficiency (100 percent minus stack losses) of 76 percent. A new gas fired commercial boiler has an average combustion efficiency of 80 percent.

 Indoor design temperature, TIndoor.1
The indoor design temperature is the standard balance temperature used in system design calculations assumed to be a typical 65°F. 




Outdoor design temperature, TOutdoor.1
In system design calculations, the outdoor design temperature is the coldest temperature for which a heating system is designed to meet the heating load, disregarding any over sizing. For this calculation, the ASHRAE 99.6% value for Chicago is used, which yields a value of -4°F.


Heating Degree Days, HDD. 
Heating Degree Days is the sum of the number of degrees that the average daily temperature is less than a base temperature over a given time period. For these calculations, the value 6,311 is from the annual HDD for Chicago (O’Hare) from the ASHRAE Fundaments 2009.
1.5.2 Gas Energy Savings Estimation Methodologies for Boiler(s) Serving Process Load
The following provides the energy savings calculations and assumptions for boiler tune up for steam and HW process boilers. Gas energy savings determined by a 1.3% percent increase in combustion efficiency from the boiler tune up. 
The energy savings for this measure are determined per input boiler capacity in thousand Btu per hour (MBtuh). The annual therm savings for this deemed measure is as following.
Table 1.3: Deemed therm Savings Process Load Boiler(s)
	Measure
	Boiler Size MBtuh
	Deemed Savings Annual therm Savings per MBtuh
	Comb. Eff. Improvement 

	Boiler Tune Up HW Process
	All >100
	0.587
	1.3%

	Boiler Tune Up Steam Process
	All >100
	0.587
	1.3%



[bookmark: _Toc314582329][bookmark: _Toc314582559]For calculating energy savings, the following assumptions were used:

[bookmark: _Toc226364463][bookmark: _Toc314582330][bookmark: _Toc314582560]Capacity Factor and Equivalent full-load hours (EFLH)
Boilers, like many gas systems, have modulating controls that allow them to operate at a fraction of their nominal capacity. As a result, the number of operating hours of a boiler is not an accurate representation of its energy consumption, and the average capacity factor needs to be taken into account. This capacity factor is the ratio of actual energy consumption during a certain time period and the consumption that would have occurred if the boiler were at full capacity during the same period (see formula below): 

Data from the analysis of industrial and commercial boilers was combined with industry-specific GDP data to get an accurate estimation of the average process boiler capacity factor in California. Equivalent full-load hours are obtained by multiplying the operating hours by the capacity factor. Table 1.4, Average Capacity Factor Across Different Industries is referenced in PG&E Work Paper: PGECOPRO101 Revision 1 Process Boiler.doc





Table 1.4: Average Capacity Factor Across Different Industries[endnoteRef:5] [5:   Characterization of the US Industrial / Commercial Boiler Population,” Oak Ridge National    Laboratory by Energy and Environmental Analysis, Inc. May 2005.
] 

[image: ]

Equation: 2



1. It is assumed that Pre and post boiler tune up the boilers will deliver the same amount of hot water or steam on an annual basis. Customer demand for hot water or steam does not change. The high-efficiency combustion unit will thus have less equivalent full-load hours than the base case unit. The unit (MBtuh) is the boiler input rating.

Finally, average annual gas savings for the measure were calculated as below:

Annual Gas Savings [therms/unit] = Annual Base Gas Usage – Annual Energy Efficient Gas Usage

Annual Base Gas Usage:
Annual Base Gas Usage [therms / MBtuh] = [kBtu / MBtuh] / 100
= (Utilization Factor * 8760 h/yr * MBtuh) / (MBtuh * 100)
= 0.419 * 8760 h/yr / 100
36.704 therms / MBtuh

Hot Water Boiler, Annual Energy Efficiency Gas Usage:
Annual HW Process Boiler Measure Gas Usage [therms / MBtuh]
= Annual Base Gas Usage * (Base Efficiency / Measure Efficiency)
= 36.704 therms / MBtuh * (80% / 81.3%)
= 36.117 therms / MBtuh

Savings per Unit:
Annual HW Process Boiler Gas Savings [therms / MBtuh input rating]
= Annual Base Gas Usage - Annual Measure Gas Usage
= 36.704 – 36.117 therms / MBtuh input rating
Substituting the above values into the savings equation yields the deemed savings value of 0.587 therm per thousand Btu per hour (therm/MBtuh) of boiler input capacity.

Steam Boiler, Annual Energy Efficiency Gas Usage:
Annual Steam Process Boiler Measure Gas Usage [therms / MBtuh input rating]
= Annual Base Gas Usage * (Base Efficiency / Measure Efficiency)
= 36.704 therms / MBtuh input rating * (80% / 81.3%)
= 36.117 therms / MBtuh input rating.

Savings per Unit:
Annual Steam Process Boiler Gas Savings [therms / MBtuh input rating]
= Annual Base Gas Usage - Annual Measure Gas Usage
= 36.704 – 36.117 therms / MBtuh input rating
Substituting the above values into the savings equation yields the deemed savings value of 0.587 therm per thousand Btu per hour (therm/MBtuh) of boiler input capacity.

Note: The post combustion efficiency was derived by utilizing Equation 1 and the parameters in Section 1.5.1. Rearranging Equation 1 and solving for post combustion efficiency factor (81.3%) and utilizing this factor in Equation 2, the therm savings per unit yields a value of 0.587 therm per thousand Btu per hour (therm/MBtuh) of boiler input capacity. The details of this calculation is provided in Appendix category [endnoteRef:6] [6:   Process Boiler Post Efficiency Calculation


   
  
] 

[bookmark: _Toc314582331][bookmark: _Toc314582561]
Section 1.5.2 references PG&E Workpaper PGECOPR010_R1_Process_Boilers.
[bookmark: _Toc316985641]1.6 Base Case Costs
The base case cost is zero as there is no cost associated with an un-tuned boiler.  Costs associated with the tuning of the boiler not related to combustion improvements are no included.
[bookmark: _Toc260918194][bookmark: _Toc261532302][bookmark: _Toc261900052][bookmark: _Toc316985642]1.7 Measure Cost
Table 1.3 lists the boiler tune up cost per unit ($/MBtuh). This rate cost includes all boilers, Steam and HW, Space heating and Process above 100 input rating. This work paper only considers savings associated with improvements to the boiler combustion technology. It assumes the combustion efficiency improvement gained from the adjustment of boiler controls scales linear and on average will not change with increasing boiler size.  Therefore, cost are only associated with this tuning.

Table 1.3: Equipment Cost per Unit
	Measure
	 Boiler Size 
MBtuh
	Equipment Cost $/Mbtuh

	Boiler Tune Up All Boiler
	ALL > 100
	$0.83


[bookmark: _Toc316985643]1.8 Incremental Measure Costs
The IMC are the same as the measure costs since the base case cost is zero.  The basic cost of the measure is the cost of the boiler tune up.


[bookmark: _Toc316985644]References
image1.wmf
(

)

100

24

´

´

-

´

´

´

=

pre

Outdoor

Indoor

Eff

T

T

HDD

SF

BOF

MBtuh

gs

ThermSavin


oleObject1.bin

image2.emf
Industry

Capacity 

factor

Number of 

boilers 

(nationwide)

% of CA industry 

GDP vs 

nationwide 

industry GDP

Estimated number 

of boilers per 

industry in CA

Weighting 

factor

Food 31% 10,610 9.70% 1,030 25.6%

Paper 66% 3,460 4.30% 149 3.7%

Chemicals 50% 11,980 8.80% 1,055 26.3%

Refining 25% 1,200 21.50% 258 6.4%

Metals 47% 3,330 4.50% 150 3.7%

Other manufacturing 44% 12,435 11.05% 1,374 34.2%

Total 43,015 4,016 100.0%

Weighted average of 

capacity factors

41.9%


image3.wmf
period

same

during

n

consumptio

gas

possible

Maximum

period

time

given

during

n

consumptio

gas

Actual

Factor

Capacity

=


oleObject2.bin

image4.emf
Process Boilers.xlsx


Microsoft_Excel_Worksheet1.xlsx
process boilers

		Calculation method and fundamental assumptions

		For calculating energy savings, the following assumptions were used:

		New high-efficiency unit has the same input rating (measured in MBtuh) as the unit being replaced.

		Both units (old and new) deliver the same amount of hot water or steam on an annual basis (i.e., customer demand for hot water or steam does not change). The high-efficiency unit will thus have less equivalent full-load hours than the base case unit.

												The goal of this calculation is to back calculate the combustion efficiency improvement from a boiler tune up. 

		Finally, average annual gas savings for the measure were calculated as below.



		Annual Gas Savings [therms/unit] = Annual Base Gas Usage – Annual Energy Efficient Gas Usage



		Annual Base Gas Usage [therms / MBtuh (ie. kBtu/h) input rating]

		= [kBtu / MBtuh input rating] / 100										Therm savings /MBtuh = (Pre usage/Mbtuh) - (Post usage/Mbtuh)

		= (Utilization Factor * 8760 h/yr * MBtuh input rating) / (MBtuh input rating * 100)

		36.704										BOF X SF X HDD X 24/[(T(indoor)-T(outdoor)X EFF(pre) X 100] = (Pre usage/Mbtuh) - (Post usage/Mbtuh)

		= 36.7 therms / MBtuh input rating.

												{77% * 1.6% * 6,311 hrs * 24} / {(65F - -4F) * 80% * 100} = (Pre usage/Mbtuh) - (Post usage/Mbtuh)

		Annual HW Process Boiler Measure Gas Usage [therms / MBtuh input rating]

		Annual Base Gas Usage * (Base Efficiency / Measure Efficiency)										0.338		 = (Pre usage/Mbtuh) - (Post usage/Mbtuh)

		36.7 therms / MBtuh input rating * (80% / 81.3%)

		36.117		therm/Mbtuh input										Pre therm/Mbtuh = 0.77 x 6311 x 24/(69 x Eff(pre) x 100)

																		21.128

														Post therm/Mbtuh = 0.77 x 6311 x 24/(69 x Eff(post) x 100)

																Post therm/Mbtuh =		16.903		/Eff(post)

		Annual HW Process Boiler Gas Savings [therms / MBtuh input rating]

		Annual Base Gas Usage - Annual Measure Gas Usage										0.338 = 21.128 - 16.903 / Eff(post)

		36.7 – 36.1 therms / MBtuh input rating

		0.587		therms / MBtuh input rating								Eff(post) = 		81.3%		Combustion efficiency after the tune up. Back calculated from above assumptions





		Annual Steam Process Boiler Measure Gas Usage [therms / MBtuh input rating]

		Annual Base Gas Usage * (Base Efficiency / Measure Efficiency)

		36.7 therms / MBtuh input rating * (80% / 81.3%)

		36.117		therms / MBtuh input rating





		Annual Steam Process Boiler Gas Savings [therms / MBtuh input rating]

		Annual Base Gas Usage - Annual Measure Gas Usage

		36.7 – 36.1 therms / MBtuh input rating



		0.587		therms / MBtuh input rating
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