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DISCLAIMER 

 

This report was prepared as an account of work sponsored by the Air-Conditioning, Heating, and 

Refrigeration Institute (AHRI).  Neither AHRI, its research program financial supporters, or any agency 

thereof, nor any of their employees, contractors, subcontractors or employees thereof - makes any 

warranty, expressed or implied; assumes any legal liability or responsibility for the accuracy, 

completeness, any third party’s use of, or the results of such use of any information, apparatus, product, 

or process disclosed in this report; or represents that its use would not infringe privately owned rights.  

Reference herein to any specific commercial product, process, or service by trade name, trademark, 

manufacturer, or otherwise, does not necessarily constitute nor imply its endorsement, recommendation, 

or favoring by AHRI, its sponsors, or any agency thereof or their contractors or subcontractors.  The 

views and opinions of authors expressed herein do not necessarily state or reflect those of AHRI, its 

program sponsors, or any agency thereof. 

 

 

  



 

  

 3 

 

AHRI 5009 RESEARCH REPORT 

 

Table of Contents 

Executive Summary .................................................................................................................................. 4 

Introduction ............................................................................................................................................... 5 

Identification of boilers ............................................................................................................................. 7 

Steady State Tests for Determining Efficiency and Output ...................................................................... 8 

Steady State Set-up ....................................................................................................................... 8 

Steady State Testing Issues ........................................................................................................... 9 

Steady State Testing Recommendations ..................................................................................... 10 

Jacket Loss .............................................................................................................................................. 13 

Jacket Loss Set-Up ..................................................................................................................... 13 

Jacket Loss Testing Issues .......................................................................................................... 14 

Jacket Loss Recommendations ................................................................................................... 17 

Idling Test ............................................................................................................................................... 18 

Idling Test Set-up ....................................................................................................................... 18 

Idling Test Issues ........................................................................................................................ 19 

Idling Test Recommendations .................................................................................................... 20 

Idling Calculations ...................................................................................................................... 21 

Summary of Test Results ........................................................................................................................ 22 

Comparative Analysis ............................................................................................................................. 23 

Conclusion & Recommendations ........................................................................................................... 24 

Equipment List ........................................................................................................................................ 25 

References ............................................................................................................................................... 26 

Appendix A BSR/ASHRAE/AHRI Standard 155P – First Public Review (August 2016) .................... 27 

 

 

List of Figures 

Figure 1 SCAQMD Rule 1111 Sample Probe ........................................................................................ 11 

Figure 2 Jacket Loss Probe ..................................................................................................................... 13 

Figure 3 Corner ....................................................................................................................................... 14 

Figure 4 Seams ....................................................................................................................................... 14 

Figure 5 Jacket panel slot and angled tab ............................................................................................... 15 

Figure 6 Louvered openings ................................................................................................................... 15 

Figure 7 Jacket Loss Surface Access Issue ............................................................................................. 16 

Figure 8 Typical set-up for idling loss test ............................................................................................. 18 

 

 

 



 

  

 4 

 

AHRI 5009 RESEARCH REPORT 

EXECUTIVE SUMMARY 

 

The objective of this research project is to provide validation and analysis of BSR/ASHRAE/AHRI 155P 

Public Review draft dated August 2016 (see Appendix A).  The lab tested five different styles of boilers 

in order to validate Standard 155P: 

 

1) A natural gas condensing, modulating pre-mix, high turndown water boiler, 

2) A natural gas non-condensing, single-stage, high mass water boiler, 

3) A natural gas non-condensing, two-stage, atmospheric water boiler with louvered jacket 

openings, 

4) A natural gas non-condensing, two-stage low mass fan assisted water boiler, and 

5) An oil-fired, single-stage steam boiler. 

 

In addition to Standard 155P testing, the lab tested the same boilers to the current commercial boiler test 

standard, ANSI/AHRI Standard 1500.  The exceptions to the Standard 1500 test procedure is that the 

boilers were set-up as prescribed in Standard 155P along with the water inlet, and temperature rise from 

Standard 155P were used. 

 

The lab evaluated Standard 155P test procedures and calculations, performed repeatability tests,   and 

performed a comparative analysis of results between the two standards. 

 

As noted above, the version of 155P used in this project was the first public review draft issued in August 

2016. Since that time, the ASHRAE Standards Policy Committee 155 (SPC 155) has made significant 

changes to many parts of this standard, some in response to the findings of this report. With that said, 

the findings of this project can be summarized as follows: 

 

A) The version of 155P used in this project required about 6 more hours to perform than the Standard 

1500.  This does not include set-up of the boiler.  Boiler set-up varied from the steam boiler of 

about 8 hours to the condensing high efficiency boiler of about 3 hours. 

 

B) The Jacket Loss test procedure needs clarification: 

a. To determine the proper grid layout, 

b. For performing calculations for internal convective losses, 

c. To address louvered openings and 

d. For the case where a boiler has no bottom panel. 

 

C) The Idling Loss test procedure needs clarification regarding: 

a. The use of the manufacturer’s supplied temperature controller if it does not meet the 

accuracy of the standard or its response time is too slow to conduct the idling test 

properly. 

b. The circulating pump used for the low temperature idling test.  The pump maintained the 

loop water temperature above 136°F.  The lab was unable to complete the low 

temperature idling test, as the standard requires cycling at 120°F. 



 

  

 5 

 

AHRI 5009 RESEARCH REPORT 

c. Errors discovered in nomenclature and equations.  The errors were identified and 

corrected in order to complete this project. 

 

In conclusion, this report finds that Standard 155P can be a viable alternative to Standard 1500.  The 

areas of weakness mentioned and discussed in this report required, and to some extent have received, 

further investigation and changes to the standard by the project committee. 

 

INTRODUCTION 

 

The test procedure currently prescribed by the Department of Energy (DOE) for commercial boiler 

efficiency measurement is ANSI/AHRI 1500, with some additional requirements called out in 10 CFR 

431.  Since it is believed that DOE could eventually adopt BSR/ASHRAE/AHRI 155P, this project will 

compare the results of ANSI/AHRI 1500 to the Advisory Public Review draft of BSR/ASHRAE/AHRI 

155P.  The major differences between Standard 1500 and Standard 155P are as follows: 

 

1) Standard 1500 measures thermal efficiency directly.  For water boilers, output is calculated using 

the measurements of water flow through the boiler, and water temperature rise. For steam boilers, 

output is calculated using the measurements of feed water flow, as well as the pressure of steam 

produced. The calculated output is divided by the input to determine the boiler’s thermal 

efficiency.  By contrast Standard 155P measures thermal efficiency indirectly using 

measurements of combustion efficiency, jacket loss, and electric power consumption. 

2) While Standard 1500 measures steady state efficiency only, Standard 155P includes an idling 

loss test intended to measure losses under “standby” conditions. 

3) For modulating and “stage fired” boilers Standard 155P requires steady state and idling tests at 

the minimum input (tests at intermediate inputs are also permitted). Standard 1500 only requires 

tests at maximum input. 

4) For condensing water boilers, Standard 1500 consists of a single test point at full fire of 80˚F 

water inlet temperature and 180˚F outlet temperature; and for non-condensing boilers the inlet 

temperature between 35˚F and 80˚F with an outlet temperature of 180˚F. 

Standard 155P specifies a significantly lower temperature rise (i.e. 40˚F) than Standard 1500 and 

specifies a 140˚F return water temperature for non-condensing boilers. It also allows optional 

testing at intermediate return temperatures between 80˚F and 140˚F. 

 

This project does not at all evaluate Sections 11 and 12 in the 155P standard. 

 

Taking all of the above into account, Standard 155P requires five tests for modulating condensing 

boilers: 

 High fire at 80˚F inlet & 120˚F outlet. 

 High Fire at 140˚F inlet & 180˚F outlet. 

 Low fire at 80˚F inlet & 120˚F outlet. 

 Low Fire at 140˚F inlet & 180˚F outlet. 

 High temperature Idling loss test. 
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For non-condensing modulating boilers, three tests are required: 

 High Fire at 140˚F inlet & 180˚F outlet. 

 Low Fire at 140˚F inlet & 180˚F outlet. 

 High temperature Idling loss test. 

 

 

This report is divided into the following sections: 

 

 Identification of Boilers 

 Steady State Testing 

 Jacket Loss 

 Idling Test 

 Summary of Results 

 Comparative analysis 

 Test Equipment 
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IDENTIFICATION OF BOILERS 

 

There were five boilers tested as part of this program.  They are identified as boilers #1, #2, #3, #4, and 

#5, each of which is described below: 

 

Boiler #1: Water boiler, condensing, step-modulating control, pre-mix with high-turndown. 

  Input Rate high-fire: 300,000 Btu/h to 400,000 Btu/h 

  Input Rate low-fire: 30,000Btu/h to 40,000 Btu/h 

  Fuel type: Natural Gas 

  Flue Size: 4” 

 

Boiler #2: Water boiler, non-condensing, single-stage control, high-mass boiler. 

Input Rate high-fire: 500,000 Btu/h to 600,000 Btu/h 

  Fuel type: Natural Gas 

  Flue Size: 7” 

 

Boiler #3: Water boiler, non-condensing, two-stage control, atmospheric burner, with louvered jacket 

openings and draft diverter. 

  Input Rate high-fire: 500,000 Btu/h to 600,000 Btu/h 

  Input Rate low-fire: 250,000 Btu/h to 300,000 Btu/h  

  Fuel type: Natural Gas 

  Flue Size: 10” 

 

Boiler #4: Water boiler, non-condensing, two-stage control, low-mass boiler, fan-assisted. 

  Input Rate high-fire: 500,000 Btu/h to 600,000 Btu/h 

  Input Rate low-fire: 250,000 Btu/h to 300,000 Btu/h 

  Fuel type: Natural Gas  

  Flue Size: 8” 

 

Boiler #5: Steam boiler, single-stage. 

  Input Rate high fire: 7.0 GPH/980,000 Btu/hr to 8.0 GPH/1,120,000 Btu/hr 

  Fuel type: Fuel Oil 

  Flue Size: 10” 

 

Note: The input ranges are provided as ranges to avoid identifying the specific test model. 
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STEADY STATE TESTS FOR DETERMINING EFFICIENCY AND OUTPUT 

 

STEADY STATE SET-UP 

 

Tests performed  

 Steady state combustion efficiency and thermal efficiency per ANSI/AHRI 1500-2015.  

Exception: Set-up, inlet water temperature, and outlet water temperature conditions 

were based on BSR/ASHRAE/AHRI Standard 155P 

 Steady state combustion efficiency test per the ANSI/AHRI 1500-2015First Public 

Review (August 2016) 

 

Set-up and test times were conducted per Standard 155P.  The major difference in the set-up between 

the two standards is that Standard 155P incorporates a four-elbow piping arrangement in the outlet 

piping, upstream of the temperature measurement point.  The velocity through the four-elbow 

configuration needs to be at least 3 ft/sec. 

 

The 155P and 1500 steady-state tests were performed concurrently. 

 

The test times for each steady-state test were as follows: 

It took about 2 hours to reach steady-state conditions. 

After ½ hour at steady-state, the 155P test period is ½ hour. 

After ½ hour at steady-state, the 1500 test period is 1 hour for condensing water boilers, ½ hour for non-

condensing water boilers, and 2 hours for steam boilers. 

 

For condensing boilers there is a difference between the two procedures for collecting condensate.  In 

ANSI/AHRI 1500-2015 section C2.2.4 states that flue condensate formed in the vent pipe shall not flow 

back into the unit and is not used in the calculation of steady state efficiency.  In BSR/ASHRAE/AHRI 

Standard 155P, figures 4A, 4B, 4C, and 4D for condensing boilers show that the flue condensate formed 

in the vent pipe is allowed to be collected and used in the calculation for steady state efficiency.  Figure 

4B from BSR/ASHRAE/AHRI Standard 155P was used for the set-up of boiler #1. 
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STEADY STATE TESTING ISSUES 

 

Condensate: 

Section 8.2.2 in Standard 155P requires a 30-minute stabilization period followed by a 30-minute steady 

state test period.   For condensing boilers, Section 8.2.3 states that: 

 

“Flue condensate shall be collected at 30 minute intervals during the combustion efficiency test. 

Flue condensate mass shall be measured immediately at the end of each collection period to 

prevent evaporation loss from the sample.” 

 

Condensate was collected only for the test period, which equals the test interval.  There is only one 

collection period unless the standard meant to collect condensate during the stabilization period or at a 

different interval than the test period.  The procedure leads one to think that there will be more than one 

measurement of condensate collection. 

 

Thermal/Combustion Efficiency Discrepancy: 

For boiler #3 with an integral draft diverter, testing needed to be repeated due to the flue sample probe 

not being fully immersed into the flue path.  The decision to repeat the test was based on the fact that the 

original calculated combustion efficiency was 78.6% with a calculated thermal efficiency of 80.8%.  

After readjusting the probe, the measured combustion efficiency increased about 4% to 82.7%.  This 

experience underscores the importance of accurately measuring the excess air level when performing the 

155P test; unlike Standard 1500, the 155P thermal efficiency result is entirely dependent on combustion 

efficiency. 

 

When testing an integral draft diverter boiler a sample traverse is required to acquire a combustion 

sample from all flue passages.  Locating the sample probe can be difficult causing inaccurate combustion 

readings.  

 

Electrical Consumption: 

In Section 11.2.2, Standard 155P lists the electrical consumption of several individual components.  In 

order to measure the electrical consumption of these components would require five separate power 

analyzers.  For this research project, electrical consumption was measured with one instrument that 

included all the electrical consuming devices.   

 

Section 6.5.6.3 requires the use of a wattmeter even though the calculations use kilowatt-hour for 

electrical consumption. The equations in sections 10.1.2, 10.3, and 10.6.3 all require units to be kilowatt-

hour, not watts.   If watts are the preferred way to measure input then clarification that the average watts 

of 1 minute data points over the test period will need to be recorded.  A watt-hour meter will give more 

accurate results than using a wattmeter.  This section also implies that only one wattmeter is used to 

determine the electrical energy consumption.  However, in the calculation in section 10.3, the standard 

requires the power measurement of five separate components: burner, heater, fan, controls, and pump.   

If Standard 155P is requiring separate measurement devices for each device, then this set-up section 

needs to state that the components are individually measured. 
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STEADY STATE TESTING RECOMMENDATIONS 

 

Flue Gas Sampling: 

In preparing the boiler for test, the flue gas sampling method in section 6.5.2 states that, 

 

“When taking flue gas samples from a round pipe, the samples shall be collected using an open 

end tube projecting into the pipe ¼ to ½ of the pipe diameter or an alternate sampling tube shall 

be used to obtain an average flue gas sample. When taking flue gas samples from a rectangular 

plane, the samples shall be collected using a sampling tube located so as to obtain an average 

flue gas sample.” 

 

Measurement of CO2 in the flue gas is critical in calculating an accurate combustion efficiency.  

Regarding repeatability, CO2 measurements can vary when inserting a probe ¼ to ½ way into the flue 

pipe.  There is also the concern that the probe will not stay level and will tilt up in the flue pipe.  South 

Coast Rule 1111 (Figure 1) has a good procedure for flue gas sampling of round vent pipes.  Adopting 

this procedure would help eliminate the variable insertion length into the flue pipe and allow for a proven 

sample traverse on the flue products.  CSA uses the SCAQMD probes but in addition, a 1/8” tip to the 

plugged end of the probe is added.  When inserting the probe into the flue pipe, the 1/8” tip protrudes 

through a 1/8” drilled hole in the opposite side of the flue pipe, which keeps the probe from tilting. 

 

Boiler #3 was the most challenging for obtaining an accurate flue gas sample.  The difficulty of sampling 

was due to the need for the sample probe to traverse the entire length of the heat exchanger and across 

multiple flue passages.  The other boilers tested did not have this problem because they did not 

incorporate an integral draft diverter. 

 

Sampling using non-round vents will need clarification. 
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Figure 1 SCAQMD Rule 1111 Sample Probe 

 
  



 

  

 12 

 

AHRI 5009 RESEARCH REPORT 

Corrections and Clarifications in Calculations: 

Section 9.1 Combustion Efficiency Test 

 Possible additional items that need to be added to section 9.1 are the auxiliary electrical 

 consumption for the variables of Eburner, Econtrols, Efan, Ehtr, and Epump in kWh. 

 

Section 10.1.2 Heat Input 

There is no definition in Section 3.2 for the variables tT and Qin.  The heat input variable is shown 

as Qin in section 10.1.2.  Section 3.2 does describe q̇in,ss as the heat input to the boiler.  We 

recommend changing Qin in section 10.1.2 to q̇in,ss to be consistent with the q̇in,ss in sections 10.4 

and 10.5. 

 

Section 10.1.2.2 For gas-fired boilers 

There is no definition in Section 3.2 for WV.  It is not known if WV includes or does not include 

a correction factor for standard temperature and pressure.  Standard 1500 uses the nomenclature 

CS as the correction factor applied for gas and WV for gas volume. 

 

Section 10.1.2.3 For electric boilers 

 Ein should be multiplied by 3413 to match the equation in the idling test of section  

 10.6.1.3. 

 

Section 10.1.3.1 Sensible Heat Loss in Dry Flue Gases 

The sensible heat loss equation has a 1000 divisor that should be removed.  The comparable 

equation in Section C7.2.4 of Standard 1500 does not have the 1000 divisor.  Leaving the 1000 

divisor in Section 10.1.3.1 results in the sensible heat loss in dry flue gases, Ls, going from 4.73% 

to 0.00473% and the combustion efficiency going from 87.64% to 92.36%.  

 

Section 10.1.6 Steady State Latent Heat Gain due to Condensation in Flue 

There is no equation for the variable qin,cond,ss.  If the condensate collection period is equal to the 

test period then qin,cond,ss is equal to q̇in,ss. 

  

Sections 10.3 and 10.5 Standard Auxiliary Input Rate 

In section 10.3, when testing a gas or oil boiler, the standard auxiliary energy q̇in,aux,ss should be 

multiplied by 3413 to convert to Btu/hr.  The units for q̇in,aux,ss are in kW.  In order for the 

calculations in section 10.5 to work, the variables need to be in the same units.  For electrical 

boilers, the equation works and the result is in kW.   However, for gas and oil boilers, the standard 

auxiliary energy is not converted to Btu/hr so the equation in section 10.5 does not have the same 

units. 

 

100 ∗ 𝑠𝑡𝑒𝑎𝑑𝑦 𝑠𝑡𝑎𝑡𝑒  𝑜𝑢𝑡𝑝𝑢𝑡(
𝐵𝑡𝑢

ℎ
)

𝑠𝑡𝑒𝑎𝑑𝑦 𝑠𝑡𝑎𝑡𝑒  𝑖𝑛𝑝𝑢𝑡 (
𝐵𝑡𝑢

ℎ
) + 𝑠𝑡𝑒𝑎𝑑𝑦 𝑠𝑡𝑎𝑡𝑒 𝑖𝑛𝑝𝑢𝑡 𝑎𝑢𝑥𝑖𝑙𝑙𝑎𝑟𝑦(𝑘𝑊)
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JACKET LOSS 

JACKET LOSS SET-UP 

Tests performed  

 Jacket loss test per the BSR/ASHRAE/AHRI Standard 155P First Public Review (August 2016) 

 

Once the boiler is set up for jacket loss, temperature measurement is straightforward, but time 

consuming.  Temperatures were measured per Section 8.2.4 with a surface temperature probe (see Figure 

2). Additional pictures were taken with an infrared camera.  The infrared data needs to be reviewed to 

see if the camera can be used to help determine jacket loss. 

 

Figure 2 Jacket Loss Probe 

 

 

 

The test times for each Jacket Loss test were as follows: 

 It took about 3 hours to lay out the grid and to reach steady-state conditions. 

 After steady-state: 

o The condensing, modulating boiler test required 2 hours for each firing rate. 

o The non-condensing boilers required 4 hours. 

o The louvered atmospheric boiler required 6 hours for both firing rates. 

o The steam boiler required 4 hours. 
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JACKET LOSS TESTING ISSUES 

 

Section 8.2.4.1.4 Hot Spots: 

Canvassing the jacket for hot spots with a 25˚F change in temperature was not feasible.  It is 

difficult to mark a 1-inch radius around a hot spot that is irregular.  Protrusions for the vent, flue, water 

pipes, burner covers, and access ports all created a task that can take hours to determine hot spots. 

 

Sections 8.2.4.1.5b Nine Equal Blocks and 8.2.4.1.5e Grids: 

  Because of the hot spot issues, all boilers, except boiler #2, were set up with a grid of  6” x 6” 

squares.   Boiler #2 was set up using a combination of 6” x 6” squares and 9 equal blocks.  Openings not 

used for combustion or ventilation were sealed before the jacket loss test was conducted.  The only boiler 

that could be divided into 9 equal blocks and give a reasonable result is the condensing modulating boiler 

#1.  Other problems are dividing round burner housings and/or burner housings that are not flush with 

the boiler jacket, which adds additional time to determine the grid, surface orientation, and surface area.  

6” x 6” squares were used on all boilers because the test procedure identifies that the 6” x 6” squares as 

the worst-case procedure for jacket loss.   

 

Figure 3 Corner 

 

Figure 4 Seams 
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Internal Convection Losses: 

Determination of internal convection losses proved to be one of the more subjective tests.  Section 

8.3 of Standard 155P states clearly how to handle measurements of openings larger than 0.5 in2.  Smoke 

tests conducted on Boiler #5 and Boiler #3 showed some areas around the bottom of the boiler where 

smoke was being pulled in, and the smoke exited from seams and joints in the panels of the boiler.  No 

smoke exited from any hole greater than 0.5 in2.  The standard does not address how to handle panels or 

doors that have overlapping joints or door panels where the installation of the panels are loose by design.  

Figure 3 is showing the corner of the boiler jacket where a loose lap joint is created when the panel is 

installed on the boiler.  Figure 4 is a picture of the seams running vertically as well as horizontal along 

the boiler.  Figure 5 shows the angled piece of sheet metal that the jacket rests on. 

  

Figure 5 Jacket panel slot and angled tab 

 

Figure 6 Louvered openings 

 

In Figure 6, the lower sets of louvers are used for combustion air, as this is an atmospheric boiler 

(Boiler #3).  The upper sets of louvers are for keeping the controls cool.  Per section 8.3.1 of Standard 

155P, the tester may or may not tape the openings.  If these openings are taped, there is a risk of melting 

or damaging the controls.  If the tester decides not to tape the opening, as allowed by the standard, an 

individual thermocouple will be needed in most of the 44 slots.  The louvered openings are 1in2, 0.25 

inches x 4 inches.   
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Other Difficulties in Measuring Jacket Loss:   

  Water, vent, and flue pipes, made it difficult to measure the jacket temperature in the center of 

some of the squares in the grid.  Boiler #2, (high-mass) has the burner combustion chamber close to the 

floor making it impossible to get a probe on the underside surface (see Figure 7)  In these cases, the 

average temperature on either side of the target was used to determine the jacket loss.   

 

Figure 7  
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JACKET LOSS RECOMMENDATIONS 

Calculations: 

Section 10.2 Jacket Loss 

In making a calculator for the Standard 155P equations, Section 10.2 was the most difficult to 

program as variable definitions are not clear. Revisiting the calculations for all of section 10.2 

should be considered. 

 

Section 10.2.2.15 Heat Loss through Diverter Opening: 

 mD is not referenced correctly.  The calculation also assumes that all of the dilution air for 

convective losses goes through one opening but section 6.5.5 allows for more than one.     

 

Section 8.2.4.1.7(h) Jacket Loss at the bottom of the boiler: 

 For this section, some of the boilers did not have a jacket at the bottom of the boiler.  In this 

case, we could not assign an emissivity value or a surface orientation value.   
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IDLING TEST 

IDLING TEST SET-UP 

Tests performed  

 Idling tests per the BSR/ASHRAE/AHRI Standard 155P First Public Review (August 

2016) 

 

Data was recorded at 1-minute intervals, including the determination of burner on and off time. 

 

The test times for each Idling test were as follows: 

 Each boiler needed about 4 hours of setup time. 

 It took about 3 hours to adjust the thermostat and reach steady-state conditions. 

 After steady-state: 

o the condensing, modulating boiler test required 6 hours. 

o the high-mass boiler required 9 hours. 

o the louvered atmospheric boiler required 2 hours. 

o the low-mass boiler required 2 hours. 

o the steam boiler required 10 hours. 

 

Figure 8 Typical set-up for idling loss test 
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IDLING TEST ISSUES 

The idling test for boiler #1 at low temperature rise was unable to be completed due to the 

circulating pump (used to maintain the required flow rate) adding enough heat to the water to prevent 

the boiler from cycling.  The test was continued for about 28 hours, and during that time, the water 

temperature remained at about 137°F.  The pump was shaft-coupled to the motor (see Figure 8).  The 

pump wattage during idle testing of the boiler #1 was about 550 watts (1875 Btu) at 17.5 gpm. 

 

The idling test requires the use of a flow meter to set the flow rate of the idling loop, and Figure 

7 shows an example of a typical idling loop set-up for water boilers.  Standard 155P Section 7.7.1.2 

mentions calculating water mass flow but this version does not require the use of water mass for 

calculations.  In addition, this section also states that corrections for flow and mass shall be done based 

on the instrument’s calibration curve and density.   Standard 155P has a required accuracy of ±0.5% of 

reading, which would not require the correction of flow based on a calibration curve.  If calculating the 

mass, Section 7.7.1.2 should have a provision to record the water temperature at the meter so accurate 

calculations of mass can be completed based on the water volume.  
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IDLING TEST RECOMMENDATIONS 

Section 8.5.2.1 Steam Valve Throttling: 

Adjusting the throttling valve to the “barely open” position is hard to determine and difficult to 

repeat.  For the idling test conducted at atmospheric pressure, reducing the outlet to a pipe nipple 

or orifice will allow the testing to be more standardized.  The nipple or orifice would be installed 

after the steady state and jacket loss tests are completed. 

 

Section 8.5.2.2 Controller: 

Standard 155P allows the use of the manufacturer’s temperature controller for the idling test.  

Does the manufacturer’s temperature controller need to meet the accuracy of ±1°F specified for 

temperature measurements in Table 2 of Standard 155P?  If required, then the specifications of 

the controller will need to be sent in with the boiler before testing.  If the manufacturer’s 

controller does not meet the accuracy then the ±1°F requirement in Table 2 may need to be 

removed. 

 

Section 8.5.3.1 Set points 

The example given for setting the thermostat is that when the water temperature falls 

below 175°F, turn on the unit, and when the boiler outlet water temperature reaches 185°F, turn 

off the unit.  This is the same as a set-point range of 175°F to 185°F.  In order to better understand 

what the test is trying to do, maybe the example should say another possible thermostat setting 

is turn the unit on at 155°F and off at 165°F.   

Boiler #2 is a single stage boiler and was the first boiler tested to the idling test procedure.  

The boiler controller was set to a 10°F differential.  The boiler turned on at 175°F but shut off on 

high limit before the temperature controller sensed 185°F.  The outlet temperature data also 

showed the outlet temperature increased rapidly.  It could be possible that the manufacturer’s 

temperature sensing element and thermal well do not have a fast enough response time to conduct 

the idling test.  The idling test was misunderstood and was tested to the range of 10°F outlet water 

temperature.  The controller was set to a smaller delta to achieve the requirement as needed, 

based on guidance from the SPC.  For instance, on Boiler #3 the controller was set to turn the 

burner on at 175°F and turn it off at 176°F in order to achieve the 175°F to 185°F outlet 

temperature.  Some boilers had a wider burner on/off range.    

For better consistency among all different boiler types, a separate data acquisition system 

that can turn the boiler on, off, and record these times more accurately would give more 

repeatable results.  Adjustment of the 10-degree differential would also be much easier.  The 

controller differential should be recorded, and the differential should be fixed at 10°F. 
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IDLING CALCULATIONS 

 

Section 10.6.1 Test Heat Input Rate 

Clarify that the variable ttest is the duration of the relevant test cycles in hours.  Multiplying by 

3600 or 3.6 are not necessary in the SI equations.   

 

Section 10.6.1.3 Electric Boilers 

The IP q̇in,idle,test is in Btu/hr whereas the q̇in,idle,test  for SI is in kWh.  The units are not clear.  There 

is no definition in Section 3.2 for Ein,idle,test. Ein,idle,test is the total electrical consumption of all test 

cycles during the idling test.  Ein,idle,test does not include auxiliary electrical consumption for all 

boiler types. 

 

Section 10.6.2 Corrected Idling Heat Input Rate 

The variables Tblr and Tout should have a clearer definition in the nomenclature for the idling test 

procedure.  Tblr and Tout  are the average outlet temperatures over the test period ttest. 
 

Section 10.6.2.2 High Water Temperature Hot Water 

The variables Tout and Troom should have a clearer definition in the nomenclature for the idling 

test procedure.   Tout is equal to the average outlet temperature of the relevant test period.  Troom 

is the average room temperature recorded over the relevant test period ttest.   

 

Section 10.6.4 Rated Idling Energy Input Rate 

In Section 3.2, five nomenclatures for idle energy input rate, which include auxiliary power in 

the definition: 

 q̇in,idle,corr  = thermal energy input rate in idling mode corrected to boiler water 

temperature or outlet water temperature rating conditions and room air temperature 

rating conditions. 

 q̇in,idle,180  = rated idling energy input rate at 180°F (82.2°C), including auxiliary power 

based on high temperature hot water idling test or steam idling test and the calculation 

of energy input in hot water mode from steam test.  

 q̇in,idle,120 = rated idling energy input rate at 120°F (48.9°C), including auxiliary power, 

based on low temperature hot water idling test. 

 q̇in,idle,rated = rated idling energy input rate including auxiliary power, Btu/h (kW).  

Auxiliary power includes electric power supplied to the boiler, the burner, the boiler 

controls, the blower, and any pump connected to the system (e.g. recirculation pump, 

system pump). 

 q̇in,idle,tested = test fuel energy input rate in idling mode. 

 

However, the calculations in section 10.6 only used q̇in,idle,corr and q̇in,idle,test.  It is recommended 

that q̇in,idle,test be replaced with q̇in,idle,180 for sections 10.6.2.1 and 10.6.2.2. Also, replace q̇in,idle,test 

with q̇in,idle,120 for section 10.6.2.3.  
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SUMMARY OF TEST RESULTS 

 

Table 1 Summary of test results: 

 

 

 

 

 

 

Table 2 Identifies Calculated and Measured tests for each test method: 

Standard Combustion Efficiency Jacket Loss Thermal Efficiency 

ANSI/AHRI 1500 measured calculated measured 

ASHRAE/AHRI 155P measured measured calculated 

 

 

 

AHRI 1500 

Combustion Effy 

(%)

AHRI 1500 

Thermal Effy

(%)

LU  unaccounted 

for losses

(%)

ASHRAE 155P 

Combustion Effy 

(%)

ASHRAE 

155P Jacket 

Loss

 (%)

ASHRAE 

155P Thermal 

Effy

(%)

ASHRAE 155P 

Idling Test 

(Btu/hr)

Fmax 

calculated per 

155P

Fmax from 

flow meter

155 and 1500 HF @ 

80/120
98.23 98.58 -0.35 98.23 0.08 98.05 * 19.76 19.45

Repeat 155 and 1500 

HF @ 80/120
97.48 97.35 0.13 97.47 0.09 97.27 * 19.81 19.44

155 and 1500 LF @ 

80/120
98.86 95.18 3.68 98.86 1.36 97.28 1.95 1.89

Repeat 155 and 1500 

LF @ 80/120
98.61 96.81 1.80 98.60 1.16 97.23 1.99 194

155 and 1500 HF @ 

140/180
88.60 88.14 0.46 88.59 0.17 88.33 2,106 18.13 18.02

Repeat 155 and 1500 

HF @ 140/180
88.55 87.97 0.58 88.55 0.19 88.26 2,276 17.92 17.75

155 and 1500 LF @ 

140/180
89.45 85.11 4.34 89.45 1.68 87.57 1.85 1.78

Repeat 155 and 1500 

LF @ 140/180
89.48 84.65 4.83 89.48 1.92 87.36 1.72 1.67

 #2 Non-condensing 

single stage high mass 

155 and 1500 HF @ 

140/180
82.31 80.37 1.94 82.31 0.74 81.23 6,133 24.76 23.96

155 and 1500 HF @ 

140/180
82.72 80.80 1.92 82.72 0.70 82.02 10,644 21.11 20.66

Retest Idling 9,551

155 and 1500 LF @ 

140/180
83.69 78.91 4.78 83.70 1.25 82.45 10.03 9.62

155 and 1500 HF @ 

140/180
83.12 82.23 0.89 83.15 0.54 82.50 3,561 20.82 20.59

155 and 1500 LF @ 

140/180
80.16 77.30 2.86 80.16 0.64 79.32 10.07 9.85

#5 Steam Boiler- 

single stage Oil
Steam HF 87.55 87.11 0.44 87.64 0.30 87.34 12,819 N/A N/A

#4 Non-condensing 

low mass, fan assisted 

2-stages nat gas

#3 Non-condensing 

atmospheric water 

boiler with louvered 

jacket openings 2 

stage nat gas

#1 Condensing 

modulating pre-mix 

with high turndown

* Unable to run due to the circulating pump maintianing the outlet temperature around 136°F
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COMPARATIVE ANALYSIS  

 

The combustion efficiency difference when testing to the BSR/ASHRAE/AHRI 155P and 

ANSI/AHRI 1500 standards was a maximum of 0.09% for Boiler #5.  The combustion efficiency 

difference for the four remaining boilers was less than 0.03%. 

 

From experience testing to Standard 1500, CSA has found that in some cases thermal efficiency 

test results are higher than combustion efficiency results, causing a concern because thermal efficiency 

should not be higher than combustion efficiency.  When conducting thermal efficiency tests, the accuracy 

of the gas meter, water meter, and temperature measurement instruments used for water inlet and outlet 

is crucial.   For example, the thermal efficiency for Boiler #1 was 97.35%.  Lowering the gas 

consumption by 0.5%, which is within the tolerance of the standard, would increase the thermal 

efficiency to 98.12% - a significant increase that is still within the accuracy of the standard.  When testing 

to Standard 155P, this will never be the case because direct measurements of combustion efficiency and 

jacket loss are taken.  Combustion efficiency minus jacket loss will always result in a thermal efficiency 

lower than combustion efficiency. 

 

For boiler #1, after run #1 steady state testing at 80°F inlet, 120°F outlet, the jacket loss result 

was -0.35% per the Standard 1500 method.  The data showed that the flow rate varied by approximately 

±1 gpm throughout the test, possibly accounting for the negative value.  Boiler #1 was re-run for 

repeatability, and this time the flow rate variation was within ±0.1 gpm with a calculated jacket loss of  

0.13% and a tested jacket loss of 0.08%.  

  

Standard 155P calculates the estimated maximum flow rate, F, in section 10.8, and the measured 

flow rate can be used to compare Standard 155’s accuracy.  The maximum calculated flow rate for boiler 

#1 run #2 at high fire with 80°F inlet and 120°F outlet was 19.81 gpm, but the actual flow rate measured 

was 19.4 gpm.  The flow meter used for this research project was a Micro Motion Coriolis meter with a 

calibrated accuracy of better than 0.5%.  For all boilers tested, the comparisons between actual flow rate 

and calculated flow rate showed that the Standard 155P flow calculation was roughly 0.4 gpm higher 

than the actual flow rate.  A discrepancy of ±0.1gpm or better should be expected.  Due to the discrepancy 

of flow rates between calculated and actual, it is a possible indication that the jacket loss test procedure 

has not fully accounted for all the losses.   

 

Discrepancy of jacket loss between Standard 1500 and Standard 155P for units tested at low fire 

could also be significant.  “Unaccounted for Losses” (Lu) calculated from the Standard 1500 test 

procedure were two to four times higher than the jacket loss measured using Standard 155P.  Lu is the 

difference between the thermal and combustion efficiencies measured using Standard 1500.  In theory, 

the principle cause of this difference is jacket loss.  As in the high fire case, flow rates calculated by 

Standard 155P do not line up with flow rates actually measured.  
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CONCLUSION & RECOMMENDATIONS 

 

One of the goals of this project was to get a better understanding of the problems of jacket loss 

measurements and proposing solutions to get a more repeatable jacket loss test that could be conducted 

consistently among different labs.  However, determination of repeatable jacket loss measurement is 

challenged by the layout of the grid, determination of hot spots, determination of convection openings, 

and determination of how to handle the bottom of the boiler.  Conducting the temperature measurements 

can take three or four hours to complete at each required condition.  A procedure for addressing louvered 

openings should be addressed.  Some consideration should be made towards simplifying the jacket loss 

measurement. 

 

The use of an infrared camera is a possible solution in reducing the time when conducting jacket 

loss.  More testing and evaluation needs to be conducted in order to develop a test procedure for jacket 

loss when using an infrared camera. 

 

Standard 1500 tests occasionally produces thermal efficiencies that are higher than the 

corresponding combustion efficiency, a situation that in theory is not expected to happen.  This happened 

once during this study due to poor water flow control.   Revisiting ANSI/AHRI 1500 to tighten its 

tolerances for water flow and water temperature and to require use of the SCAQMD sampling probe 

might help reduce the number of tests that result in thermal efficiency being higher than combustion 

efficiency. 
 

  For the Idling test, using the boiler temperature sensor and control to cycle the boiler often lacks 

the response time needed to run this test.  A recommendation is to use a laboratory-supplied control and 

a separate fast-response sensor at the outlet to control boiler cycling. 
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EQUIPMENT LIST 

 

 

Instrument Type Brand Model # Accuracy Calibrated 

Test Cart Varies 
RFRN-RBLR-

001 
 Yes 

Inlet Water Temperature 

Probe 
JMS  +/-0.5F Yes 

Outlet Water Temperature 

Probe 
JMS  +/-0.5F Yes 

Fuel Oil Volume MM  Z00005519 +/-0.5% Yes 

Combustion Air TC Probe Omega TSP-176 +/-0.5F Yes 

Ambient Air Temperature 1 CSA SLE Wire +/-0.5F validated 

Ambient Air Temperature 2 CSA SLE Wire +/-0.5F validated 

Ambient Air Temperature 3 CSA SLE Wire +/-0.5F validated 

Ambient Air Temperature 4 CSA SLE Wire +/-0.5F validated 

Type T, 5-TC grid, flue gas 

temperature 
CSA SLE Wire +/-0.5F validated 

Outlet Air temperature grid CSA SLE Wire +/-0.5F validated 

Inlet Air temperature grid CSA SLE Wire +/-0.5F validated 

CO2 Analyzer Siemens CO-53 +/-1.0% Yes 

Gas Chromatograph Agilent GA-74 +/-0.5% Yes 

Gas Meter American Meter DTM-104 +/1.0% Yes 

Gas Meter Elster AL-425 +/-1.0% Yes 

Water Flow Meter 
Micro Motion 

Coriolis 
9393 +/-0.25% Yes 
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