
 
 

August 25, 2014 

 

Ms. Brenda Edwards  

U.S. Department of Energy  

Building Technologies Program, MS EE-5B  

RFI for Commercial Water Heating Equipment 

1000 Independence Avenue, S.W.  

Washington, D.C. 20585-0121  

 

Re: RFI for Test Procedure for Commercial Water Heating Equipment 

Docket No. EERE–2014–BT-TP–0008 

 

Dear Ms. Edwards,  

 

On March 31. 2014 the Air-Conditioning, Heating, and Refrigeration Institute (AHRI) submitted 

comments in response to the Request for Information on the efficiency test procedure for commercial 

water heating equipment (February 27, 2014 Federal Register).  In those comments we pointed out that 

the current standby loss test procedure for commercial water heaters is designed to test tank-type water 

heaters which are thermostatically operated and it does not address water heaters that have no means to 

activate the burner of heating element during periods when no heated water is being withdrawn from the 

unit, i.e. the standby condition.  We also noted that AHRI is developing a standby loss test procedure 

appropriate for those models of tube-type commercial instantaneous water heaters and hot water supply 

boilers that contain at least 10 gallons of water. 

Supplementing those comments, attached is a recommended standby loss test procedure for commercial 

tube-type instantaneous water heaters and hot water supply boilers that contain at least 10 gallons of water 

and which are designed to be flow activated.  Since the current DOE test procedure references the test 

methods specified in the Z21.10.3 standard, this recommendation has been developed as a proposed 

revision to that standard.  As such, we also have submitted it to the Z21/83 Committee for its 

consideration.  (Note, no changes are being proposed for Section E.1; it is being included because it is 

referenced in the new procedure of proposed E.3.)    

Please contact me if you have any questions regarding this recommendation or require additional 

information about it. 

Respectfully submitted, 

 

Frank A. Stanonik 

Chief Technical Advisor 

 

Attachment 



AHRI Recommended Standby Loss Test Procedure For Commercial Tube-Type Instantaneous 

Water Heaters And Hot Water Supply Boilers That Contain At Least 10 Gallons Of Water 

Z21.10.3-2012 

Exhibit E Efficiency Test Procedures 
 

E.1   Method Of Test For Measuring Thermal Efficiency 
 

A water heater for installation on combustible floors shall be placed on ¾ in (1.9 cm) plywood platform 
supported by three 2 x 4 runners. If the water heater is for installation on noncombustible floors, suitable 
noncombustible material shall be placed on the platform. When the use of the platform for a large water 
heater is not practical, the water heater may be placed on any suitable flooring. A wall mounted water 
heater shall be mounted to a simulated wall section. 

 
Placement in the test room shall be in an area protected from drafts. 

 
Inlet and outlet piping shall be immediately turned vertically downward from the connections on a 

tank-type water heater so as to form heat traps. Any factory supplied heat traps shall be installed per 

the installation instructions. Thermocouples for measuring inlet and outlet water temperatures shall be 

installed before the inlet heat trap piping and after the outlet heat trap piping. 

 
Water-tube water heaters shall be installed as shown in Figure 3, Arrangement for Testing Water-tube Type 

Instantaneous and Circulating Water Heaters. 

a.    Piping Insulation 

 
Insulate the water piping, including heat traps, for a length of 4 ft (1.22 m) from the connection at 

the appliance with material having a thermal resistance (R) value of not less than 4 [F·ft ·hr/Btu 

(0.7 K·m /W)]. Care should be taken so the insulation does not contact any appliance surface 

except at the location where the pipe connections penetrate the appliance jacket. 

 
b.    Temperature and Pressure Relief Valve Insulation 

 
If the manufacturer has not provided a temperature and pressure relief valve, one shall be 

installed and insulated as specified above. 
 

c.    Vent Requirements 

 
1.    Appliance Equipped With Draft Hoods 

All tests shall be conducted with the natural draft established by the following vent pipe 

arrangements: 

 
A vertically discharging vent connection shall have attached to and vertically above it, 5 ft (1.52 

m) of vent pipe the same size as the outlet. If the vent does not discharge vertically, a suitable 

elbow shall be installed first. 

 
2.    Direct Vent Appliances and Mechanically Vented 

 
The appliance shall be installed with the venting arrangement specified in the manufacturer's 

instructions. The water heater shall be installed with the manufacturer's specified minimum 

venting length venting arrangement. 
 
 
d.    Water Supply 

During conduct of this test, the temperature of the supply water shall be maintained at 70 ± 2°F 

(21 ± 1°C). The pressure of the water supply shall be maintained between 40 psi (275.8 kPa) and the 

maximum pressure specified by the manufacturer for the appliance under test. The accuracy of the 



pressure measuring devices shall be ±1.0 psi (6.9 kPa). For a water-tube water heater, the inlet water 

temperature shall be maintained at the supply water temperature or as specified by the manufacturer 

(see 2.1.8). 

 
A tank-type water heater shall be isolated by use of a shutoff valve in the supply line with an 

expansion tank installed in the supply line downstream of the shutoff valve. There shall be no shutoff 

means between the expansion tank and the appliance inlet. 

 

e.    Gas Supply 

The gas rate shall be adjusted as specified in 2.3.3. The outlet pressure of the gas appliance pressure 

regulator shall be within ± 10 percent of that recommended by the manufacturer. The higher 

heating value of the gas burned shall be obtained. 

 
f.     Installation of Temperature Sensing Means 

 
For tank-type water heaters, six (6) temperature sensing means shall be installed inside the storage 

tank on the vertical center of each of 6 nonoverlapping sections of approximately equal volume 

from the top to the bottom of the tank. Each temperature sensing means is to be located as far as 

possible from any heat source or other irregularity, anodic protective device, or water tank or flue 

wall. The anodic protective device may be removed in order to install the temperature sensing 

means and all testing may be carried out with the device removed. 

 
If the temperature sensing means cannot be installed as specified above, placement of the 

temperature sensing means shall be made at the discretion of the testing agency so 

comparable water temperature measurements may be obtained. 

 
A temperature sensing means, shielded against direct radiation and positioned at the vertical 

midpoint of the water heater at a perpendicular distance of approximately 24 in (610 mm) from 

the surface of the jacket, shall be installed in the test room. 

 
g.    Setting Tank Thermostat 

 
Before starting testing of a tank-type water heater the setting of the thermostat shall first be 

obtained by starting with the water in the system at 70 ± 2°F (21 ± 1°C) and noting the maximum 

mean temperature of the water after the thermostat reduces the gas supply to a minimum. The 

temperature shall be 140 ± 5°F (60 ± 3°C). 

 
h.    Energy Consumption 

 
Instrumentation shall be installed which determines, within ± 1 percent: 

 
1.    The quantity and rate of gas consumed. 

 
2.    The quantity of electricity consumed by factory supplied water heater components, and of 

the test loop recirculating pump, if used. 

 

i.     Room Ambient Temperature 

 
The ambient air temperature of the test room shall be maintained at 75 ± 10°F (24 ± 5.5°C), 

as measured by the test room temperature sensing means described in "-f" above. 

 
The ambient air temperatures shall be measured at 15 minute intervals during conduct of this 
test. The room temperature shall not vary more than ± 7.0°F (± 4°C) from the average during the 

test, temperature readings being taken by means of a recording thermometer at 15 minute 

intervals and averaged at the end of the test.  



j.      Efficiency Measurement 

 

The outlet water temperature shall be adjusted by varying the rate of flow until temperature is 

constant at 70 ± 2°F (21 ± 1°C) above the supply temperature. After the outlet temperature has 

become constant, as indicated by no variation in excess of 2°F (1°C) over a 3 minute period, the 

outlet water shall be diverted from the waste line to a weighing container. A scale with an error no 

greater than 1 percent of the total draw shall be used. Water shall be allowed to flow into the 

weighing container for exactly 30 minutes. The gas consumption and electrical power 

consumption of factory supplied heater components and of the test loop-recirculating pump, if 

used, shall be measured for the 30 minute period. At this time the outlet water shall be diverted 

back into the waste line, the meter readings noted, and the weight of heater water recorded. 

Throughout the period of test, supply and outlet water temperatures shall be recorded every 

minute. The temperature, pressure and heating value of the gas metered and barometric pressure 

shall be obtained. 

 
A water meter with an error no greater than 1 percent of the total draw may be used instead of 

the scale and weighing container. 

 
Thermal efficiency, Et, shall be computed by use of the following formula: 

c 

 Et   KW(2   1 ) / [(CF x Q x H)  Ec])X 100
 

where 
 

K 

 

 
= 

 

 
1.004 Btu per pound mass degree  F (4184 J/kg °C), nominal specific heat of water 
at 105°F; 

 

W 
 

= 
 

total weight of water heated, lbs. (kg); 
 

1 
 

= 
 

average temperature of supply water, °F (°C); 

2 = average temperature of outlet water, °F (°C); 

 

Q 
 

= total gas consumed as metered, cu. ft. (m
3
); 

 

Cs 
 

= 
 

correction applied to the heating value H, when it is metered at temperature 

and/or pressure conditions other than the standard conditions. At which the 

  heating value of gas is specified [normally 30 inches mercury column (101.3 kPa) 

  and 60°F (15.5°C)]; 
 

H 
 

= 
 

total heating value of gas, Btu per cu. ft. (MJ/m3); and 

Ec                  =          electrical consumption of the water heater and, when used, the test setup 
recirculating pump, specified in Btu (kJ). 

 

  

 
Standby Loss for tank type water heaters shall be determined using Appendix E.2 
 
Standby Loss for tube type water heaters that contain 10 or more gallons within the water heater, as 
determined under 5.27, shall be determined using Appendix E.3 
 
E.3 Method Of Test For Measuring Standby Loss For Tube Type Instantaneous Water Heaters With 
10 or Greater Gallons of Storage 
 
The appliance shall be installed as specified in G.1, Method of Test for Measuring Thermal Efficiency.  
This test may be conducted immediately following the thermal efficiency test.  In this case, start the test 



after the main burner(s) has shut down and, if applicable, the water pump has shut down.   Otherwise the 
water heater shall be put into operation under the same test conditions specified in G.1 and the outlet 
water temperature shall be adjusted by varying the rate of flow until temperature is constant at 70 ± 2°F 
(21 ± 1°C) above the supply temperature. After the outlet temperatures becomes constant, as indicated 
by no variation in excess of 2°F (1°C) over a 3 minute period, shut down the main burner(s) and, if 
applicable, wait for the water pump to shut down, and then start the test. 
 
At the start of the test record the time, ambient temperature, outlet water temperature, supply water 
temperature and begin measuring the fuel and electric consumption. 
 
During the first hour, outlet water temperature, supply water temperature and the ambient air temperature 
shall be measured at the end of each 5 minute interval. For the remainder of the test, these 
measurements shall be made at the end of every 15 minute interval. The duration of this test shall be 24 
hours. If the main burner is firing at 24 hours, continue the test until the main burner and the water pump, 
if applicable, have shut down. 
 
Immediately after the conclusion of the test, record the total fuel flow and electrical energy consumption, 
the final ambient air temperature and the final outlet water temperature.  
 
Calculate the average of the ambient air temperatures and the supply water temperatures taken at the 
end of each time interval, including the initial and final values.  
 
The average hourly standby loss, S, rounded to the nearest Btu per hour, shall be determined by the 
formula: 
 
  S = [(Cs(Qs)(H) + Ec) / t] – [(ΔT4) / (ΔT3)(t)Et ] 
where 

 
Cs = correction applied to the heating value of a gas H, when it is metered at temperature and/or 

pressure conditions other than the standard conditions for which the value of H is based; 

H = higher heating value of gas, Btu per cu. ft. (MJ/m3); 

Qs = total fuel flow as metered, cu. ft. (m3); 

ΔT3 = difference between the outlet temperature and the average value of the ambient air 

temperature, °F (°C); 

ΔT4 = difference between the average supply water temperature and the outlet temperature, °F 

(°C);  

t = duration of test, hrs.; 

Ec = electrical energy consumption expressed in Btu (kJ); and 

 

Et = thermal efficiency as determined under G1, Method of Test for Measuring Thermal Efficiency 

If the main burner(s) does not cycle on during this test the hourly average standby loss 

calculation simplifies to: 

 S = {(K(Va)(ΔT4) / Et) + Ec } / t 

 

For water heaters that will not initiate or cause actions that will initiate burner operation, the following 

simplified procedure may be used to measure the hourly standby loss.  

This test may be conducted immediately following the thermal efficiency test.  In this case, start the test 

after the main burner(s) has shut down and, if applicable, the water pump has shut down.   Otherwise, 



provide the electrical connection as specified in G.1. Method of Test for Measuring Thermal Efficiency 

and start the test. 

At the start of the test record the time and begin measuring the electric consumption for one hour.  

Record the duration of the test and the total electrical consumption during the test.  

The average hourly standby loss, S, rounded to the nearest Btu per hour, shall be determined by the 

formula: 

                                S = [((ΔT5 k Va / Et)/24) +Ec] 

Where: 

ΔT5 = 70°F (38.9°C), difference between the supply and outlet water temperatures; 

k= 8.25 Btu/gallon °F (4147.6331 J/l°C), the nominal specific heat of water; 

Va = water contained in the water heater expressed in gallons (L), as determined under 5.27; 

Ec = electrical energy consumption expressed in Btu (kJ); and 

Et = thermal efficiency as determined under G1, Method of Test for Measuring Thermal 

Efficiency. 

 

 

 


