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available from the fuel minus the losses from the gasses going up the stack. 
Stack loss is a measure of the heat carried away by dry flue gases and the 
moisture loss. It is a good indicator of appliance efficiency. The stack 
temperature is the temperature of the combustion gases (dry and water vapor) 
leaving the appliance, and reflects the energy that did not transfer from the fuel to 
the heat exchanger. The lower the stack temperature, the more effective the heat 
exchanger design or heat transfer and the higher the fuel-to-air/water/steam 
efficiency is. The combustion efficiency calculation considers both the stack 
temperature and the net heat and moisture losses.  This would include losses 
from dry gas plus losses from the moisture and losses from the production of CO.   
 
Combustion converts the carbon and hydrogen in the fuel to CO2 and H2O. For 
each type of fuel there is a maximum CO2 that can be converted. When you 
select the fuel in the analyzer, the CO2 is calculated from the fuel type by the 
percentage of O2 left in the flue gas. Typically for natural gas the ultimate CO2 is 
11.7%. This would be achieved when the O2 in the flue gasses was at 0% Some 
analyzers also allow for the max CO2 to be input by the user if the heat content of 
the fuel is known.  
 
Again, the ultimate CO2 would be derived during stoichiometric combustion in 
which there is no excess air and no excess fuel present during the combustion 
process. In reality, in the HVAC industry we are striving not for stoichiometric 
combustion, but complete combustion in which all hydrogen and carbon in the 
fuel are oxidized to H2O and CO2. For complete combustion to occur, we have to 
have excess air, or air supplied in excess of what is needed typically because of 
poor mixing of the fuel and air during the combustion process. If excess air is not 
provided we will not have the complete conversion of carbon to CO2, and will end 
up with the formation of partially oxidized compounds, such as carbon monoxide 
and aldehydes. While ideal operating range for burners is not as efficient as 
stoichiometric combustion, it does provide us with an additional factor of safety.  
 
The percentage of excess air required is based upon several things including  

1. Equipment application (commercial, residential, industrial)  
2. Expected variations in fuel properties (wobble numbers)  
3. Combustion air supply rates and air density  
4. Degree of operator supervision required or available (summer winter 

adjustments and maintenance)  
5. Control requirements such as O2 trim  

For maximum combustion efficiency low excess air is desirable. For residential 
furnaces it is typically 50% however additional air may be required for dilution to 
prevent condensation of the flue gasses. This could be introduced into the 
appliance after the point of combustion through a draft diverter or as excess air 
which goes completely through the combustion process.  
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Each type of fuel has specific measurable heat content.  The maximum amount 
of heat that can be derived from a fuel is based on using pure oxygen as the 
oxidizer in the chemical reaction and maximizing the fuel gas mixture. In field 
practice, the oxygen is derived from the air which is 20.9% oxygen, 78% nitrogen 
and 1% other gasses.  Because the oxygen is not separated from the air prior to 
combustion, there is a negative effect on the chemical reaction. Air is primarily 
nitrogen.  While nitrogen is inert, and plays no role in the combustion process, it 
cools the chemical reaction (burning temperature) and lowers the maximum heat 
content deliverable by the fuel.  Therefore, it is impossible to achieve combustion 
efficiencies above 95% for most fuels, including natural gas, when air is used as 
the oxidizer in the combustion process.   

The combustion efficiency or maximum heat content of the fuel is then based 
upon the quality of the mixture of fuel and air, and the amount of air supplied to 
the burner in excess of what is required to produce complete combustion.  The 
efficiency calculated by the combustion analyzer is a modified equation that 
considers combustion efficiency and stack losses.  It is a part thermal, part 
combustion efficiency calculation. The equation is a reasonable estimation of the 
steady state thermal efficiency of the appliance. This is true of all analyzers 
currently manufactured.1 

The entire system (furnace/boiler, ducting, and piping) must be evaluated to 
determine the true efficiency of the system.  Combustion efficiency is a valuable 
part of the system evaluation, but it is only one part of the evaluation process and 
cannot be used as the sole reason or justification for keeping or replacing 
existing equipment.  

If the excess air is carefully controlled, most furnaces are capable of performing 
at higher levels than their rated Annualized Fuel Utilization Efficiency or AFUE 
level, AFUE levels typically range from 80% to 97% 2    

The ultimate thermal efficiency of the appliance is determined by dividing the 
heat output rate of the appliance by the rate of fuel input.  During the combustion 
process, all furnaces that operate with the same combustion efficiency will 
produce the same amount of heat with the same fuel input.  The combustion 
efficiency has no bearing on how well the appliance utilizes the heat 
produced after the combustion process has taken place.   Heat exchanger 
design and its ability to transfer the sensible3 and possibly the latent4 heat to the 
room air determine how well the heat produced by the combustion process is 
utilized. 

                                                 
1 Manufacturers use differing forms of combustion equations.  This modified equation is often 
referred to as combustion efficiency, even though as a matter of pure science it is not.    
2 AFUE is also known as the Department of Energy Minimum Seasonal Efficiency 
3 Sensible heat is the heat measured with a thermometer 
4 Latent heat is the heat available when the water vapor in the exhaust gas has been condensed 
out 
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During combustion, new chemical substances are created from the fuel and the 
oxidizer. These substances are called exhaust gasses. Most of the exhaust gas 
comes from chemical combinations of the fuel and oxygen. When a hydrocarbon-
based fuel (Natural Gas) burns, the exhaust gasses include water (hydrogen + 
oxygen) and carbon dioxide (carbon + oxygen). But the exhaust gasses can also 
include chemical combinations from the oxidizer alone. If the natural gas is 
burned with air, which contains 21% oxygen, 78% nitrogen and 1% trace gasses, 
the exhaust can also include carbon monoxide (CO), oxides of nitrogen (NOX, 
nitrogen + oxygen) and if sulfur is present in the fuel, sulfur dioxide, SO2 (Sulfur + 
oxygen).  

The temperature of the exhaust will be high because of the heat that is 
transferred to the exhaust during combustion. Because of its high temperature, 
exhaust usually occurs as a gas, but there can be liquid or solid exhaust products 
as well. Water (H2O) is always present in natural gas and oil combustion in 
residential furnaces. Soot, which is incompletely burned fuel, is a form of solid 
exhaust that occurs in some combustion processes, particularly carbon luminous 
flames.  

During the combustion process, as the fuel and oxidizer are turned into exhaust 
products, heat is generated. Interestingly, some source of heat is also 
necessary to start combustion. Gasoline and air are both present in your 
automobile fuel tank; but combustion does not occur because there is no source 
of heat. Since heat is both required to start combustion, and is itself a product of 
combustion, we can see why combustion takes place very rapidly. Also, once 
combustion gets started, we don't have to continue to provide the heat source, 
because the heat produced by the combustion process will keep things going. 
We don't have to keep lighting a campfire, it just keeps burning. 

Flue gasses are the gasses produces by burning fuel. These gasses are hot, but 
have not given up all their heat in the combustion process. Depending on the 
type of furnace, a certain amount of heat must go out of the flue to prevent the 
gasses from condensing. With high efficiency furnaces, condensing is desirable 
because of the additional heat extracted from the flue gasses.    

A digital combustion analyzer performs all of the mathematical calculations and 
measurements necessary to determine efficiency, safety, dew point, and the 
amount of pollution the appliance is producing.  For most technicians, the safety 
(CO) and efficiency (EFF.) readings will be the most important and most 
frequently referenced numbers.  When safety or efficiency is compromised, other 
portions of the chemical reaction (CO2, O2) will be referenced, along with 
calculated values like excess air, to determine the cause of the problem in the 
combustion process. Other variables like NOx and SO2 are referenced and 
controlled to keep them at levels that are safe for the environment and 
acceptable to the local authority having jurisdiction over these matters.  Some 
areas do not currently regulate levels of NOx and SO2 and where they are not 
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stable reading because the CO can continue to rise far above dangerous levels. 
Levels above 400 ppm are not permissible and require immediate repair and or 
shutdown of the appliance.  
 
CO levels in ambient air are not normally from a cracked heat exchanger.  More 
often than anything else it is the result of auto exhaust from an attached garage, 
and or depressurization of the home resulting in insufficient air for combustion.  If 
CO is detected, all possible sources of CO should be checked including but not 
limited to hot water tanks, gas ovens and stoves, the furnace, (non-electric) 
space heaters, vented or unvented appliances like gas logs.    
 
All homes equipped with an attached garage should have a CO detector installed 
on each floor. BPI requires at least one CO detector meeting UL-2034 
requirements shall be installed according to  manufacturer's instructions in every 
home with an attached garage and/or combustion appliances. It is recommended 
that additional CO detectors are installed, as needed, to provide a separate 
detector for each floor of the building. 
  
 
 
Ambient CO Limits (Recommended)  

 
1-9 ppm  Normal levels within the home.  If there are no smokers, 

investigation is recommended. These levels will be 
measured above ambient levels in most cases because the 
CO instrument has been zeroed in outdoor air. 9 ppm is the 
maximum recommended level for 24 hours continuous 
exposure.  

 
10-35 ppm Advise occupants, check for symptoms, (slight headache, 

tiredness, dizziness, and nausea or flu like symptoms.) 
check all unvented and vented appliances, including the 
furnace hot water tank and or boiler, check for other sources 
including attached garages or small engine operation 

 
36-99 ppm Recommend fresh air, check for symptoms, ventilate the 

space, recommend medical attention 
 
100+ PPM Evacuate the home (including yourself!) and contact 

emergency medical services (911).  Do not attempt to 
ventilate the space.  Short-term exposure to these levels can 
cause permanent physical damage.  
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D. If the building is under a negative pressure, the chimney will not 
draft. The higher pressure outdoors will force air down the 
chimney or flue vent spilling the flue gasses into the building. 

E. Vent spillage will increase the probability that the flue gasses will 
contain Carbon Monoxide (CO) due to recirculation of flue gasses 
resulting in poor combustion. 

 
The Ventilation Air Test/Combustion Safety Test: 
 

A. The ventilation air test or combustion safety test is a worst-case test 
used to determine whether or not enough indoor air and infiltration air 
is coming into the building; used to test for proper ventilation/infiltration 
under actual operating conditions. 

 
B. The procedure for the ventilation air test is outlined in the International 

National Fuel Gas Code. (ANSI Standard Z223.1) and BPI Technical 
standards for the Building Analyst Professional.   

 
C. It is should be performed on every gas appliance installation and every 

gas appliance service call prior to servicing the appliance, and or 
completing any insulation or air sealing of a dwelling.   

 
 
Background Information: The Ventilation Air Test 
 
This procedure should be performed prior to any attempt at modification of the 
appliance or of the installation.  For HVAC technicians this includes servicing, 
clean and checks, and/or mechanical changes like duct sealing.  
 
If it is determined there is a condition that could result in unsafe operation, the 
appliance should be shut off and the owner advised of the unsafe condition.5  If 
there is not sufficient air for combustion and/or ventilation, the homeowner and/or 
technician will be at risk by operating the appliance under worst-case conditions.  
 
This test is performed to insure that the building into which you are going to 
install, or have installed, a fossil fuel appliance has enough ventilation/infiltration 
air to replace the air used in the combustion and venting process. This test 
should be performed on an annual basis.  
 

                                                 
5 If conditions can be changed to temporarily correct the condition, for example removing the door 
from the adjoining space, cracking a window in the basement, or locking out another appliance 
that is not deemed critical for heating the structure, the heating appliance can be left in operation 
provided the corrections to the combustion/ventilation system are incorporated prior to returning 
to normal conditions.  Any changes made should be noted on the work order and signed off by 
the customer before any changes are made.  Any appliance left in operation must not show any 
signs of combustion/ventilation problems. 
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Modern buildings may be much tighter than old buildings; some do not allow 
enough leakage for the infiltration air to enter the building from the outdoors. 
Winterization practices on older homes have sealed many of the openings that 
formerly provided combustion and ventilation air. Duct sealing may also have 
affected the combustion process 
 
If the building does not allow enough infiltration air in, provisions must be made 
to bring in the outdoor air to replace the air used in the combustion and 
ventilation process. This could mean the installation of natural or mechanical 
combustion air to assure proper combustion and venting.  
 
This test should be performed even if you are installing a 90+ furnace that takes 
all of the combustion air directly from the outdoors. This test is recommended by 
the International Fuel Gas Code and BPI since you are making changes in the 
venting system by removing the old appliance. 
 
This test should be performed on all furnaces, boilers, hot water tanks, or other 
fuel burning appliance inspections or installations including the installation of 
woodstoves or other fossil fuel appliances.  
 

 
8.6 Gas Supply Safety 
The entire gas/propane line must be examined and all leaks repaired. Particular 
care should be made in the immediate vicinity of the appliances and at the joints, 
shutoff valves, and pilot lines. Identify the general area of leaks using an 
electronic gas leak detector at a rate of about 1 inch or travel per second and 
accurately locate the source of the leak using an approved soap bubble solution. 
 
 
Flexible gas lines must be replaced if they are: kinked, corroded or show signs of 
visible wear, the line was manufactured before 1973 (date is stamped on the 
date ring attached to the line), or the line has any soldered connections.
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When CAZ depressurization limits are exceeded under worst-case conditions 
according to the CAZ Depressurization Limit table, make up air must be provided 
or other modifications to the building shell or exhaust appliances must be 
included in the work scope to bring the depressurization within acceptable limits.  
 
Worst-case CAZ depressurization limits are shown below: 
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If the stack CO in any appliance is measured greater than 100 ppm during 
diagnostic testing, or the ambient CO in the home exceeds 35 ppm during 
appliance operation, an appliance clean and tune must be completed as part of 
the work scope. 
 
The homeowner shall be notified of the results of all combustion safety tests. 
 
In addition to the BPI standards for combustion safety testing vented appliances, 
the following section from the National Fuel and gas code provides some 
additional specific mechanical tests for gas furnaces and boilers that should be 
followed by the heating contractor.  
 

 
RECOMMENDED PROCEDURE FOR SAFETY INSPECTION OF AN 
EXISTING APPLIANCE INSTALLATION AS OUTLINED IN THE 2003 

INTERNATIONAL FUEL GAS CODETM 
Used with permission of copyright holder. 

 
Note:  If appliance fails this test, do not proceed until repairs are made. 

 
The following procedure is intended as a guide to aid in determining whether an 
appliance has been properly installed and is in a safe condition for continued 
use. This procedure is predicated on central furnace and boiler installations, and 
it should be recognized that generalized procedures cannot anticipate all 
situations. Accordingly, in some cases, deviation from this procedure is 
necessary to determine safe operation of the equipment.  
 

(a) This procedure should be performed prior to any attempt at modification of 
the appliance or of the installation.  

(b) If it is determined there is a condition that could result in unsafe operation, 
the appliance should be shut off and the owner advised of the unsafe 
condition. The following steps should be followed in making the safety 
inspection:  
 

1. Conduct a test for gas leakage. (See Section 406.6 IFGC)  
 
2. Visually inspect the venting system for proper size and horizontal 

pitch and determine there is no blockage, restriction, leakage, 
corrosion, or other deficiencies that could cause an unsafe 
condition. (This will require removal of the vent from the chimney in 
most cases) 

 
3. Shut off all gas to the appliance and shut off any other fuel-gas-

burning appliance within the same room. Use the shutoff valve in 
the supply line to each appliance.  

 
4. Inspect burners and crossovers for blockage and corrosion.  
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8.8 Performing a Draft Test: 
Verifying draft and checking for spillage is an 
important safety consideration. Draft is required to 
remove the flue gasses from the heat exchanger 
or draft hood on all atmospheric and draft induced 
appliances, and most power burner equipped 
appliances.    
 
All appliances requiring draft are required to have 
and maintain draft during operation.   
 
An appliance has 5 minutes under the ANSI 
standards to prove draft.  
 
If following BPI standards, Vented appliances, 
regardless of type, that spill flue gases for more 
than 60 seconds after startup, fail the spillage 
test.   
 
During steady state operating conditions, the draft 
should be stable. The draft will increase as the 
flue warms until it reaches maximum flue 
temperature and stabilizes.  The analyzer will 
record and store the draft reading for the flue gas 
measurement screen and printout.  
 
Note: If the appliance and chimney are cold it can take up to five (5) minutes to 
establish draft. (a spill switch must trip within ten (10) minutes if spillage occurs. 
A system that has been under operation should have or establish draft very 
quickly. If draft induced and atmospheric appliances are common vented, always 
verify the atmospheric appliance is not spilling when both appliances are 
operating.  Verify that flue gasses are not spilling through the draft hood on the 
atmospheric appliance when it is operating by itself. If both appliances are 
common vented, both should be draft tested. Kitchen exhaust fans, basement 
doors opening or closing etc, should not affect draft. If multiple draft-induced 
appliances are common vented, assure that spillage does not occur through the 
heat exchanger and out through the burner openings of the adjoining appliance 
while it is in its stand-by position (OFF)  
 
Spillage and Draft Tests 
Spillage and draft tests must be completed for all natural and induced draft space 
heating systems and water heaters. Spillage and draft must first be tested under 
worst-case conditions (See page 19) and then repeated for natural conditions if 
the appliance fails under worst-case. 
 

 

 Combustion 
Test here 

NOTE: Draft is always checked 
upstream of the draft diverter 
on atmospheric appliances, 
and upstream of the draft 
inducer motor on induced draft 
appliances. In both cases, the 
draft should always be 
negative. 

Draft 
Test here 
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10 Three-Part Procedure for Checking a Heat Exchanger 

 
CAUTION:  If appliance fails this test, do not proceed until repairs are made. 

 
The Gas Research Institute (GRI) funded a study to determine the most 
effective method for checking a heat exchanger. 
 
1. That study and the recommendations for the testing procedures were 

published in the RSES Publication 630-92 9/86. 
 
2. They determined that: 

 
A. A three part testing was necessary to determine the integrity 

of a heat exchanger. 
 
B. The three-part procedure they recommended is summarized 

as follows: 
1. Watch the flame when the blower comes on. The 

blower operation should not affect the flame pattern. 
2. Perform a visual inspection of the heat exchanger. 

(This may be limited by the shape of the heat 
exchanger and by visual obstructions such as an 
evaporator coil.)6 

3. Perform a chemical test on the heat exchanger. 
(Introduce a chemical that can be detected into the 
inside of the heat exchanger, then use an instrument 
that can sense that chemical in the supply air stream.)  

 
C. The International National Fuel Gas and Oil Codes say that 

you should check the heat exchanger on all service calls. 
They do not specify the method. 

 

                                                 
6 The chemical test was performed with a tracer gas (nitrogen and methane) and a calibrated 
detector usually calibrated to 1200cc of tracer gas. The study was performed in 1986, and 
although validated and recommended by GRI to become part of the appendix for heat exchanger 
testing in the Nation Fuel and Gas Code, no method has been officially adopted into the code. 
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 Corrective action: 
Attempt to visually find the crack or hole. 

A. If you can find the defect, show it to the customer. 
B. On the service invoice, write that your testing indicates 

presence of a leak in the heat exchanger. (Do this even if 
you cannot find the leak.) 

C. Inform the customer, in writing, that the heat exchanger has 
a defect and poses a potential danger. (Do this even if you 
cannot find the leak.) 

 
 

D. Explain the potential health risk: 
1. The defective heat exchanger is allowing the flue 

gases to enter the home/building. 
2. If poor combustion takes place, there is the potential 

to allow Carbon Monoxide into the structure. 
3. Carbon Monoxide is a deadly gas. It is colorless, 

odorless, and displaces Oxygen in the blood stream. 
High levels of Carbon Monoxide can cause brain 
damage and/or death. 

4. Ask the customer if you can shut down the furnace for 
their safety. Open the safety disconnect at the 
furnace.  Record this request on your service invoice. 

5. Possible solutions: 
A. Replace the heat exchanger. 
B. Replace the furnace. 

 
Note: You should NEVER attempt to repair a heat exchanger. 
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factors that must be determined in the field, but we do believe you should be 
aware of its findings.   
 
Under Section 503.12.4 of the IFGC, the addition of a draft regulator is allowed 
provided the code requirements are followed. An important factor to remember 
when installing draft control devices is they control draft, not create it. The 
addition of a draft control device is only desirable when the draft would prove to 
be in excess of what the manufacturer requires at the vent connector.  If the draft 
hood is modified as suggested in the A.G.A. study, the installation shall be in 
accordance with recommendations of the equipment manufacturer and shall be 
approved IFGC 503.12.2.2. 
 
In the case of an atmospheric burner, the combustion air is drawn in by buoyancy 
of the heated flue gasses and mixes with the gas as it enters the combustion 
chamber. The fuel/air mixture burned in the combustion chamber quickly 
releases its heat to the heat transfer surfaces surrounding it, and the hot flue gas 
escapes through a draft hood into the flue.   
 
The role of the draft hood is to prevent excessive flue draft or a back draft in the 
flue system from affecting the combustion process. It is designed to physically 
separate the appliance from the draft. Because flue gasses have natural 
buoyancy, it is not necessary for the appliance to be connected directly to the 
flue by design of natural draft appliances. As warm air rises and moves toward 
the vent connector, fresh air will be required to replace it.   
 
So long as draft is provided at the vent connector, the low-pressure zone created 
in the draft hood will direct all of the flue gasses and the proper amount of dilution 
air into the vent pipe and chimney. If a negative pressure is created in the 
appliance combustion/venting zone that is greater than the draft provided at the 
vent connector, spillage will occur.  The flue gasses will always move to the area 
of lowest pressure.  This will occur whether a draft hood or barometric damper is 
installed; hence the requirement of spill switches on both to improve safety.    
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12 Classification of Equipment (Gas Furnaces- AFUE) 
 
Determination of the exact equipment Annual Fuel Utilization Efficiency (AFUE) 
is not possible in the field. There are several types of efficiency ratings including 
Annual Fuel Utilization Efficiency (AFUE), Combustion Efficiency, Thermal 
System Operating Efficiency, and Steady State Operating Efficiency.  An older 
furnace can have 85% combustion efficiency yet have an AFUE of 60% because 
of the amount of heat going up the stack, which is heat not being transferred by 
the heat exchanger. A 95% AFUE furnace can be operating in the 60% range 
due to poor installation or operation In general; furnace efficiency (AFUE) can be 
generalized by the following chart and guidelines provided the installation is 
adequate.  
 
60-70% AFUE range: 
   

Standing pilot, draft diverter, belt drive blower, and a 
single upshot burner. Single wall flue pipe 

  
70-78% AFUE range: 
   

Intermittent pilot direct spark or Hot Surface Igniter 
(HIS), draft diverter, with/without flue damper, direct 
drive blower, multi cell construction with ribbon, slotted, 
or ported burners. Single wall flue pipe 

  
80-89% AFUE range:  Intermittent pilot direct spark or HSI, induced draft, 

direct drive blower, could be multistage and/or variable 
speed, jet or in-shot type burners, single or double wall 
flue pipe. If vented in masonry chimney, chimney must 
be lined. 

  
90-97% AFUE range: 
   

Intermittent pilot direct spark or HSI, induced draft, 
direct drive blower, could be multistage or modulating  
and or variable speed, jet or in-shot type burners, 
secondary heat exchanger, plastic flue pipe 

 
Thermal efficiency can be field-calculated provided the heating value of the fuel 
being burned is known, and accurate measurement of the airflow across the heat 
exchanger is made.  The values should be input into the sensible heat formula 
and then divided by the appliance input.  
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completely heat an object once the energy has been transferred by convection 
and radiation to the surface of the object being heated. With newer heat 
exchangers being low mass, the time required to reach steady state efficiency or 
the point at which a constant rate of input produces a constant rate of output has 
been significantly reduced.   
 

NOTE: Low mass heat exchangers do come at a cost. Stresses produced 
on a low mass heat exchanger due to loss of airflow or low airflow, over-
firing, and/or excessive short cycling can cause premature failure of heat 
exchanger material, and/or mechanical and or welded connections.  
Careful inspection should be done on an annual basis.  Inspection of the 
heat exchanger is required if the furnace has been cycling on the high limit 
control, experiencing blower motor failure or has been over-firing no 
matter how short the length of time.   
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5. Allow furnace to operate for ten minutes or until stack temperature 
stabilizes.   

7. Measure and print combustion results prior to and after making any 
adjustment to the furnace.  

 
Note: If furnace is multi-stage or modulating, each stage must be 
checked independently to assure safe operation through the entire 
operating range.  
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FUEL OIL 
For fuel oil the procedure involves verifying the nozzle size and the correct fuel 

pressure.  After the Nozzle size in GPM (gallons per minute) is known and fuel 
pressure set, the combustion efficiency must be measured with a stable stack 
temperature, and the temperature rise across the heat exchanger recorded.   

 
CFM = ((Btu/gal oil) x (Nozzle size GPM) x (combustion efficiency)) / (1.08 x deltaT) 
  

For fuels other than those listed above see the chart in Section 19.  For residential 
applications the standard values will be sufficient as small changes in the heat quantity 
of fuel will have a very small impact on final calculations.  
 
 
17 BTU Content of Fuels 
Since the actual heat content of different types of fuels varies, the approximate average 
values are often used. The table below provides a list of typical heating fuels and the 
BTU content in the units that they are typically sold in the United States. The figures 
below are general references for residential heating applications only. Commercial and 
industrial users should obtain more precise values from their fuel vendors. 

Table 1: Average Btu Content of Fuels 
Fuel Type No. of Btu/Unit 
Fuel Oil (No. 2) 140,000 per gallon 
Electricity 3,412 per kWh 
Natural Gas 1,027 per cubic foot 

Propane 91,330 per gallon 
2500 per cubic foot 

Wood (air dried)* 20,000,000 per cord or 8,000 per pound 
Pellets (for pellet stoves; premium) 16,500,000 per ton 
Kerosene 135,000 per gallon 
Coal 28,000,000 per ton 

 
From U.S. Department Energy 
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18 Sample form: Heat Exchanger / Venting / Combustion Problem 
 

(COMPANY NAME HERE) 
 
 
Heat Exchanger / Venting / Combustion Problem 
 
While inspecting your furnace performing the three-part inspection procedure as 
outlined in Refrigeration Service and Engineering Society publication 630-92 
9/86, and adopted by the Gas Appliance Manufacturers Association, and or 
during venting/combustion air testing outlined in the National Fuel and Gas Code, 
we found the following: 
 

1. ______ The heat exchanger has a visible crack, hole, or opening that 
may allow the flue gasses to enter the home. 
 

2. ______ Testing of your heat exchanger using the salt spray test 
(Chemical Test) gave a positive result. This indicates that the flue 
gasses may be entering the home through a crack, hole, or opening 
that is not visible to the eye. 
 

3. ______ There is a venting or combustion air problem 
 
Any breach in the heat exchanger or a venting/combustion air problem may allow 
the flue gasses to enter the home creating a potentially dangerous situation for 
the homeowner. 
 
We highly recommend that you allow us to turn off the furnace until this problem 
can be corrected. 
 
If you wish to continue operation of the above cited appliance, please read and 
sign the statement below: 
 

I understand that by operating this appliance without correcting the 
problem, I assume full responsibility for any harm or damage that 
may result from my decision. I will not hold COMPANY NAME its 
heirs, or any of its employees liable for my decision. 

 
 
 
 
Customer Name: ___________________________ Date: _________________ 
 
Customer Signature: __________________PRINTED_____________________ 
 
Technician Signature: _________________PRINTED_____________________ 
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2107 Wilson Boulevard, Suite 600 
Arlington, VA 22201 
Telephone: (703) 525-7060 
Fax: (703) 525-6790 
www.gamanet.org 
info@gamanet.org 
 
ASHRAE 
American Society of Heating Refrigerating and Air Conditioning Engineers 
1791 Tullie Circle, N.E. 
Atlanta, GA 30329 
Telephone: (800) 527-4723  
Fax: (404) 321-5478 
Web: www.ashrae.org 
Email: ashrae@ashrae.org 
 
ANSI 
American National Standards Institute 
1819 L Street, NW 
Suite 600 
Washington, DC 20036 
Telephone: (202) 293-8020 
Fax: (202) 293-9287 
Web: Www.ansi.org 
Email: info@ansi.org 
 
RSES 
Refrigeration Service Engineers Society 
1666 Rand Road 
Des Plaines, IL, 60016-3552  
Telephone: 800-297-5660 
Web: www.rses.org 
Email: info@rses.org 
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International Fuel Gas Code 
American Gas Association 
200 North Capitol Street, NW 
Suite 200 
Washington, DC 20001 
Telephone: (202) 824-7000 
Web: www.aga.org 
Email: jranfone@aga.org 
 


