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Combustion Safety in the Codes

Widely adopted fuel gas codes: 

• National Fuel Gas Code – ANSI 
Z223.1/NFPA 54, published by 
AGA and NFPA (NFGC)

• International Fuel Gas Code –
published by the International 
Code Council (IFGC)

• Uniform Plumbing Code published 
by IAPMO (UPC) 

Safety codes become requirements when adopted by the Authority Having 
Jurisdiction (governments or fire safety authorities)
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Combustion Safety in the Codes

Formal Relationships Between 
these codes:

– The IFGC extracts many safety 
requirements from the NFGC
– The UPC adopts most safety 
requirements from the NFGC

Ensures all three codes have the 
same requirements
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Combustion Safety in the Codes

Scope:
•All installations of gas piping, 
appliances, equipment, and related 
accessories.
•After the point of delivery defined 
as the gas utility meter or second 
stage regulator for LP.
•Systems/Installations up to gas 
pressure of 125 psig
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NFGC/IFGC/UPC - FUNDAMENTAL SAFETY 
RELATED COVERAGE:

1. Gas piping: allowed materials, sizing, installation, 
inspection and testing

2. Appliance Installation: clearances to combustible 
materials, combustion air, and testing

3. Appliance venting: allowed materials, vent type 
selection, sizing, installation, and testing

What’s in the Code?
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1. Combustion air 
requirements

2. Language on placing an 
appliance in operation

3. Vent sizing tables for 
atmospheric combustion 
and fan-assisted 
(Category I) equipment

Three Key Provisions For 
Combustion Safety
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General Combustion Air Supply:

Specified by appliance type:

• Natural draft and category I appliances:
The code contains calculation methods for use of indoor air, outdoor 
air, or a combination.  

• Other than natural draft and Category I appliances:
In accordance with the manufacturers installation instructions. 

1. Combustion Air
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Allowed Combustion Air Sources:

• 100% Indoor air
• 100% Outdoor air
• Combination of Indoor/Outdoor air 
• Mechanically supplied
• Engineered Systems

1. Combustion Air



9 | Building America Program www.buildingamerica.gov

Indoor Combustion Air:

Two calculation methods:
Where the infiltration rate is unknown:

• 50 Cubic Feet (indoor building volume) per 1,000 Btu appliance input
• Historical basis is 0.5 Air Change per Hour (ACH)
• Assumes all appliances are natural draft (requires vent dilution air 
supply)

Where the infiltration rate is known or is set by the local authority
 Indoor volume is calculated based on the ACH and appliance type
 Appliances are classified as either fan-assisted or other than fan 
assisted (Fan-assisted appliances do not require a vent dilution air 
supply) 

1. Combustion Air
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1. Combustion Air

Outdoor Combustion Air:

Where indoor air is insufficient the code requires the use of 
outdoor air:
 Outdoor openings are sized based on: 
 Appliance Btu input 
 Number of openings to be installed (one or two) 
 The opening is directly to the outdoors or through ducts 
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1. Combustion Air

Combination Indoor/Outdoor Combustion Air:
 The size of the outdoor openings can be reduced where some 
indoor volume can be used.

Mechanical Combustion Air:
 A central ventilation air system is allowed to be used to supply 
combustion air
 System must provide in addition to all ventilation air a minimum of 
0.35 cubic foot per minute for each 1,000 Btu/hr of appliance input
 System must be interlocked to the appliances

Engineered Combustion Air:
 Must be approved by the Authority Having Jurisdiction
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2012 NFGC Section 11 
Follow the manufacturers 
installation instructions.
1. Adjust input (on rate and 

derate for high altitude)
2. Adjust primary air
3. Check safety shutoff 

devices
4. Check automatic ignition 

devices
5. Check limit controls
6. Check the draft

2. Placing an Appliance in Operation

2012 IFGC  Section 305.1 
Equipment and appliances 
shall be installed…according to 
the manufacturers installation 
instructions.

Appendix D (IFGC), Annex G 
(NFGC)  - “Recommended 
Procedure for Safety Inspection 
of an Existing Appliance 
Installation”
Not a part of the code.
(Continued)
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“Draft hood-equipped appliances shall be checked to 
verify that there is no draft hood spillage after 5 
minutes of main burner operation.”
Failing the test fails the inspection and remediation is 
required.

2. NFGC – 11.6 Check the Draft
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2. Atmospheric Water Heater 
Manufacturers Installation Instructions 
(example)
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“This appendix is informative and not a part of the code.”
Procedure is intended as a guide that an appliance is 
properly installed and in safe condition for continuing use.  
Intended for central furnaces and boilers.
1. Check for gas leaks
2. Inspect the vent for compliance to codes and deterioration
3. Shut off gas
4. Inspect burners and crossover tubing
5. Furnace – inspect heat exchanger
6. Boiler – inspect for leaks
7. Set up the house for test

a. Close all doors and windows
b. Turn on clothes dryers
c. Turn on exhaust fans at max speed – range hoods and bathroom vents (not 

whole house fan)
d. Close fireplace damper

2. Procedures for Safety Inspection
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7. Place appliance in operation – set to operate continuously
8. Check pilot, main burner ignition, pilot sense device
9. Check main burner  - no floating, lifting, flashback
10. Test for spillage at the draft hood relief opening after 5 minutes of 

operation with match, candle, or smoke
11. Turn on other appliances in the same room
12. Repeat steps 10-11 on appliance being inspected
13. Return building to previous condition
14. Furnace – check limit and fan control
15. Boiler – check safety devices

2. Procedures for Safety Inspection
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SELECTION OF VENTS:
 Based on appliance operating 
parameters:

• Natural draft or mechanically vented
• The listed vent category for furnaces 
and boilers

• I, II, III, or IV

Types of Vents
• Masonry, metal, and factory-built 
chimneys
• Gas Vents 

•Listed Type B & Type L
• Vents specified by the manufacturer

3. Venting Provisions
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3. Venting Provisions

VENTING TABLES
• 15 Tables
• Applicable to natural draft appliances 

–Includes Category I  and fan assisted Category I appliances
– Typical storage-type water heaters, 78%-82% AFUE furnaces & boilers
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Vent systems other than 
Category I – refer to 
manufacturers installation 
instructions

3. Venting Provisions

Category IV furnace, 
Category I water heater
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What combustion safety-related assumptions are 
behind the venting tables – FAN and NAT?
• Minimum capacity – FAN only; governed by the 

wet-time rule to avoid corrosion failures.
• Maximum capacity – Governed by buoyancy 

requirements.  
– For FAN - Calculated based on zero static vent pressure 

1 ft. from appliance outlet 1 minute from the start of the 
third appliance cycle.  These systems also have vent 
safety switches.

– For NAT, maximum capacity is based on venting tables 
originally published in the 1950’s and supported by 60 
years of field performance. 

3. Venting Tables – Combustion 
Safety
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All Codes
1. Required volume of combustion air as calculated
2. For draft hood equipped appliances: no spillage after 5 

minutes of main burner operation.  Recommended safety 
inspection.  For fan-assisted appliances, tables are based on: 
zero static pressure one ft. from appliance outlet 1 minute into 
the third appliance cycle.

3. Vent installation consistent with the tables

Summary
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• What is the basis for the combustion air calculations?
• What is the basis for checking performance of the draft 

hood after 5 minutes?
• Has anything changed to cause us to re-visit the 

assumptions behind the recommendations in the codes?

Summary – Open Questions



23 | Building America Program www.buildingamerica.gov

Gaps and Barriers in Combustion 
Safety

Overall residential gaps/barriers addressed in this presentation:
Common Basis for Combustion Safety Recommendations
• Specifically, recommendations for tight houses
What have we achieved so far?
• This presentation sets the basis for combustion safety procedures 

in the National and International Fuel Gas Code.
- What is left to achieve?
• The highest priority issue remaining to be solved is disconnect 

between code language, manufacturer installation instructions,  
and recommendations by field inspectors.

• We plan to continue to close this gap by identifying the differences 
between recommendations and seeking common ground.

• Possible risks going forward include differing recommendations  
not based on building science research.
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Combustion Safety Expert Meeting


