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  M E M O R A N D U M  

 

To: NFPA Technical Committee on Internal Combustion Engines 

From: R.P. Benedetti 

Date:  February 21, 2013    

Subject: NFPA 37 Agenda Addendum  

 

The attached two items relate to Public Comment #7.  The first is a “cleaner” version of the 
proposed amendment itself and the substantiating statement;  the second is supporting material. 



4.1.4 Engines Located Outdoors. Engines, and their weatherproof housings if provided, that are 
installed outdoors shall be located at least 1.5 m (5 ft) from openings in walls and at least 1.5 m 
(5 ft) from structures having combustible walls. A minimum separation shall not be required 
where either of the following conditions exist: 
(1) All walls of the structure that are closer than 1.5 m (5 ft) from the engine enclosure have a 
fire resistance rating of at least 1 hour. 
(2)*The weatherproof enclosure is constructed of noncombustible materials and it has been 
demonstrated Calculations or full scale fire tests, acceptable to the authority having jurisdiction, 
using the engine and its weatherproof housing, based on the criteria in 4.1.4.1 through 4.1.4.4, 
have demonstrated that a fire within the enclosure will not ignite combustible materials outside 
the enclosure. 
4.1.4.1*The full scale fire tests shall be conducted in the vicinity of combustible walls 
constructed of materials with a level of combustibility not less than that of the materials intended 
to be present where the engine is to be located. 
4.1.4.2 The full scale fire tests shall result in complete consumption of all combustible materials 
contained within the engine. 
4.1.4.3 The full scale fire tests shall represent fire scenarios where the engine is operating and 
where it is not operating. 
4.1.4.4* Engines located outdoors shall be placed at a separation distance from the nearest 
combustible wall that is greater than the distance at which the fire tests have been conducted, to 
provide a margin of safety.   
A.4.1.4(2) Means of demonstrating compliance are by means of full-scale fire tests or by 
calculation Calculation procedures, such as those given in NFPA 555, Guide on Methods for 
Evaluating Potential for Room Flashover, are useful tools to assess the probability of safe engine 
placement. 
A.4.1.4.1 Combustible materials exhibit different levels of combustibility or of ignitability. 
Examples of combustible exterior wall materials include various types of siding, such as vinyl, 
wood and polypropylene, as well as different exterior wall coverings (such as particleboard), 
exterior insulation and finish systems and decorative laminates. It has been shown that these 
diverse combustible materials can have very different levels of fire performance or of ignitability 
(see for example, NFPA 555). Therefore, the full scale fire tests should be conducted in the 
presence of combustible materials that adequately represent the potential fire hazard to be 
expected where the engine is to be placed.   
A.4.1.4.4 If fire testing has demonstrated, for example, that a fire within the engine does not 
cause ignition of combustible walls at a certain separation distance it is important that the engine 
be placed at a separation distance greater than that at which the tests have been conducted. A 
reasonable margin of safety (for example 50%) should be provided to deal with the potential 
variability of the fire tests. 
 
Reasons: 
 
This section lacks the information an authority having jurisdiction needs to assess any reports 
provided by an engine manufacturer seeking to place engines close to combustible walls. There 
are no criteria for how to demonstrate that an engine fire will not ignite a combustible wall or for 
how close to the wall the engine can be placed. The proposed language provides that information 
without being a detailed test protocol and without ruling out the use of calculations as a tool. 



1. In view of the close proximity between homes that often install engines or generators to 
ensure uninterrupted electrical supply, clear criteria for engine placement are essential to 
permit adequate enforcement. NFPA 37 does not contain enforceable criteria.  

2. This comment incorporates the wishes of the technical committee that NFPA 37 should 
not specify details of the full scale fire test procedure to be used for determining 
acceptable separation distances. This is reflected in the revised wording. 

3. This comment also accepts the wishes of the technical committee that calculation 
methods be retained as an option. This is reflected in the revised wording. 

4. This comment does not propose wording that would require specific test protocols but 
simply proposes wording that ensures a minimal level of safety, after the calculations or 
full scale fire tests have been conducted. 

5. This comment suggests the addition of the phrase “acceptable to the authority having 
jurisdiction” because that will ensure an “approved” level of safety.   

6. If an engine burns it can cause the ignition of nearby combustible walls. Whether ignition 
of combustible walls occurs will depend primarily on three factors: (a) the amount and 
fire performance of the combustible materials in the engine and the engineering design of 
the engine and its enclosure, (b) the materials contained in the combustible walls present 
and (c) the distance between the engine and the combustible walls. 

7. Fire tests have demonstrated that fire tests with some engines can be more severe when 
the generator/engine is not operating because the associated cooling fan in the 
generator/engine can result in the extinguishment of the fire when the generator/engine is 
operating but not when the generator/engine is idle. This has been shown for at least two 
engine designs. (a) Jason Huczek (Southwest Research Institute) [“Custom Fire Testing 
of Power Generators for NFPA 37 Compliance”, at the NFPA 2010 Annual Meeting, 
Session T68, June 9, 2010] and (b) Marcelo Hirschler [“Testing of Residential 
Electrical Generators”, Fire and Materials Conf., San Francisco, CA, Jan. 31-Feb. 2, 
2011, pp. 71-81, Interscience Communications, London, UK, attached]. 

8. There can be no assurance that every generator/engine will be provided with an adequate 
fan. Therefore, full scale fire tests or calculations need to be conducted with both the 
engine operating and the engine idle. 

9. The full scale fire tests or calculations leading to the determination of the safe location 
distance need to be conducted in such a way that there is complete consumption of the 
combustible materials in the engine/enclosure to ensure that the full scale fire tests or 
calculations actually address the fire hazard.  

10. If the full scale fire tests or calculations do not result in complete consumption of the 
combustible materials in the engine there can be no assurance that the results are fully 
representative of the actual fire hazard. 

11. There are different types of combustible wall materials that are in common use and the 
full scale fire tests need to be conducted using either the wall materials to be used in the 
actual installation or the combustible wall materials with the poorest fire performance. 
Fire tests have demonstrated that polypropylene siding is a more combustible wall 



material than either wood siding or vinyl (PVC) siding. Peak heat release rate data for 
polypropylene, wood and PVC siding materials are shown below. 

12. The distance between the engine and the combustible walls must provide be a reasonable 
margin of safety so that if the tests are conducted at a distance of, for example 1 ft., the 
engine enclosure should not be permitted to be placed closer than 1.5 ft. (i.e. a 50% 
margin of safety). 

13. This comment proposes the elimination of the requirement that the weatherproof 
enclosure be constructed of noncombustible materials because that is not an enforceable 
requirement and has long been ignored by manufacturers. For the vast majority of 
engines the weatherproof enclosures contain some combustible components (such as 
knobs, for example) and their presence or absence is of no consequence if a fire that 
destroys all combustible materials does not cause wall ignition, and that is the key issue. 

 

Heat release rate of siding materials (calorimeter testing) 

Vinyl (PVC) siding:    187 kW/m2 

Cedar siding:      309 kW/m2 

Polypropylene siding:    546 kW/m2 

 

A publication by Marcelo Hirschler that provided one example of a set of tests that could be used 
to analyze the safe placement of generators follows. 
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ABSTRACT 
 
 It is becoming increasingly common to find electrical generators used to ensure continuity of 
residential electrical service.  Such electrical generators are usually placed as far away as possible from 
the combustible walls of homes. However, homeowners want to maximize the use of their 
yards/gardens/patios and prefer to minimize such separations. 
 
NFPA 37 requires that generators be placed at least 1.5 m from combustible walls unless tests have 
demonstrated that a fire within the generator enclosure will not ignite combustible materials outside the 
enclosure, while US codes require only a separation of 1.5 m between walls of residences. 
 
In this project a series of fire scenarios were identified which would represent the most extreme 
conditions under which a generator would have the potential to cause ignition of nearby combustible 
siding. The generator, containing an internal combustion gas-fueled engine, was placed within an open 
alcove-like enclosure consisting of three “walls” lined with non fire retarded polypropylene, simulating 
polypropylene siding. The walls were placed at a distance of 0.3 m from the generator.  
 
Tests were conducted with generators fed by natural gas and with ones fed by propane.  Temperatures 
were measured on the walls, inside the generator and on the open side of the alcove, via thermocouples.  
Heat fluxes were assessed on the walls and open side. Heat and smoke release was also assessed. 
 
In none of the tests did ignition of polypropylene on the walls occur. In order to allow for a reasonable 
safety margin, it was concluded that the electrical generators tested were suitable for installation within 
0.45 m of combustible walls. The most severe scenario has been shown to be when the engine and fan 
stop after running for a while and then ignition occurs and all combustibles can burn, to a degree that is a 
function of their fire performance. 
 
 
INTRODUCTION 
 
 In recent years the use of generators for residences has become common due to the interest by 
homeowners to ensure uninterrupted power supply. Such generators are normally placed outside 
residences and connected so that they provide home electricity within moments of a power outage. 
 
NFPA has had a standard for installation and use of combustion engines since the early 1900s and, in 
2010, issued the latest edition of NFPA 37, Standard for the Installation and Use of Stationary 
Combustion Engines and Gas Turbines [1]. This document contains the following requirement: 
 
“4.1.4 Engines Located Outdoors. Engines, and their weatherproof housings if provided, that are installed 
outdoors shall be located at least 1.5 m (5 ft) from openings in walls and at least 1.5 m (5 ft) from 



structures having combustible walls. A minimum separation shall not be required where the following 
conditions exist:  
(1)  The adjacent wall of the structure has a fire resistance rating of at least 1 hour. 
(2)*  The weatherproof enclosure is constructed of noncombustible materials and it has been 
demonstrated that a fire within the enclosure will not ignite combustible materials outside the enclosure.” 
 
Associated annex commentary: “A.4.1.4 (2)  Means of demonstrating compliance are by means of full-
scale fire tests or by calculation procedures, such as those given in NFPA 555, Guide on Methods for 
Evaluating Potential for Room Flashover [2].” 
 
A requirement that stationary generators be maintained in accordance with NFPA 37 is included in the 
Uniform Fire Code (NFPA 1[3]). Another requirement that permanently installed equipment powered by 
internal combustion engines be installed in accordance with NFPA 37 is included in the International 
Fuel Gas Code (IFGC [4[), which is, in turn, referenced by the International Fire Code [5]. 
 
It is very unusual in the USA for residential exterior walls to exhibit fire resistance ratings of 1 hour, since 
residences tend to have “combustible construction”. Moreover, homes are often very close to each other, 
so that a 1.5 m separation from both the home associated with the generator and the neighboring home 
constitutes a burden for the homeowner, who may not be able to install generators. However, the vague 
language results in generators being normally installed with separation distances of at least 1.5 m from 
homes. The fire safety will be a function of generator design and of the related materials of construction. 
 
 
EXPERIMENTAL 
 
Small scale material tests, using the cone calorimeter, ASTM E 1354 [6], are an excellent way of 
choosing materials that have low heat release and good fire performance. One goal is to try to minimize 
the use of materials that exceed the International Fire Code requirement for large waste containers placed 
within 1.5 m of combustible walls: that the materials exhibit a peak heat release rate not exceeding 300 
kW/m², when tested at an initial test heat flux of 50 kW/m², in the horizontal orientation. However, even 
for materials that comply with this goal, it is still necessary to ensure that fires will not ignite the wall. 
 
In one project, conducted at the Department of Fire Technology of the Southwest Research Institute, full 
scale tests were conducted to assess the potential for a fire originating inside a generator to ignite nearby 
combustible walls. The siding material with the poorest fire performance in use in the USA is 
polypropylene (PP) siding. Each test scenario involved a generator inside a three wall corner. The walls 
were of lumber and gypsum wallboard construction covered with sheets of thin non FR PP sheets, 
simulating the siding. Each wall was 2.44 m (8 ft) high and 1.83 m (6 ft) long. The walls were placed 0.3 
m (1 ft) from the generator. The entire assembly was set up directly under a 3 x 3 m (10 × 10 ft) 
calorimetry exhaust hood. During testing, the generator was placed under load by connecting it to a load 
bank, able to provide a 30 kW load. The generator exhaust was positioned such that the exhaust pointed 
towards the open side, in accordance with all manufacturers’ installation instructions. 
 
Generators have safety features that turn the engine off if a gas leak occurs; the maximum gas leak that 
allows generator operation without it turning off was used, so that the worst case scenario was considered. 
 
Instrumentation included 20 thermocouples, 4 placed inside the generator and 4 placed outside on each of 
the three walls and 4 on the open side. Additionally a heat flux gauge was placed facing the center of each 
generator side. Heat and smoke release from the tests were measured in the duct connected to the exhaust 
hood, with heat release by oxygen consumption calorimetry and smoke released with a white light 
source/detector, using the techniques described in ASTM E 2067 [7], commonly used for large scale tests.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Position of heat flux gauges and thermocouples on generator and polypropylene walls 
 
 
TESTS AND RESULTS 
 
A significant amount of summary data from all tests can be found in Table 1. All the generators used were 
gas-fed residential standby generators with two compartments: one for the engine and one for controls. 
The generators weighed 245 kg (540 lb), of which 13.7 kg (30.3 lb) were combustible materials. 
 
Test 1 - A natural gas generator was run continuously under high external load (50 A). The generator 
turned itself off after just over 34 minutes, due to overheating of the oil temperature (in view of the 
excessive load imposed), without any ignition occurring in the engine or on the wall. Temperatures and 
heat fluxes remained fairly steady and not unusually high. The peak heat release rate measured was 55 
kW and the total smoke released was 16 m². 
 
Test 2 – Unplanned test, where the natural gas generator was run while monitoring the oil temperature to 
determine the maximum external load that will not cause the generator to overheat and turn itself off. A 
thermocouple was installed on the oil dip stick, to monitor the oil temperature, in order to establish a 
suitable external load, that at steady state, would not cause the engine oil to reach a temperature that 
would activate the engine overheat feature, which shuts down the engine. The external load established 
was 19 A, and this load was used for the other tests. No ignition occurred in the engine or on the wall. 
Temperature and heat flux data were unremarkable. Heat and smoke release was not measured. 



Test 9 – This test was intended as a repeat of test 1, but with a propane generator. A propane generator 
was monitored while running for 45 min with a 19 A external load. After 45 min various trials were 
conducted increasing and decreasing the electrical load which caused the engine to start and stop. The test 
was terminated at 52 min. No ignition of any kind occurred. Temperature and heat flux data were 
unremarkable. The peak heat release rate measured was 32 kW and the total smoke released was 2 m². 

Figure 2 - Heat Release Rate of Tests 1 & 9, with Engine Running Normally, at High Load
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Test 3 – A natural gas generator was run under an external load of 19 A; natural gas was allowed to leak 
into the generator control compartment by diverting the gas line within the compartment, as close to the 
generator floor as practicable. The gas leak was the maximum gas leak (15 ft³/h; 1.2 x 10-4 m³/s) which 
would not activate the generator safety feature. After 3 min of the generator running with the gas leak, 
electric matches, which had been placed near the leak, were activated externally to attempt ignition.  The 
test was continued until all temperatures and heat fluxes were steady state. The test was terminated at 15.5 
min. No ignition occurred inside the engine or on the wall. Temperature and heat flux data were 
unremarkable. The peak heat release rate measured was 27 kW and the total smoke released was 3 m². 
 
Test 5 – This test was intended to simulate the accidental presence of external combustibles (such as 
leaves, branches, the unit manual and its associated bag, or others) which could have fallen inside the unit 
within the control compartment near the battery (which has a plastic casing). This was done by placing a 
plastic bag (with 40 sheets of standard white printer paper [8.5 x 11 in.; 216 x 279 mm] inside) on top of 
the battery casing, near the unit floor, inside the control compartment. The combustibles were ignited 
externally with an electric match. A natural gas generator was kept running for 15 min with a 19 A 
external load. After 15 min, an external natural gas leak source was directed into the control 
compartment, flowing once more at 15 ft³/h (1.2 x 10-4 m³/s). The gas leak was directed just above the 
battery, which is where the plastic bag had been placed The gas was ignited using electric matches and 
allowed to continue burning for 10 s. The generator was left on and under load for the entire test. Ignition 
of the gas occurred, which provided an ignition source for the plastic bag and paper sheets.  The data was 



monitored for 23 min to ensure steady state. Upon completion of the test, the plastic bag and paper sheets 
had suffered slight discoloration and charring in the area of flame impingement. No damage to the interior 
of the generator was observed. Temperature and heat flux data were unremarkable. The peak heat release 
rate measured was 33 kW and the total smoke released was 1 m². 
 
Test 6 - This test, like test 5, was intended to simulate the accidental presence of external combustibles 
(such as leaves, branches, the unit manual and its associated bag, or others) which could have fallen inside 
the unit or an electrical fault within the engine compartment near the electrical equipment and wiring. 
This was done by placing an identical plastic bag to the one used in test 5, also with 40 sheets of paper 
inside, by the electrical equipment near the unit floor, inside the engine compartment. A natural gas 
generator was kept running for 15 min with a 19 A external load. After 15 min, an external natural gas 
leak source was directed into the engine compartment, flowing once more at 15 ft³/h (1.2 x 10-4 m³/s). The 
gas leak was directed near the electrical equipment, which is where the plastic bag had been placed The 
gas was ignited using electric matches and allowed to continue burning for 10 s. The generator was left on 
and under load for the entire test. Ignition of the gas occurred, which provided an ignition source for the 
plastic bag and paper sheets. The data was monitored for 35 min to ensure steady state. Upon completion 
of the test, the plastic bag and paper sheets had been completely consumed and only ashes remained. 
Minimal discoloration but no significant burning was observed in the interior of the generator. 
Temperature and heat flux data were unremarkable. The peak heat release rate measured was 32 kW and 
the total smoke released was 30 m². 
 
Test 7 – This test was intended as a repeat of test 5, but with a propane generator. In view of the much 
longer extension of a propane flame compared to a natural gas flame, the gas flow rate was set at 2.5 ft³/h 
(2.0 x 10-5 m³/s).The combustibles were ignited externally with an electric match. A propane generator 
was kept running for 15 min with a 19 A external load. After 15 min, an external propane leak source was 
directed into the control compartment, flowing at 2.5 ft³/h (2.0 x 10-5 m³/s). The gas leak was directed just 
above the battery, which is where the plastic bag had been placed The gas was ignited using electric 
matches and allowed to continue burning for 10 s. The generator was left on and under load for the entire 
test. Ignition of the gas occurred, which provided an ignition source for the plastic bag and paper sheets.  
The data was monitored for 22 min to ensure steady state. Upon completion of the test, the plastic bag and 
paper sheets had suffered slight discoloration and charring in the area of flame impingement. No damage 
to the interior of the generator was observed. Temperature and heat flux data were unremarkable. The 
peak heat release rate measured was 32 kW and the total smoke released was 10 m². 
 
Test 8 – This test was intended as a repeat of test 6, but with a propane generator. Again, the propane gas 
flow rate was set at 2.5 ft³/h (2.0 x 10-5 m³/s).The combustibles were ignited externally with an electric 
match. An identical plastic bag to the one used in other tests, also with 40 sheets of paper inside, was 
placed by the electrical equipment near the unit floor, inside the engine compartment. A propane 
generator was kept running for 15 min with a 19 A external load. After 15 min, an external propane leak 
source was directed into the engine compartment, flowing at 2.5 ft³/h (2.0 x 10-5 m³/s). The gas leak was 
directed near the electrical equipment, which is where the plastic bag had been placed The gas was ignited 
using electric matches and allowed to continue burning for 10 s. The generator was left on and under load 
for the entire test. Ignition of the gas occurred, which provided an ignition source for the plastic bag and 
paper sheets. The data was monitored for 20 min to ensure steady state. Upon completion of the test, the 
plastic bag and paper sheets had been completely consumed and only ashes remained. Minimal 
discoloration but no significant burning was observed in the interior of the generator. Temperature and 
heat flux data were unremarkable. The peak heat release rate measured was 29 kW and the total smoke 
released was 1 m². 
 



 Figure 3 - Heat Release Rate of Tests 3, 5, 6, 7 & 8, With Engine Running at High Load and 
Various Ignition Sources Applied Within Generator
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Table 1 - Summary Data 
Test # Units 1 2 3 4 5 6 7 8 9 10 

Pk HRR kW/m2 55 ND 27 129 33 32 32 29 32 19 
time to Pk HRR s 153 ND 250 1,885 359 1,461 1,049 462 460 565 
THR MJ 89 ND 7 174 25 39 29 26 61 11 
Pk OD 1/m 0.01 0.01 0.00 1.01 0.00 0.02 0.00 0.00 0.00 0.03 
Time Pk OD s  2,337 450 0 1,957 84 1,379 1,547 268 190 2,375

Pk SRR m2/s 0.02 0.03 0.00 5.26 0.01 0.09 0.02 0.01 0.01 0.10 
Time Pk SRR s 2,337 450 0 1,957 84 1,379 1,547 268 190 2,375

TSR m2 16 15 0 3,658 1 30 10 1 2 74 

Pk Ht Flux Rear Wall kW/m2 0.2 0.2 0.1 20.5 * 0.0 0.2 0.1 0.1 0.1 0.2 

Pk Ht Flux Left Wall kW/m2 0.4 0.4 0.1 1.9 0.3 0.3 0.2 0.2 0.3 0.2 

Pk Ht Flux Right Wall kW/m2 0.4 0.4 0.0 3.6 0.2 0.2 0.2 0.2 0.2 0.2 

Pk Ht Flux Front kW/m2 4.8 2.1 1.1 1.9 1.7 1.9 1.5 1.5 1.5 1.0 
Pk Temp Rear Wall ºC 36 37 26 266 36 37 34 35 36 35 
Pk Temp Left Wall ºC 35 33 25 84 35 37 34 36 38 34 
Pk Temp Right Wall ºC 44 34 24 82 36 36 34 36 36 32 
Pk Temp Front ºC 129 72 56 58 65 68 63 58 64 52 
Pk Temp Generator ºC 147 106 98 896 585 207 463 171 120 181 

 
 
 



Test 4 - This test was started off as a replicate of test 3 (with the same gas leak, load and ignition source), 
but with the exception that it involved turning off the generator engine after 15 min of operation. The gas 
was then ignited, with the engine not running, with an external electric match, and allowed to continue 
burning until 34 min 50 s into the test. Ignition occurred within the engine and the fire was allowed to 
continue burning until the fire stopped. Enough heat was emitted to cause melting of the polypropylene 
sheet and some burning on the floor. However no ignition of the polypropylene sheet occurred and the 
test was terminated at 55 min, when the fire was virtually extinguished naturally. The peak heat release 
rate measured was 129 kW, the total heat released was 137 MJ, the total smoke released was 3,700 m² 
and the peak smoke release rate was 5.3m²/s. This was by far the most severe fire test conducted, as a 
consequence of turning off the engine and its fan, and yet it did not result in wall ignition. 
 
Test 10 – This test was intended as a repeat of test 4, but with a propane generator. In other words this 
was intended to be the most severe test with the propane generator because the engine was turned off after 
15 min. Again, the propane gas flow rate was set at 2.5 ft³/h (2.0 x 10-5 m³/s).The gas was ignited 
externally with an external electric match, with the engine not running, and allowed to continue burning 
for 55 min. Ignition occurred within the engine and the fire was allowed to continue burning until the test 
was terminated. Due to measurement of minimal temperatures within the generator, the gas flow was 
increased to 4.0 ft³/h (3.2 x 10-5 m³/s) air at 33 min and 30 s and to 6.0 ft³/h (4.7 x 10-5 m³/s) at 39 min.  
During this time, the gas supply to the generator was also left on. The heat generated by the gas flame was 
sufficient to cause melting of the plastic components within the generator but did not cause any steady 
ignition of generator combustibles and did not cause any ignition or melting of the polypropylene sheet 
walls. There was no burning on the floor. The test was terminated at 55 min. The peak heat release rate 
measured was 19 kW, the total heat released was 10 MJ, the total smoke released was 75 m² and the peak 
smoke release rate was 0.1m²/s. In spite of the higher severity of this test, as a consequence of turning off 
the engine and its fan, and yet it did not result in wall ignition. 

Figure 4 - Heat Release Rate of Tests With Stopped Engine & Ignition Source
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DISCUSSION 
 
 Figures 2-4, shown above, contained heat release rate data for all tests where this was measured, 
divided into three groups: Tests 1 and 9, normal operation of the generator with high load, are in Figure 2. 
Tests 3, 5, 6, 7 and 8, where various ignition sources were used, with the generator (and its fan) running, 
are in Figure 3, showing very low heat release rates. Tests 4 and 10, where the generator (and its fan) was 
stopped before ignition, are in Figure 4. 
 
In all tests the highest temperatures were measured inside the generator (see Table 1) and the second 
highest temperatures (and the highest heat fluxes) were measured at the “front”, meaning the side of the 
generator where the exhaust was pointing, which was not pointing to a wall. Generator manufacturer 
manuals (and legitimate installers) will always instruct the users to direct the engine exhaust away from 
any combustibles. With the exception of the test in which all the generator combustibles burnt, none of 
the heat flux levels to any wall reached 0.5 kW/m² and none of the temperatures exceeded 45ºC. In the 
test with excessively high loading (and where the engine stopped running) temperatures on the front (the 
exhaust side) reached 129ºC. Even in test 4 the back wall temperatures did not exceed 266ºC, which is not 
enough to ignite either wood or plastic siding.  
 
Figures 5 and 6 show the heat flux and temperature on the back wall for test 4 and the other temperatures 
for the same test. The temperatures at all walls were not high enough to cause ignition of any wall 
material. On the other hand it is possible that the heat flux levels at the back wall could have been high 
enough for ignition if they had been more uniformly distributed. The measurement location was very 
close to the place where the flames came out of the generator and reflected a localized heat flux only. 

Figure 5 - Heat Flux & Temperature Back Wall Test 4
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Figure 6 - Temperatures in Generator, Front & Side Walls - Test 4
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It is of interest to note that another project was conducted to investigate the flammability of residential 
electrical generators [7]. The objective of that project was to determine the worst case ignition/fire 
scenario for certain specific generators and to experimentally measure the ignitability of items outside the 
engine enclosure at various distances from the enclosure. Ignition sources were placed inside the 
generator enclosure and temperatures and heat fluxes were measured at distances ranging from 0.3 m (1 
ft) to 0.9 m (3 ft) from the enclosure. No gas leaks or external ignition sources were used and no walls 
were placed in the vicinity of the generators. However, the tests did not lead to high heat fluxes or 
temperatures and the most severe scenario was found to be the case where the engine was not operating.  
 
The generators tested in this project contained a minimal amount of combustibles, as stated above (less 
than 15 kg). Moreover, cone calorimeter tests had been used in advance to eliminate, or at least limit, both 
the amount of combustibles and their heat release rate. The average effective heat of combustion of the 
materials used in this generator was ca. 12.7 MJ/kg (as calculated from the total heat released in test 4 and 
the total mass of combustibles contained in the generator). In particular, the generators were placed on a 
pad (which is more or less an integral part of the generator unit) that is noncombustible. That represents a 
contrast with many other generators that are placed on polyolefin pads, which exhibit high heat release 
rates. The average effective heat of combustion of plastic materials can be as high as 50 MJ/kg and 
polyolefins tend to be on the high end of this range (often > 40 MJ/kg). This is an important consideration 
when investigating the safety of residential generators. 
 
 
 
 



CONCLUSIONS 
 
 The following conclusions can be drawn from this work: 
 

1. Electrical generators are capable of causing a significant fire, if most of the combustibles 
associated with them burn. 

2. Electrical generators usually include cooling fans, which are able to move enough air through 
the generator that many small ignition sources are extinguished before they become large 
fires. The generators investigated contained such cooling fans. 

3. If a small, internal or external, ignition source causes a fire within an electrical generator, 
while it is operating, there is a significant likelihood that the fire will not grow very large, due 
to the safety features normally included, especially the cooling fan.  

4. The most severe fire situation for an electrical generator is one in which the generator engine 
is operating for some time and then stops and an ignition source, external or internal, soon 
afterwards, with the engine hot, starts a fire inside the generator. 

5. The scenario in which the generators investigated in this work were placed represented an 
extremely severe fire scenario, for the following reasons: (1) non fire retarded polypropylene 
is the commercial siding material with the poorest fire performance in use, significantly less 
safe than poly(vinyl chloride) (PVC, vinyl) or wood; (2) the use of an alcove with three walls 
minimized the possibility of air currents cooling the generator once a fire has been 
established and (3) the use of high walls on three sides (significantly higher than the 
generator itself) ensured that cooling air currents were also not available from above the 
generator. 

6. With the generators investigated in this study, ignition sources representing small amounts of 
external combustibles were unable to cause any significant fire outside the generator. 

7. With the generators investigated in this study, ignition sources representing gas leaks inside 
the generator were unable to cause any significant fire outside the generator as long as the 
generator was operating. 

8. With the generators investigated in this study, a small gas leak inside the generator was able 
to cause a fire large enough to burn all the combustibles present. However, this occurred only 
in one of the two tests conducted with that scenario. 

9. With the generators investigated in this study, even when all the combustible materials burnt 
there was no ignition of the polypropylene wall material located 0.3 m from the generator. 

10. With the generators investigated in this study, none of the fire scenarios studied resulted in 
ignition of the polypropylene wall material. 

11. The generators investigated in this study can safely be used at a separation distance from a 
combustible wall much smaller than the 1.5 m that is required by NFPA 37. In fact, a 
separation distance of not less than 0.45 m from any one combustible wall would be 
reasonably safe for the generators investigated. The difference between the separation 
distance used in the studies (where other worst case conditions were used) and the 
recommended safe distance from a combustible wall is a reasonable safety margin. 

12. It is clear that the above conclusion is heavily dependent on two factors: (1) the fire 
performance of any combustible materials contained within the generator, and its pad, and (2) 
the design of the generator. 

13. No standardized test method exists for assessing whether a particular residential generator is 
able to be used safely at distances of less than 1.5 m. Such a standardized test needs to be 
developed. 

14. The use of some combustible materials is necessary for an electrical generator. Therefore 
such materials must exhibit high fire performance, for example low heat release rate as 
assessed by a cone calorimeter. 
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