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Fire is a good servant but a poor master 

Restaurant going up in smoke 
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Commercial Kitchen Fires 

The Commercial Kitchen Fire Problem 

Fires involving commercial cooking equipment are a significant part of the North American fire problem.  

The vast majority of accidental structural damaging fires over commercial cooking appliances are poor 

construction and installation and poor maintenance practices.  The Model Codes provide for construction and 

installation expectations that can withstand and extinguish a fire under the ventilation system.  The hard 

reality is because of inadequate construction clearances, maintenance of the extinguishing system and the 

ever-constant accumulation of grease vapor deposits commercial cooking areas remain a continuing fire 

problem.  This manual is an effort to reduce the number of, and extent of damages from this hazard. 

Canadian national statistics have not been compiled since 2002; however, in 2002 there were 832 fires 

reported in eating and drinking establishments causing $48.5 million dollars in damage and 42 injuries.
 1

 In 

the U.S., according to NFPA statistics for the years 2004-2008, an estimated average of 8,160 structure fires 

involving commercial cooking equipment or ventilation components were reported in these properties per 

year, causing an annual average of three civilian deaths, 100 civilian fire injuries, and $229 million in direct 

property damage.  Fifty-five percent of the structure fires in eating and drinking establishments began in the 

kitchen or cooking area; these fires caused 59% of the civilian injuries and 29% of the direct property 

damage.
2
  See Table: Structure Fires in Eating and Drinking Establishments by Area of Origin on page 12, 

and Table 2: Structure Fires in Eating and Drinking Establishments by Equipment Involved in Ignition on 

page 13, for more areas of origin and fire ignition detail.
3
 

Unreported Fires 

The only statistics that can be compiled, of course, are on fires reported to the fire department. But there are 

strong indications that (a) unreported fires actually dwarf the number of reported fires; and (b) that unreported 

fires are disproportionately likely to show up in kitchens. The majority of these are small nuisance fires which 

are successfully extinguished by individuals who do not subsequently feel a need to contact the fire 

department.  

A 1974 study in one US city found that only about 11% of the total fires were reported.
4
 A much larger, more 

recent study
5
 found that only 4% of the total fires were reported and that the majority (76.4%) of unreported 

fires took place in the kitchen.
6
  While these surveys on unreported fires focused on domestic premises, it is 

easy to see that the same concepts can apply to commercial kitchens. Fires tend to be unreported when the 

occupants can take effective suppression action (or fire may burn itself out) not requiring professional help. In 

a commercial kitchen, inviting the fire department to come in may not be good customer relations, thus, an 

additional disincentive exists for calling in the professionals when in-house staff are able to cope themselves. 

  

                                                           

1 These figures include eating and drinking establishments (Assembly and Mercantile occupancies as per the NBCC). The level of detail of data 

collected does not permit a determination of whether CKV (Commercial Kitchen Ventilation) systems were involved. Data is from the Canadian 

Council of Fire Marshals and Fire Commissioners.  http://www.ccfmfc.ca/stats/en/report_e_02.pdf  
2 Everts, Ben, Marty, US Structure Fires in Eating and Drinking Establishments, NFPA, November 2010.  
3 In the NFPA data tables, “Duct” is listed under Area of Origin; and “Grease hood or duct” is listed under cooking equipment fire causes.  The 

investigator is cautioned to consider what ignition source is actually available in the exhaust system per se.  Several of the authors experiences are 
that duct origins are very rare, and even then such as a fugitive ember from a solid fuel burning appliance; are likely associated with an ignition 

source such as an exhaust fan, which is a component of the exhaust system; or the origin could have been external (but in close proximity) to the 

duct.  For example, a flare-up from a deep fat fryer, which ignites grease in the exhaust system, should be coded as “Kitchen” under Area of Origin 
and “Deep Fryer” under Cause (Equipment Involved). 
4 Crossman, E. R. F. W., Zachary, W. B., and Pigman, W., FIRRST:  A Fire Risk and Readiness Study of Berkeley Households, 1974, Fire J. 71:1, 

67-73 (Jan.1977). 
5 1984 National Sample Survey of Unreported, Residential Fires (Contract No. C-83-1239), prepared for CPSC, Audits & Surveys, Princeton NJ 

(1985). 
6 Fires in the Home: findings of the 2001/2 British Crime Survey, Office of the Deputy Prime Minister, London (2004); Fires in the Home: findings 
of the 2003/4 British Crime Survey (2006); Fires in the Home: findings from the 2004/05 Survey of English Housing (2006). 

http://www.ccfmfc.ca/stats/en/report_e_02.pdf
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Although this manual will focus on Commercial Eating 

and Drinking Establishments, a commercial cooking fire 

in other occupancies can have an equally devastating 

effect. The leading cause (at 50%) of confined fires in 

medical, mental health and substance abuse facilities in 

the period 2003-2006 was due to cooking equipment.
7
  

The information in this manual will be equally effective 

in investigating fires in other occupancies. 

The commercial cooking equipment fire data can provide 

useful information for consideration in investigating and 

analyzing fires on this equipment including the 

development and testing of a fire causation hypothesis. 

Cooking By-Products 

As stated, grease vapor accumulation is one of the most 

serious hazards to a commercial cooking area.  Proper 

management of this hazard, a very achievable task, would 

greatly reduce the risk of more serious fires. 

During cooking, oils and fats change from a solid or semi-

solid state into a liquid form.  They then atomize and form 

grease laden vapors, or drain off in the form of altered 

oils.  These grease vapors contain water molecules in the 

form of steam, mixed with evaporated fats and oils.  

Particles of this mixture are called aerosols.  These 

aerosols are carried from the cooking surface into the 

hood by the negative pressure created by the ventilation 

system and thermal currents created by cooking 

appliances.  This generates a plume or rising cloud of 

grease and smoke. 

The higher the cooking surface temperature becomes, the 

more grease is transformed into a vapor state. As this 

vapor cools, it condenses or returns to a solid state 

(although chemically altered). This grease residue (altered 

oils) is combustible.  Its ignition temperatures are slightly 

below the average ignition temperature of the original 

cooking oil.  So, instead of exhausting the grease hazard, 

the exhaust system actually becomes a fire hazard. 

The combination of various appliances, different food 

products and the ways in which they are cooked will 

produce an array of grease residues. 

An inspector needs to encourage restaurant to fulfill their 

NFPA 96 responsibility to stay on a regular cleaning 

schedule, so that the buildup does not become too great. 

From a practical perspective, grease generation falls into 

two essential categories: stir-fry/deep-fry versus element 

cooked (i.e. broilers, grills, stovetops, etc.).  The 

following is a generally accepted chart that ranks cooking 

styles and grease accumulation, in order of volume.  

Average surface temperatures of these appliances are also 

listed.  

  

                                                           

7 Flynn, Jennifer, Structure Fires in Medical, Mental Health, and Substance Abuse Facilities, NFPA, February 2009.  

Plenum area of a hood.  The fire-extinguishing 

system link and nozzle are covered with grease from 

Asian cooking. 

Grease accumulation from gas char broiler 

(predominantly hamburger cooking) in  

a horizontal section of ducting 

Fire in a cheese melter 
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Grease Accumulation Severity 

Element Cooking: 

Severity Product Fuel Approximate Appliance 

Temperature 

1 Fish - especially salmon and 

halibut 

Mesquite charbroilers 816 - 1093C (1500 - 2000F) 

2 Steaks  beef, pork, lamb Mesquite charbroilers 816 - 1093C (1500 - 2000F) 

3 Hamburgers Mesquite charbroilers 816 - 1093C (1500 - 2000F) 

4 Steaks beef, pork, lamb Charbroiler 816C (1500F) 

5 Hamburgers Charbroiler 816C (1500F) 

6 Hamburgers On a grooved grill 260 - 316C (500 - 600F) 

7 Bacon / sausage On a flat grill 191C (375F) 

8 Other cooking Elec./gas ovens and steamers 99C (210F) 

 

Stir/Deep-Fried: 

Severity Product Fuel Approximate  

Appliance Temperature 

1 High tech fat fryers Gas 316C (600ºF) 

2 Breaded chicken or fish Gas 191C (375F) 

3 Asian wok Gas 260C (500F) 

4 Frozen French fries or pies Gas 191C (375F) 
Charts courtesy of R. J. Reynolds, Inc. 8 

Also see NFPA 96, Table 11.4 Schedule of Inspection for Grease Buildup. 

 

Solid Fuel Cooked/Charbroiler Grease 

Solid fuel is normally used to cook/charbroil various kinds of meat, 

including beef steaks, burgers and fish.  Charbroiling meats creates 

high volumes of grease.  Solid fuel poses the additional problem of 

ash that mixes with the grease from the meat to create unusually large 

volumes of buildup.   

Initially, a dry but adhesive stain of grease (like a nicotine stain) 

forms directly against the metal surface. On top of this staining, 

layers of thick, heavy, black carbon will build up. It is not unusual to 

encounter accumulations of grease 19 mm to 25.4 mm thick (3/4 in. 

to 1 in.) on vertical surfaces and along the inside top of horizontal 

ducting.  Where systems are not regularly cleaned, as much as 7.5 cm 

(3 in.) of grease can accumulate on the bottom of horizontal duct 

sections. 

 

 

 

 

 

 

 

  

                                                           

8 With increased accumulation of grease (fuel) comes the potential for increased intensity of a fire within the exhaust system. 

Looking into a duct opening found in the 

suspended ceiling.  The access panel is 

on the right.  Primary accumulation of 

gas charbroiler. 

Examples of grease created by solid fuel charbroiler cooking 
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Deep Fryer Grease 

Deep frying creates grease that is very much like translucent creosote.  When there is a large amount of water 

in the foods cooked, as in the case of frozen food, the buildup can have an almost shiny appearance. It is as 

hard as multiple layers of shellac.  

High volume grease-producing foods include: potatoes (starch), sugar based foods (i.e. pies and turnovers, 

sugar = carbon) and frozen products (ice = moisture).  Fresh breaded foods such as battered chicken or fish 

can create large volumes of rather soft (flour filled) grease.  

    

 

 

 

 

 

 

 

 

 

Wok Grease 

The nature of wok cooking creates grease that is a very sticky, syrup-like liquid, having a consistency between 

honey and molasses. Once this grease residue has set on a metal surface for some time and has been exposed 

to temperature changes, it becomes extremely adhesive, with a flexible caramel-like consistency.  The surface 

tension cannot be broken by normal scraping or with general purpose cleaning chemicals.  After a further 

length of time it becomes dry and hard, similar to tar.  This type of grease can readily plug up the pull cable of 

the fire-extinguishing system.  

 

 

 

 

 

 

 

 

 

Grease Buildup on Fire-Extinguishing Systems 

One of the primary causes of fire-extinguishing system malfunction is grease buildup.  Even if the fire-

extinguishing system is installed correctly, it will not function properly if there is sufficient grease buildup.  

These systems must function under severe circumstances.  The following pictures are examples of the grease 

load that these systems can accumulate if not properly maintained.  The kitchen staff must keep an eye on the 

grease buildup on the fire-extinguishing system; if it is impacted the service company needs to be called. 

  

Grease leaking out of a faulty valve  

under a deep fryer 

Grease, created by deep fryer cooking,  

dripping off a fire suppression nozzle 

Examples of grease created by wok style cooking 
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How Kitchen Fires Can Start/Spread 

In order for grease buildup to be ignited within exhaust systems, the accumulated grease needs to be 

transformed to a gaseous or vapor state.   When these vapors are present in sufficient quantity, they form a 

combustible mixture.  For the vapors to reach autoignition temperature
9
, the heat source must have sufficient 

temperature and heat energy to be transferred to the fuel.   

In a generalized scenario, some abnormal event will take place on a cooking surface (where excessive heat 

and flames are present) to create a flare-up.  The most common source of a flare-up is the ignition of cooking 

oil vapors that come in contact with flames or excess heat.  This flare-up produces high reaching flames that 

contact and/or quickly heat the hood and filters.  If the flare-up is intense enough or sustained over a sufficient 

period of time (approximately 2 minutes
10

) the flame impingement can ignite residual grease accumulations 

commonly found in the hood/duct area. 

                                                           

9 The lowest temperature at which a combustible material ignites in air without a spark or flame. (NFPA 921, Definitions) 
10 UL 300 test format allows for a 120 second pre-burn before the suppression system activates, imitating real world situations. 

A comparison of block of grease on left to what is 

under the grease on right.  This was the duct protection 

above a charbroiler.  This picture was taken just after 

the fire-extinguishing system was allegedly serviced. 

A completely impacted extinguishing system  

in the plenum of an oriental kitchen.   

Courtesy of Bryan’s Exhaust Cleaning. 

Grease has completely encased the detection and distribution components. Additionally, this 

system is improperly installed.  The nozzle location will interfere with the ability of the fusible 

link to detect heat rise. 
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Fundamentally, fire spread in a kitchen exhaust system is twofold. 

 First the ignition of the grease accumulation within 

the exhaust system because of the availability of 

combustible grease 

 Second the ignition of combustible materials 

(generally wood building materials or cardboard 

storage containers) that are too close to the radiant 

heat energy being emitted from the metal exhaust 

duct 

In the first case, oxygen (oxidant) in the exhaust system is 

always present.  When the heat from a flare-up (high 

temperature) on the appliances below (source of ignition) 

sufficiently heats the combustible grease residues within the 

exhaust system to the point of evaporation ignition will take 

place (point of ignition). 

A duct grease fire will react to a number of variables that will affect the fire’s intensity and sustainability.  

High air velocity from the exhaust fan can either feed the fire or literally “blow the fire out.”  The consistency 

(carbon/oil content/moisture) and volume of grease residues will vary; lack of continued flame impingement 

from the original fire on the appliance will deny the grease fire sufficient energy to maintain sustainability. 

If the three components of the fire triangle
11

 are present, the fire will continue and in most cases intensify 

because of the abundance of fuel (grease) that is above the fire within the duct and the energy of the fan and 

thermal plume of the fire naturally pulling it up toward the roof. 

See the Fire Science Chapter for a more in-depth understanding of the properties of fire. 

As this initial duct fire continues toward the fan, the metal of the duct will become heated.  This heat will 

radiate into the combustible wood and other structures of the building.  It is not unusual for secondary fires to 

start in the combustible materials in close proximity of the duct. 

There are numerous variables that will affect the timing, intensity and spread of the secondary fire.  

Where Fires Start 

In normal commercial cooking operations, the exhaust fan 

draws room air cooking appliance combustion effluent and 

cooking appliances produced grease laden-vapors through the 

filters and into the hood and duct.  This grease vapor 

condenses with the resultant residue deposits being deposited 

on the exposed surfaces throughout the system.  An appliance 

malfunction or human error creates sustained flare-ups.  The 

impinging heat (flames) can have sufficient energy to ignite 

the grease residues on the filters and hood. 

Once ignition takes place, several factors will determine 

whether combustion continues.  Fuel and oxygen are usually 

the key factors.  If there is sufficient fuel, air movement 

provided by the fan will supply all the oxygen necessary.  

Therefore, it is the abundance of fuel (grease) that most often 

increases the severity of a fire and creates the radiant heat that 

may ignite building structures. 

  

                                                           

11 For our purposes the common fire triangle is adequate.  This author agrees with Vytenis Babrauskas where he states: “The present author does not 

think it is a useful idea to teach the fire tetrahedron.” Note on page 7, Babrauskas, V., Ignition Handbook, Fire Science Publishers/Society of Fire 
Protection Engineers, Issaquah WA (2003). 
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Table 1: Structure Fires in Eating and Drinking Establishments By Area of Origin 

2004-2008 Annual Average 

 Fires Property Damage 

(in Millions) 

Kitchen or cooking area 4,520 $67 

Confined chimney or flue fire 260 $1 

Exterior roof surface  250 $3 

Exterior wall surface 250 $6 

Lavatory, locker room or cloakroom  240 $3 

Unclassified outside area 180 $3 

Unclassified equipment or service area 180 $5 

Attic or ceiling/roof assembly or concealed space 150 $16 

Wall assembly or concealed space  140 $5 

Heating equipment room  140 $2 

Dining room 130 $8 

Unclassified area of origin 120 $4 

Other known area of origin  1,600 $105 

Total 8,160 $229 

Notes: 1. Unknown-Cause fires Allocated Proportionally.  

2. Fires are expressed to the nearest hundred and property damage is rounded to the nearest hundred thousand dollars.  Sums may not 

equal totals due to rounding errors. 

Source: National estimates based on NFIRS and NFPA survey.  NFPA U.S. Eating and Drinking Establishment Fires, November, 2010. 

 

Table 2: Structure Fires in Eating and Drinking Establishments by Equipment Involved in Ignition,  

2004-2008 Annual Averages 

Cause Fires  Property Damage 

(in Millions) 

 

Cooking equipment 4,380 54% $86 38% 

 Deep fryer 1,950  $28  

       Range with or without oven, cooking surface 840  $28  

       Grill, hibachi, barbeque 520  $4  

 Oven, rotisserie  350  $5  

 Portable cooking or warming unit  270  $10  

 Grease hood or duct 140  $9  

 Steam table, warming drawer/table 60  $2  

       Unclassified or unknown equipment 240  $0  

       No equipment involved 1,100  $60  

Heating equipment 830 10% $20 9% 

Electrical distribution or lighting equipment 620 8% $30 13% 

Contained trash or rubbish fire 460 6% $0 0% 

Other equipment 530 7% $22 11% 

Other non-confined fire 210 3% $10 5% 

Other confined fire 30 0% $0 0% 

Total 8,160 100.0% $229 100.0% 

Notes: 1. Unknown-Cause fires Allocated Proportionally.  

2. Fires are expressed to the nearest hundred and property damage 

is rounded to the nearest hundred thousand dollars.  Sums may 

not equal totals due to rounding errors. 

3. Confined fires include confined cooking fires, confined 

chimney or flue fires, confined trash fires, confined fuel burner or 

boiler fires, confined commercial compactor fires, and confined 
incinerator fires. Losses are generally minimal in these fires, 

which by definition, are assumed to have been limited to the 

object of origin. Although causal data is not required for these 
fires, it is sometimes present. 


