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Preface 
 
This thesis is about the fire risks involving buses powered by gaseous fuel, and it is 
my final work to receive a Bachelor of Science in Fire Protection Engineering at 
Luleå University of Technology (LTU). The work corresponds to 15 ETCS (European 
Credit Transfer System). 
 
During my work, I learned a lot about gas buses in general, as well as detailed 
information about security devices and their function in high-pressure systems. It also 
helped me to receive a better understanding of in what areas more research is needed, 
and which organizations that would benefit from learning more about the actual risks 
with these type of systems. 
 
I would like to express my gratitude to Jonas Brandt, who helped me all the way 
through this project and provided both motivation and excellent reference material. I 
would also like to thank Ulf Wickström for his help during the final work with the 
report at SP in Borås, as well as the employees at the department of fire technology at 
SP for their helpful and inspiring attitude. 
 
Borås, December 2012  
 
Victor Bjälke 
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Abstract 
 
The purpose of this report is to clarify the risks with CNG buses and how these risks 
could be approached to avoid unfortunate incidents. 
 
The risks involved in driving with compressed natural gas as fuel are different 
compared to diesel and ethanol fuelled buses, and it is important for everyone 
involved to recognize these differences for a safer environment. It is not within the 
frame of this report to decide whether CNG or diesel is the more safe type of fuel, but 
the need to distinguish the risks is great. 
 
At present, there is a large increase in the number of gas buses in Sweden, and there 
are plans for even bigger increases in the Swedish urban areas. The city of Stockholm, 
Gothenburg and the overall region of Skåne increase their numbers of gas buses 
rapidly and there is no declining trend. 
 
Finally, there is a general need for more information about CNG on all levels in 
organizations working with these types of buses today, since increased knowledge 
means increased safety. 
 
Keywords: CNG, bus, fire risk, bus fire, gaseous fuel 
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Sammanfattning 
 
Idag är ökningen av antalet gasbussar stor och det finns planer på fortsatt stora 
ökningar i städer runt om i Sverige. I Stockholm, Göteborg och generellt i Skåne-
regionen ökar antalet gasbussar snabbast, och inget tyder på att denna ökning kommer 
att minska. 
 
Syftet med denna rapport är att klargöra vilka risker CNG-bussar medför och hur 
dessa risker ska bemötas för att undvika framtida tillbud. 
 
Riskerna involverade i användningen av CNG som bränsle är annorlunda jämfört med 
diesel- och etanolbussar, och det är viktigt att alla inblandade inser dessa skillnader 
för ett säkrare samhälle. Det går utanför rapportens ramar att bedöma om CNG eller 
diesel är säkrast, men behovet av att identifiera riskerna är stort. 
 
Slutligen finns det ett generellt behov av mer information om CNG på alla nivåer i 
organisationer som jobbar med denna typ av bränsle idag, då ökad förståelse och 
kunskap medför ökad säkerhet. 
 
Nyckelord: CNG, buss, brandrisk, bussbrand, gasformiga bränslen  
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Nomenclature 
 
BLEVE – boiling liquid expanding vapour explosion 
 
CNG – compressed natural gas 
 
Gas – Refers to a substance in its gaseous form, not intended as the American 
shortening of gasoline 
 
LEL – lower explosion limit 
 
LFL – lower flammable limit 
 
LNG –liquefied natural gas 
 
LPG –liquefied petrol gas 
 
PRD – Pressure relief device 
 
REM – Biodiesel / Rapeseed methyl ester 
 
UEL – upper explosion limit 
 
UFL – upper flammable limit 
 
Note: The schematic figures in the report on bus engine parts are used with kind 
permission from the manufacturer  
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1 Preamble 

1.1 Introduction 
In February 2012 there was an accident in Helsingborg involving two CNG buses, 
which seemed quite harmless, but evolved to a full-scale fire within a few minutes 
which completely destroyed both buses. Luckily, there were no personal injuries but 
the fact that a low-speed collision caused two entire buses to flashover in such a short 
period of time raises questions about how safe a CNG bus really is and what can be 
done to prevent this from happening again.  
 
Nowadays, there is a need for information about fire risks related to the use of gas-
powered buses in today's society. The need lies in a source of information where an 
overview of available information has been made, written for both people who 
occasionally may be involved with fire risks associated with gas-powered buses and 
people in need for more detailed information, like fire fighters, fire protection 
engineers and transport authorities. There is also a need for information on how a gas 
bus works in comparison to other types of buses, particularly since the fuel source is 
completely different and entails other risks compared to more conventional fuels. 
 
Increased knowledge in the field of gas buses contributes to a better understanding of 
the risks if an accident occurs, and what it is that can be done to prevent serious 
consequences. There are important aspects about an accident involving a gas bus that 
can potentially save lives in a rescue operation, both of passengers and rescue 
personnel. 
 
This report aims to summarize available information in an educational way to clarify 
the risks, but also show the environmental potential, of the industry that gains more 
ground on the Swedish market every day. 

1.2 Objectives 
The objective is to, in an educational and clear way, present the information available 
today about buses powered by gaseous fuel and to discuss the possible risks with 
gases and pressurized systems. 

1.3 Limitations 
This thesis will only focus on buses in Sweden and concentrates on technical details 
in buses. 
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2 General information about buses using gaseous fuel 

2.1 Buses in Sweden as of today 
The Swedish urban public transport systems almost exclusively use gas buses in 
urban areas; the highway traffic consists of diesel-powered buses  
 
The probable main cause for this is the renewable characteristics of the fuel used and 
the environmental aspects, since bio- and natural gas is thought to be a better option 
concerning the environment than diesel. The range of a gas bus is, however, a reason 
for not using them in intercity traffic. There is a bigger need for refueling than desired 
when used for long distances. 
 
Another probability may be that there is often a political decision to take into account 
when bus companies decide to upgrade the fleet, the individual bus companies do not 
always encourage a transition to gas buses. These types of decisions come from 
municipal government, which regulates the environmental effort required for this type 
of company. 

2.2 Different types of buses 
There are currently a number of bus manufacturers on the international market. In the 
Swedish market Scania, Volvo, Mercedes and MAN are the biggest manufacturers.  
Table 1 shows the number of buses in traffic based on its vehicle brand(Svenska 
bussbranschens riksförbund, 2012). Only the ten largest manufacturers are reported. 
The fuel type varies depending on what type of traffic the different types of buses are 
used for; hybrids, gas buses, ethanol- and diesel-fuelled buses. Figure 1 shows the 
overall usage of the different fuel types in Sweden; note that one bus out of ten 
already is fuelled by compressed natural gas, CNG. Figure 2 shows the distribution 
between the renewable fuel types. The current trend is that the number of CNG buses 
has doubled in three years, 2008-2011(Svenska bussbranschens riksförbund, 2012). 
 

Table 1 The number of buses in traffic based on its vehicle brand, 2011 

Manufacturer Number of buses 
Volvo 4695 
Scania 2529 
Mercedes-Benz 2182 
MAN 1323 
Setra 467 
Neoplan 403 
Solaris 266 
Iveco 244 
Ford 228 
Renault 180 
Total 12517 



 

 

Figure 1. Buses in traffic depending on 
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2.2.1 Future investments of bus companies in Sweden 
Current bus operators in the region of Skåne, the city of Stockholm and the city of 
Gothenburg show increasing trends in usage of gas buses. Malmö is launching a 
project called the “Superbus” (Busstidningen.se, 2012) in 2014, using hybrid CNG 
buses with a capacity of 150 passengers to reduce environmental impact.  
 
A new vehicle technology competing with gas fuelled buses is for example diesel-
hybrid buses. On-going general investments in Sweden are also made to purchase 
such buses (Svenska bussbranschens riksförbund, 2012). 

2.3 Technical information about buses 

2.3.1 Security devices 
A gas system uses several safety devices. An overview of a typical system from a 
manufacturer is shown in Figure 3. Please note that other types of constructions also 
are available. The numbers in the text below refers to Figure 3. When fuelling a gas 
bus (1) there is no manual tap that needs to be opened. Two non-return valves (2) 
mounted directly after one another makes sure no return flow occurs when the 
refueling is done. The solenoids (5), one on each gas bottle (3), serves as non-return 
valves as well when the engine is powered down. Each gas bottle has a cylinder valve 
(5) and each valve contains, besides the electric solenoid, an excess flow valve in 
form of a spring-loaded cone, a manual shut-off valve and two thermal fuse valves. 
The thermal fuse valves are mounted directly to the bottle inlet (5) and another 
thermal fuse valve is mounted on the opposite side of the bottle, the plugged side (4). 
 
The pipeline to the engine is fitted with a manual shut-off valve (6) and two filters (7), 
(A) before the gas reaches the pressure regulator. 
 
The pressure regulator consists of a tank pressure gauge (C), a solenoid (B), a safety 
valve (E) and two control valves (not seen in the figure). Due to the risk of ice build-
up when the gas pressure drops, the control valve is connected to the engine cooling 
system through a heating coil. The control valve is connected to an evacuation hose 
and in case of a gas evacuation due to high pressure the gas flows out from beneath 
the body. The pressure regulator marks the end of the high-pressure system, reducing 
pressure from 200-250 bar to around 9-10 bar. 
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Figure 3. Overview over the system of gas transport 

1. Filling valve 4. Thermal fuse 7. Fine filter 

2. Non-return valve 5. Cylinder valve, solenoid and 
thermal fuse 

8. Controller unit 

3. High pressure cylinders 6. Manual shut-off valve  

 
A. Filter C. Tank pressure gauge E. Safety valve 

B. Solenoid D. Pressure regulator, step 1 F. Pressure regulator, step 2 
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2.3.3 Classification and regulation concerning security devices 
There is a special section in Regulation 110 published by UNECE (United Nations 
Economic Commission for Europe) that regulates the safety concern working with 
CNG. In order to maintain a clear structure in the regulations following definitions 
and classifications have been made: 

- Class 0 - High pressure parts including tubes and fittings containing CNG at a 
pressure higher than 30 bar and up to 260 bar. 

- Class 1 - Medium pressure parts including tubes and fittings containing CNG 
at a pressure higher than 4,5 bar and up to 30 bar. 

- Class 2 - Low pressure parts including tubes and fittings containing CNG at a 
pressure higher than 0,2 bar and up to 4,5 bar. 

- Class 3 - Medium pressure parts as safety valves or protected by safety valve 
including tubes and fittings containing CNG at a pressure higher than 4,5 bar 
and up to 30 bar. 

- Class 4 - Parts in contact with gas subject to the pressure lower than 0,20 bar. 

A component can consist of several parts, each part classified in its own class with 
regard to maximum working pressure and function. CNG components for use in 
vehicles shall be classified with regard to the working pressure and function, 
according to Figure 4.  



 

 

Figure 4. Flow chart for CNG components classification

Concerning the component classification the high
flow from the fuel nipple to the pressure regulator where the work pressure is 200 bar, 
and therefore this part of the system is class 0. The reduced working pressure is less 
than 10 bar and the components used after the pressure regulator will be classified as 
class 1 – 4 according to the regulation flow chart presented in 
 

for CNG components classification 

Concerning the component classification the high-pressure system defines the gas 
flow from the fuel nipple to the pressure regulator where the work pressure is 200 bar, 
and therefore this part of the system is class 0. The reduced working pressure is less 
than 10 bar and the components used after the pressure regulator will be classified as 

4 according to the regulation flow chart presented in Figure 4.
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2.4 Detailed description of security devices 
The following information is an example of how security devices can be constructed. 
One bus manufacturer provides this information, and it should be kept in mind that 
other types of constructions are also available and are depending on the actual bus 
model. 

Valves 

2.4.1.1 Cylinder valve 
 

 
Figure 5. Cylinder valve 

1. Stopcock 3. Solenoid 
2. Thermal fuse 4. Excess flow valve 
 
The cylinder valve in Figure 5 is mounted on each gas tank for safety reasons. It 
consists of three individual valves and fuses protecting against several different 
scenarios, such as fire, pressure build up and pressure drop in the gas system. 
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2.4.1.2 Solenoid 

 
Figure 6. Solenoid 

1. Magnet coil 
2. Movable core 
3. Return spring 
 
Figure 86 shows the solenoid, which is connected to the electrical system and the 
engine and allows gas to flow when the ignition is switched on. When refueling, the 
pressure alone opens up the valve hence the engine ignition does not need to be 
switched on and when the engine ignition is switched off during a refueling the valve 
serves as a non-return valve. The magnet coil (1) and the movable core (2) lift the 
valve needle and two return springs (3) ensures that the needle returns to its closed 
position when the magnet coil is dead. 
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2.4.1.3 Excess flow valve 

 
Figure 7. Excess flow valve 

1. Spring loaded cone Position A, open. 
2. Spring Position B, closed. 
3. Seating  
 
Figure 7 shows the excess flow valve which automatically shut off the gas flow at an 
excessive pressure drop in the gas pipeline. The pressure drop must exceed the drop 
that occurs in normal operation during maximum gas consumption. If the gas flow 
should be too high the tank pressure exceeds the spring pressure and the cone is 
pressed against the seating, allowing no further flow. A small amount of gas is 
allowed to trickle through a small hole on top of the cone for the valve to be able to 
restore itself when normal pressure is restored, but this flow does not suffice to drive 
the bus.  
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2.4.3 Fuses 

2.4.3.1 Thermal fuse 

 
Figure 8. Thermal fuse 

Position A, open. Position B, closed. 
 
1. Plastic plug 2. Valve piston 
3. Outlet 4. Sintered plug 
 
Every gas tank is protected from explosions caused by overheating. The function of 
the thermal fuse, shown in Figure 8, is to evacuate the gas if overheating should 
occur. Two thermal fuses is mounted directly do the tank inlet and another one on the 
plugged end of the tank. If the temperature exceeds 110 degrees Celsius (the 
temperatures may differ depending on what type of fuses there are used) the plastic 
plug (1) in the fuse will melt and the valve piston (2) will be forced down by the gas 
pressure, allowing the gas to evacuate through the outlet (3).  
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2.4.4 Pressure regulator 

 
Figure 9. Pressure regulator 

 
 
1. Control valve 3. Tank pressure gauge 5. Coupling piece 
2. Solenoid 4. Safety valve 6. Filter 
 
A. Inlet from gas tanks C-D. Coolant inlet/outlet 
B. Outlet from regulator E. Outlet from safety valve 
 
The pressure regulator, shown in Figure 9, lowers the pressure in two steps to a 
constant work pressure of about 95 bar. A built in heating coil (C-D) prevents the 
build-up of ice due to the pressure drop. A solenoid (2) is connected to the engine 
ignition and opens up for tank pressure as the engine ignition is switched on. A safety 
valve (4) between the two steps of the pressure regulator measures the pressure after 
the first pressure drop and evacuates the gas if the pressure should exceed 26 bar. 
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2.4.4.1 Control valves 

 
Figure 10. Control valves 

1-2. Control valves 5. Membrane 8. Valve cone 
3. Membrane 6. Valve piston 
4. Valve piston 7. Valve cone 
 
A. Inlet from gas tanks C-D. Coolant inlet/outlet 
B. Outlet from regulator 
 
The pressure regulator in Figure 10 uses two control valves (1, 2). The first step 
lowers the tank pressure (A) to approximately 20 bar. This pressure is lead through 
the second step and the final pressure of approximately 9,5 bar flows out at the outlet 
(B).  
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2.4.6 Fuel tanks/bottles 
Gas bottles are most commonly made of steel or aluminum/composite materials, such 
as carbon fiber or fiberglass. The material of choice depends of what type of gas that 
is stored, desired weight ratio and accepted cost. For example is hydrogen gas more 
difficult to store since the H2 molecule is very small and will penetrate through less 
dense materials.  
 
Concerning CNG, the distribution between steel and aluminum/composite tanks is 
basically equal (Hernblad, 2012). 
 
The following model in Figure 11 is an example of how the components can be 
constructed. It should be kept in mind that other types of constructions are also 
available.

 
Figure 11. Gas tank mounting 

1. Steel flange 2. Consoles 
 
In this example the gas tanks are made of carbon fiber covered aluminum to withstand 
high pressure but still maintain a low weight. Every tank is pressure tested with a 
pressure of 260-300 bar depending on work pressure, and every tank has the date of 
the test printed on a sticker that is attached to the tank. The tanks are mounted to the 
frame on the roof of the bus by the steel flanges (1) that are attached to the tanks on 
the gable ends. 
 
During the tests of the gas tanks fire resistance tests is also made. This will show how 
the thermal fuses etc. behave in an intense fire. The test method has, however, been 
questioned (Lönnermark, 2010). When testing a gas tank the whole tank is heated at 
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the same time, see Figure 12, but no concern is taken in the matter of jet flames which 
might be more severe. This is why the method is questioned. 
 

 
Figure 12. Principal figure of fire testing (Lönnermark, 2010) 

The thermal fuses trigger typically at 110 or 124 degrees Celsius, but if it is a jet 
flame that is heating the tank there are no experiments that show that the thermal fuse 
is triggered (Lönnermark, 2010). The problem with this type of heating is the high 
temperatures focused on one point, weakening the material which makes the tank 
prone to rupture before the thermal fuse is triggered. This can possibly lead to a tank 
explosion, which, especially during a fire, can cause severe damage to the bus and 
pose a big risk for the passengers and people in the proximity of the bus. Such jet 
flame may occur if, for example, a bus parked next to another bus that catches fire 
and its thermal fuse triggers. Another possibility is that the roof of a bus collapses and 
one of the bottles fall down into the bus, and directs the evacuated gas towards 
another bottle instead of away from the bus. 

2.5 Placement of fuel tanks 
The placement of gas tanks differs depending on what type of traffic the bus is used 
for. Low-floor buses used in urban areas do not have enough room between the base 
of the bus and the floor, so naturally the gas bottles are placed on the roof. One 
problem with this type of weight distribution is the rollover threshold; if the centre of 
gravity is too high the bus will not pass the UN/ECE Regulation 66. Since gas buses 
in Sweden are only used in urban areas, all gas buses running in Sweden have gas 
tanks installed on the roof.  
 
Another reason for using low-floor buses is the limited height in tunnels (Hernblad, 
2012). In Stockholm, Malmö and Gothenburg there are bridges and tunnels 
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constructed with a free height of 320 cm, and the standard type of bus height is 
between 300-320 cm, leaving no room for gas bottles on top of the buses.  
 
Low floored buses are used as they are easier and more comfortable for passengers to 
step into and out from, as well as easier get on and off for people in wheelchairs and 
people using walkers or travelling with stroller. 
 
Another factor to consider is that natural gas is lighter than air, making it rise if leaks 
occur. This is a big advantage concerning the safety of the passengers since the gas is 
more unlikely to ignite if it is transported away from any ignition source in the 
proximity of the bus. 

2.6 Other security devices 

2.6.1 Automatic fire extinguishing system 
Most fires in buses start in the engine compartment (Svenska bussbranschens 
riksförbund, 2012). From the late 90s and onwards there have been an increased rate 
of incidents, partly depending on the engines being more surrounded by insulation to 
reduce noise than before. To insure a bus against fire there are requirements, such as 
automatic fire extinguishing systems in the engine compartment, set up by insurance 
companies (Svenska bussbranschens riksförbund, 2012). These systems is designed to 
inhibit or extinguish fires by using different extinguish agents (Brandt, 2011). The 
agents used are: 

- Foam 
- Powder 
- Water 
- Gases 
- Aerosols 

The systems include different types of thermal detectors. Some detect heat (high 
temperature) if a fire occurs, infrared flame detection systems are also used in engine 
compartments, but less common. The detectors send a signal to the extinguish system 
that releases the agent. 

2.6.2 Gas leak detection systems 
There are several models of gas leak detection system on the market. Below is an 
example of how such a system works: The system utilizes a temperature compensated 
metal-oxide sensing element which generates a gas leak signal if CNG, LNG or LPG 
is detected the sensor uses two preset detection thresholds to assess the seriousness of 
the situation. This type of sensor can be mounted in the engine compartment, on the 
roof or in the passenger compartment of the vehicle (Kidde Technologies). 
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2.7 Differences between gas- and diesel fuelled buses 
If a minor diesel leakage occurs a pool fire might develop. If a minor gas leakage 
occurs chances are a good that the gas will simply be ventilated to the atmosphere by 
the motor-fan or by natural ventilation caused by the bus driving.  



 

 

3 Different types of gases

3.1.1 CNG – Compressed natural gas
CNG (Energigas Sverige, 2011)
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- Almost no emissions of sulphur dioxide, heavy metals or hydrocarbons
- No emissions of soot and dust
- Lower emissions of 
- Lower emissions of greenhouse gases than oil and coal

 
One downside with CNG is the increased ne
LNG. As shown in Figure 
approximately 92% of its content is methane gas.
  

Figure 13. Natural gas depending on type of gas

3.1.1.1 Biogas 
Similar to natural gas, biogas 
methane. In contrast to natural gas, 
biomass. Its characteristics are similar to CNG with the big diff
the production process. Biogas is available in liquid form (at 
transport and storage. Widespread use of biogas would probably be a positive factor 
for the environment but a lot of this progress is depending on 
from the Swedish government, as of today the 
(Steinwig, 2012). Biogas (Svenskt Gastekniskt Center, 2011)

Methane

Ethane

Propane, Butane

Hydrocarbon

Carbon dioxide

Nitrogen

4,7%

1,8%

1,1%

0,5%

0,3%

Different types of gases used as fuel 

Compressed natural gas 
(Energigas Sverige, 2011) is a flexible and effective type of energy that allows 

many different applications. Positive aspects of CNG are: 

Almost no emissions of sulphur dioxide, heavy metals or hydrocarbons
soot and dust 

Lower emissions of nitric oxides than oil or coal 
Lower emissions of greenhouse gases than oil and coal 

with CNG is the increased need for storage space in compar
Figure 13, natural gas contains several different gases

approximately 92% of its content is methane gas. 

. Natural gas depending on type of gas 

biogas (Energigas Sverige, 2012) is gas consisting of mainly 
. In contrast to natural gas, biogas is manufactured from decomposing 

biomass. Its characteristics are similar to CNG with the big difference depending on
the production process. Biogas is available in liquid form (at -162 degrees Celsius) for 
transport and storage. Widespread use of biogas would probably be a positive factor 
for the environment but a lot of this progress is depending on support and incentives 
from the Swedish government, as of today the commercial viability is too 

(Svenskt Gastekniskt Center, 2011) used in vehicles is 

4,7%

1,8%

18

is a flexible and effective type of energy that allows 

Almost no emissions of sulphur dioxide, heavy metals or hydrocarbons 

comparison to 
, natural gas contains several different gases, although 

 

is gas consisting of mainly 
manufactured from decomposing 

depending on 
162 degrees Celsius) for 

transport and storage. Widespread use of biogas would probably be a positive factor 
support and incentives 

viability is too low 
used in vehicles is 

91,6%



 

 

purified from its original source. It 
mainly of methane, the content 
 

Figure 14. Biogas (purified) depending on type of gas

In everyday language no difference is made 
in this paper biogas will be called CNG.

3.1.2 LNG – Liquefied natural gas
LNG (Energigas Sverige, 2011)
requires 600 times less storage space than CNG. To be liquefied it 
down to approximately -162
and the need of storage in expensive cryogenic storage tanks inhibits wide spread 
commercial use. The recent development in the area shows increasing interest among 
naval industry, and for instance Volvo is working on an engine running 
and LNG (Steinwig, 2012)

3.1.3 LPG – Liquefied petroleum gas/Autogas
LPG is a product whose composition differs between countries and seasons. The 
Swedish composition is shown in 
butane. It is a flammable mixture often called 
petrol (Aga, 2012)(AEGPL Europe, 2012)
roughly 35% compared to petrol
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Figure 15. LPG depending on type of gas

3.1.4 Hydrogen 
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Figure 16. Combustion limits of including components (Volvo Global Training) 

3.2.2 Ignition temperature 
Methane, which is the main component in CNG and LNG, has an auto ignition 
temperature of 537 ºC and a flash point at -188 ºC. This shows methane can be ignited 
at any point by an external source in case of leakage, and will ignite spontaneously at 
537 ºC even though it is not exposed to an external ignition source. Propane, which is 
the main component in LPG, has a lower auto ignition temperature, making it more 
prone to ignite on hot surfaces. Hydrogen has the lowest auto ignition temperature of 
the three gases discussed. Table 2 shows ignition temperatures and flash points for 
those gases. 

3.2.3 Activation energy 
The activation energy of methane depends on the fuel concentration; the lowest 
activation energy needed is when the concentration of methane in the air is 8 %. At 8 
% methane in the air the energy needed to ignite the mixture is 0.30 mJ. Propane has 
similar activation energy to methane, but the activation energy of hydrogen is one 
order of magnitude less and thus will hydrogen ignite easier. As a reference, an 
ordinary spark from a spark plug in an engine emits about 30-50mJ (Borman & 
Ragland, 1998). This shows that the activation energy for this type of gases is quite 
low; hence the gas is easily ignited. Table 2 shows the activation energy for three gas 
species. 
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Table 2. Auto ignition temperatures, activation energy and flash points of three gas species (Borman & 
Ragland, 1998) 

Type of gas Auto ignition 
temperature (air, 20oC, 1 
atm) 

Activation 
energy 

Flash 
point 

Propane (LPG) 470 oC 0.40 mJ -104 oC 

Methane (CNG, LNG) 537 oC 0.30 mJ -188 oC 
Hydrogen 400 oC 0.02 mJ -253 oC 

 

3.2.4 Perceptual characteristics and toxicity 
No type of gas used in the Swedish bus fleet is toxic to humans (Sandqvist, 2012); the 
danger lies in the oxygen displacement occurring if the gases are inhaled. There can 
be severe risk of suffocation if there is an undetected gas leak in a confined space. 
 
Manufacturers of gases are required to declare under what conditions a human being 
can smell the presence of the various gases (Sandqvist, 2012). Depending on the 
lower flammability level (LFL) different odorants is added to produce an odor 
detectable by the human nose at 5 % of the LFL. A standard gas alarm triggers its first 
step at 20 % of the LFL, and the second step at 40 % of the LFL. 
 
Even though a human nose detects the gas there is no guarantee there will be a 
reaction. An unfamiliar smell alone is not always a reason to raise the alarm. 
Therefore knowledge about when to raise suspicion is very important amongst the 
employees working in an environment where gases are present. 
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5 Risks involving buses using gaseous fuel 

5.1 Risk assessment before a fire 

5.1.1 Risks concerning buses in use 
If a leak occurs during use of the bus there is always a risk of igniting the gas, for 
example due to sparks in the engine compartment. If the gas continuously leaks there 
is a high probability of a rapid fire development, the bus fire in Helsingborg 2012 
(Brand, 2012) is a representative example of such course of event. It is important to 
have predefined plans of action for bus drivers if a fire should occur, since this may 
inhibit the fire and potentially save the lives of passengers and the bus driver himself. 

5.1.2 Risks concerning buses not in use 

5.1.2.1 CNG leaks in a confined space 
Assuming a standard bus garage holding ten buses, each with a service area being 22 
m long, 5 m wide and 5.5 m high, the total room volume excluding buses would 
be	6050	m3 
The lower flammable range percentile for methane (the main component in CNG) is 
5%, which calculates the minimum volume of gas needed for ignition to be 6050 ∗
0.05 = 302.5m3. Since each bottle of methane holds 25.4 m3 of the gas, 11.8 bottles 
needs to be emptied in the confined space to make the gas mixture flammable. Taking 
into account that the ten buses hold up to 14 bottles each (Volvo), a total of 140 
bottles of methane is potentially stored in the garage and makes a flammable gas 
mixture possible, but not very likely. 
 
Since methane is less dense than air it will rise to the roof, making a flammable gas 
mixture at floor level less likely. The methane has to be evenly distributed in the 
garage to reach the flammable levels, and this is only theoretically possible. There 
will be places where the concentrations are higher and others where it is lower. It is 
for instance more likely that the top layer in the garage reaches flammable levels of 
methane faster.  
 
Assuming there is some kind of ignition source, for example a faulty lamp fitting, 20 
cm below the roof the gas required creating a flammable gas mixture decreases. 
Based on the same assumption of a bus garage holding 10 buses, the needed gas 
volume would decrease from 302.5 m3 to 11 m3. This is more likely to happen since 
one gas bottle alone potentially holds 25 m3 gas, and the probability of several bottles 
leaking at once is less than the probability of only one bottle leaking. 
 
When maintenance is done on a bus there are regulations of how to do this in a safe 
way. The garage has to be modified in such a way that possible gas leakage will not 
be ignited by, for example, a broken lamp or power tools. There are also regulations 
concerning ventilation in this type of buildings making a gas explosion etc. unlikely. 
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5.1.2.1.1 Worst case scenario 
However, there always exist a risk for an explosion in a confined space, and to 
illustrate this the following model was made. 
 

 
Figure 17. Service depot for gas buses 

The model illustrated in Figure 17 shows a service depot used to maintain and repair 
gas buses. The dimensions are 20 m x 10 m x 5 m, with two roof hatches 1 m x 1 m x 
0.2 m each. There is no other ventilation above the two windows located 1m below 
the roof. There are no ignition sources in the ventilation hatches but they can be 
opened and closed automatically and with a manual override that is located below the 
door-opening panel as well. The lighting in the room consists of fluorescent lamps 
and lighting over workbenches. 
 
In this scenario the manual override is accidentally switched to “closed”, and a gas-
detection system that is designed to prevent gas layer build up is not yet installed. One 
bus undergoing its scheduled maintenance has an undetected leak on one of the gas 
bottles and a layer of gas start to form under the roof of the building. The gas leakage 
progress overnight and when the mechanics return the following morning, a broken 
lamp fitting in the roof emit a spark capable to ignite an explosive gas mixture. The 
lamp fitting is 10 cm high and this is the height of the gas layer required for the gas to 
be ignited. 

5.1.2.1.2 Calculations, explosive mixture 
 
Volume: 

 = 20 ∗ 10 ∗ 0,2 + 1 ∗ 1 ∗ 0,2 = 40,2m3 
 
LEL for methane is 5 % 
 

��� = 40.2 ∗ 0,05 = 2.01m3 

 
In order to form an explosive mixture 2.01m3 CNG need to be released, making this 
scenario possible. The calculations are based on the LEL for methane, but the 
possibility to ignite the other components in natural gas might be even higher if the 
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LEL of a different gas is lower. It should also be kept in mind that these calculations 
are based on evenly distributed gas. In a real environment turbulence is present, 
making a flammable mixture harder to predict if or when it occurs. 

5.2 Risk assessment during a fire 

5.2.1 Explosion 
The risk of explosion is always present when dealing with high-pressure systems. If 
heated, a pressurized vessel is prone to build up pressure and if the thermal fuse fails 
to release the pressure an explosion is imminent. 
 
There are test methods insuring that this will not happen, but those methods have been 
questioned, since they do not represent all possible scenarios concerning heating of 
containers (Lönnermark, 2010). 
 
There are reports of exploding gas tanks caused by failing PRDs during fires in, 
among others, France and Germany (Wiedemann & Perrette, 2007). In Saarbrücken, 
Germany, the fire included two buses with a total of 20 tanks. 19 of the tanks were 
prevented from explosion due to the PRDs, but for one bottle the PRD failed. This 
caused an explosion of the tank, causing damage to nearby buildings. One fragment 
was propelled through a wall nearby, and damaged another wall 25 meters further 
away. Luckily, no one was injured. 
 
In the Saarbrücken case, a total of 20 tanks were involved. This means that 40 thermal 
fuses in total was mounted on the tanks, and since all the PRDs are working 
independently to each other, all 40 is required to work at the same time. Since the 
number of thermal fuses is quite large the possibility for failure increases, and thus the 
risk of explosion. 

5.2.2 Jet flame from PRDs 
Jet flames occur when a high-pressure vessel fails and release flammable gas with 
very high velocity. Depending on the pressure, the size of the jet flame varies. If the 
tank is almost empty the jet flame could be manageable, but if the pressure in the tank 
is around 200 bar the flame could reach several meters from the bus, see Figure 18. 
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Figure 18. Jet flame caused by gas released from the gas tanks on the roof of the bus by activation of a PRD 

 
When tanks are constructed to release gas upward, due to high pressure or heating, the 
risks will be bigger if the bus is in a tunnel, in an in-door bus station or in a bus 
garage. If the bus is positioned in a tunnel with limited ceiling height there is a 
possibility of the jet flame heating the other adjacent tanks, making the situation even 
more severe. Furthermore, if the bus is a hybrid bus the batteries are probably placed 
on the roof as well, which aggravates the situation even more since an exploding 
battery can severely injure people in its proximity. With an intense fire from a jet 
flame an explosion is a possibility since the flame temperature of such a fire is very 
high. An example of an indoor bus station is presented in Figure 19; the picture is 
taken at the terminal Knutpunkten in Helsingborg, Sweden.  
 



 

27
 

 
Figure 19. In door bus station at Knutpunkten in Helsingborg, Sweden. 

Figure 19 show an indoor bus station where the bus stop is situated next to a waiting 
hall and a small shop. A jet flame directed towards the waiting hall and the shop could 
lead to potentially devastating consequences. 
 
There have been reports of accidents involving buses on fire with valves directing the 
evacuated gas flow to the side, turning the released gas into a giant flamethrower 
reaching over 10m from the bus, creating a very unsafe work environment for fire 
fighters etc. (Koning, 2012).  

5.2.3 Regulations concerning PRDs on gas tanks for vehicles 
According to UNECE Regulation 110 PRDs with the evacuation nozzles to the side is 
a valid way of constructing PRDs, even though this is a questionable way of 
construction. In USA and Canada this is not a problem, since all the PRDs are 
directed upwards to prevent water/moisture build up and in extension freeze-up. The 
regulation NFPA 54/58 in USA allow PRD-pipes leading the gas upward in case of 
pressure relief, but if that pipe is broken or missing the gas flow would then have been 
directed horizontally out from the bus in case of activation of that PRD as seen in 
Figure 18 and Figure 20. 
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Figure 20. Broken PRD, left tank 

There are regulations concerning recreational vehicles in National Fire Protection 
Association (NFPA) 1192 Code: "5.2.19.3.1 The pressure relief valve discharge shall 
be directed upward or downward within 45 degrees of vertical so that its discharge 
does not directly impinge on the prime mover engine or is not directed into the 
interior of the vehicle." This regulation concerns propane systems but came from the 
NFPA 54 (National Fuel Gas Code: ANSI Z223.1–2006) & NFPA 58 (Liquefied 
Petroleum Gas Code) standards and show that awareness of the problem is present. 

5.2.4 BLEVE and risk assessments 
BLEVE (National Fire Protection Association, 2008) is short for “boiling liquid 
expanding vapor explosion”. It occurs when a liquid is boiled inside a closed 
container allowing extreme pressure to build up. When a rupture occurs a vapor cloud 
is released and as a result of this expansion combined with the extreme pressure 
inside the container the whole container may split open. The sudden pressure drop 
allows the liquid to instantaneously vaporize and expand, and the process is so quick 
it can be classified as an explosion. The elapsed time from the rupture to a BLEVE 
can be very short, sometimes only a few seconds. If the liquid boiling is flammable, 
for example LPG or LNG, it severely aggravates the situation with potential fireballs 
and extreme temperatures as a possible outcome. 
 
Since CNG is compressed natural gas, not a liquid, such a container does not pose a 
risk for BLEVEs during a fire, neither does hydrogen in gaseous form. The fuel most 
prone to a BLEVE is LPG and LNG, particularly LPG since LNG must be stored at -
169 degrees Celsius, and such constructions are less sensitive to heating. As of today 
no commercial vehicles use LNG as fuel; it is only used for transporting natural gas 
between depots. The cryogenic vessels used to transport LNG are of such a size that 
very large fires would be needed to create the required pressure for a 
BLEVE(Pitblado, Baik, Hughes, Ferro, & Shaw, 2004) making these types of 
accidents less likely. 
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6 Discussion  

6.1 CNG buses indoors, a good idea? 
The risks with CNG buses considered in this thesis are all a subject of discussion 
concerning indoor bus stops and bus garages. The possibility of a rapid fire 
development should be taken into concern when assessing whether it is appropriate to 
allow these types of buildings, and what restrictions that should apply in such cases. 
Are these type of buildings designed to withstand a burning bus with more than 10 
gas tanks releasing its content at the same time, before emergency services arrive? 
And how much is it really to be done if a CNG bus caught fire indoors with released 
PRDs? Is it a good option to put out the fire, thus allowing flammable gases to spread 
throughout the building? All these questions need to be investigated further to 
properly assess the risks with CNG buses indoors.  
 

6.2 Should automatic fire extinguishing systems in engine 
compartments be a requirement on CNG buses? 

An automatic extinguishing system inhibit fires, and due to the potentially rapid fire 
development the question about imposing this as a requirement overall should be 
raised. An automatic fire extinguishing system may potentially buy enough time for 
the fire department to get to the fire in time and limit the consequences. 

6.3 Which fuel is the safest? 
CNG is not necessarily more dangerous than diesel, if the right precautions are made. 
The risk of jet flames and tank explosions can, for example, hardly be compared to a 
very persistent diesel pool fire, since they are presenting quite different risks. With 
this example I seek to illustrate the inappropriateness of using the same security 
approach for the two different fuel types, and highlight the importance of awareness 
of what type of risks that is present. 

6.4 Is the normal evacuation procedure necessary during fires 
involving pressurized vessels? 

Normally there is a safety distance of 300 m to consider (Air Liquide, 2012) when 
there is a fire involving gas bottles. Within this 300 m radius everyone is evacuated, 
except the fire fighters who will try to cool the tanks to prevent an explosion if 
possible. Based on the information in this report the risk of explosion is not always 
imminent, if the PRDs on the bottles is functioning properly the risk switch from 
explosion to jet-flames instead. A safety distance in such a case is still needed, but can 
be decreased from 300 m to a distance that allows cooling of gas bottles to prevent 
further consequences. However, it should always be kept in mind that if not ensured 
of PRDs working properly, risk of explosion may still be present. 

6.5 What is the Swedish fire departments point of view? 
Swedish fire departments express anxiety concerning CNG buses and the safety of the 
fire fighters at a CNG bus incident. The insecurity about pressurized vessels, 
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especially during a fire, is the concern since not enough information about the matter 
reaches out to the individual fire fighter.  
 
Today, questions about these types of vehicles are asked, and there is generally a big 
interest in these types of questions. Since the fire in Helsingborg it got more obvious 
that the knowledge about CNG buses and what risks that are involved need to be 
increased. As of today there is not much training on buses, neither diesel fuelled buses 
nor CNG fuelled buses. Even though the risk of explosion is considered the biggest 
risk, not much information is available for a regular fire fighter (Valentin, 2012).  
 
Fire fighters are one of the most important resources on accidents, but are the risk 
assessment for fire fighters concerning fire in CNG busses adequately evaluated? 
Should rescue personnel approach a bus on fire at all, given the risk of explosion and 
jet flames?  
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7 Conclusion 
The CNG industry gains more ground every year in Sweden, partly because natural 
gas emissions are less negative to the environment. Both the transport industry and 
the raw material industry are interested in an extended use of gas, particularly natural 
gas. Norway produces big quantities every year (Norwegian Ministry of Petroleum 
and Energy, 2012) and the supply is close and ample. The trend points towards a 
continued increased usage of CNG as an energy source in public transportation. 
 
In this thesis, both risks and opportunities with CNG have been considered as well as 
comparisons to diesel fuel. It is difficult to compare these different types of fuels to 
get a definite risk assessment of what type of fuel that is the more secure one. Not 
enough research is available on the subject, but some conclusions can still be made. 
 
Whether it is appropriate to use CNG buses at indoor bus stations, and if they should 
be allowed in bus garages, this thesis does not present enough information to make a 
qualitative conclusion. This is an area where more research is needed. 
 
The risks involved during a fire in a CNG bus concerning fire fighters and rescue 
personnel, is an area where more research is needed as well. Since this is a matter of 
human lives, extensive risk analysis of this type of fires needs to be made to ensure 
the safety of this organization. 
 
Finally, the overall conclusion is that there is not enough information available, 
neither general nor technical, for educational purposes. This type of information 
should be easily accessible and available for anyone who comes in contact with CNG 
to ensure proper handling of such vehicles and gear. 
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