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Introduction

• Fuel gas:  fuels in gaseous form, e.g. coal gas

• Many fuel gases are composed of hydrocarbons 

(e.g. methane or propane), hydrogen, carbon 

monoxide, or mixtures thereof

• Can be transmitted and distributed through pipes

• Combustion at the point of use

• Cleaner than solid (e.g. coal) and liquid (oil) fuels 

• Gas lighting is the earliest application

• Such as Duddell Street, Central, HK (都爹利街煤氣燈)
• Gas Street Lamps (4:46) http://www.youtube.com/watch?v=ZJO99leDtwM



Introduction

• Three broad types of fuel gas:

• Manufactured gas

• Produced from coal and coke, through an artificial 

process (gasification), e.g. coal gas, town gas, biogas

• Liquefied petroleum gas (LPG, bottle gas) 石油氣

• From petroleum refining or natural gas processing

• Butane (C4H10) or propane (C3H8), or a mixture of both

• Natural gas 天然氣

• A naturally occurring hydrocarbon gas mixture 

consisting primarily of methane (CH4)



Introduction

• History of gas: making gas from coal & oil

• Revitalisation of natural gas in the world, e.g. 

discovery in South China Sea & North Sea (UK)

• Common types: town gas, LPG, natural gas

• Conveyed in a one-way pipe system; typical 

pressure: 1-2 kN/m2

• Risk of gas explosion! Safety is very important

• Chemical scent/odour is added to most fuel gases so 

that they may be detected by a distinct smell

(See also: The History of Gas (National Gas Museum) http://www.nationalgasmuseum.org.uk/the-history-of-gas/)



Gas explosion accident in 

Tsui Chuk Garden,

Wong Tai Sin (30/10/2002)

Do you remember these accidents in HK? What type of gas is this?

Gas explosion accident in 

Ngau Tau Kok (11/4/2006)
(http://zonaeuropa.com/20060412_1.htm)

What about the gas explosion in 

Kaohsiung, Taiwan in July 2014?

(See also: http://en.wikipedia.org/wiki/2014_Kaohsiung_gas_explosions)



Town gas Natural Gas LPG

• Made from naphtha and 

natural gas; mainly nitrogen, 

methane, carbon dioxide and a 

small amount of carbon 

monoxide (poisonous)

• Lighter than air (specific 

gravity 0.52)

• CV = 17-18 MJ/m3

• Flammable limits 4.5%-

44.3%

• Wobbe index = 22-30

• Higher burning velocity than 

natural gas

• Distributed in pipes (at 10-

20 mbars)

• Natural reserve

• Mainly methane

• Almost free of CO

• Lighter than air (specific 

gravity 0.61)

• CV = 37-42 MJ/m3

• Flammable limits 5%-

15%

• Wobbe index = 39-55

• Lower burning velocity 

than towngas

• Distributed at higher 

pressure (15-25 mbars) 

than towngas

• Made from petroleum

• Propane and butane

• Heavier than air 

(specific gravity 1.92) 

(tend to accumulate at 

floor or low level)

• CV = 95-116 MJ/m3

• Flammable limits 

1.8%-9.5%

• Wobbe index = 73-87

• Distributed in cylinder 

or pipes

* CV = calorific value (i.e. heat energy content)

Wobbe index: an indicator of the interchangeability of fuel gases, to compare the combustion energy output

Three types of common fuel gases



Gas Supply in Hong Kong

• Town gas and LPG are the main types of fuel 

gas used in Hong Kong for domestic, 

commercial and industrial purposes (~2.25 

million gas customers)

• Piped gas supply, discouraging LPG cylinders

• LPG is also used as a fuel by nearly all taxis 

and over 65% of public light buses

• Natural gas is used for electricity generation 

and production of town gas
(Source: Hong Kong Fact Sheets - Water, Power and Gas Supplies http://www.gov.hk/en/about/abouthk/factsheets/docs/wp%26g_supplies.pdf)



(Source: EMSD)

Gas 

supply 

network 

in Hong 

Kong

Do you 

know 

where are 

the natural 

gas & LPG 

come 

from?

(Natural gas supply to HK: http://www.legco.gov.hk/yr12-

13/english/panels/edev/papers/edev0108cb1-401-1-e.pdf)



(Source: EMSD)



(Source: http://www.emsd.gov.hk/en/gas_safety/gas_safety_tips_to_users/types_of_domestic_fuel_gases_and_their_properties/)

Town Gas Liquefied Petroleum Gas

Materials / 

Components

Feedstocks: Naphtha and natural 

gas

Constituents: hydrogen, methane, 

carbon dioxide, and a small 

amount of carbon monoxide, 

nitrogen and oxygen

Propane and butane

Calorific Value 

(MJ/m
3
)

17.27 116

Flammable 

Limits

4.5 ～ 44.3% 1.8 ～ 9.5%

Wobbe Index 24 84

Toxicity Toxic Non-toxic

Weight 0.52 times the weight of air 1.91 times the weight of air

Supply Method It is supplied through a network 

of pipelines.

It is centrally supplied through a 

network of pipelines or stored in 

a cylinder in liquid form.



Gas Supply in Hong Kong

• Types of fuel gas

• Town gas (87.2% market in 2015)

• Hong Kong and China Gas Company Limited

• 1.82 million customers; 27.6 million MJ town gas sales

• Even split between domestic & commercial/industrial

• Production plants: at Tai Po (97%) & Ma Tau Kok (3%)

• Using “naphtha” and liquefied natural gas (LNG) as 

feedstock (also some landfil gas)

• High pressure pipeline & distribution network (3500 

km pipe network)



(Source: http://www.towngas.com/)



Chemical Composition %

Carbon Dioxide 16.3 - 19.9

Carbon Monoxide 1.0 - 3.1

Methane 28.2 - 30.7

Hydrogen 46.3 - 51.8

Nitrogen and Oxygen 0 - 3.3

Physical Properties

Calorific Value 17.27 MJ/m3

Specific Gravity 0.52

Wobbe Index 24.0 MJ/m3

Weaver Flame Speed Factor 35.0

Town Gas Characteristics

(Source: http://www.towngas.com/)



Typical gas supply 

arrangement in high-

rise buildings with 

remote bulk meter and 

secondary meters 

within individual 

dwellings

(Source: Institution of Gas Engineers & Managers (IGEM), UK http://www.igem.org.uk/)

ECV = emergency control valve

AECV = additional emergency control valve 

A = appliance

M = meter



(Source: EMSD)

A service valve

A town gas pipe duct



(Source: http://www.igemfeds.org/files/yppc/2012%20SunnyCHOY.PDF)

Example of a residential town gas installation

Water heater

Cooking hob

Gas meter

Regulator

Isolation valve

Gas pipe



Gas Supply in Hong Kong

• Types of fuel gas (cont’d)

• LPG (12.8% market in 2015)

• Liquefied butane (C4H10) or propane (C3H8)

• Suppliers: Sinopec, Concord, Esso/Mobil, Shell, New 

Ocean

• Imported into Hong Kong by sea and stored in 5 

terminals on Tsing Yi Island

• Some 430,000 customers + 67 LPG filling stations

• About 59% sales in cylinders; others in piped systems

• Safety issues VERY IMPORTANT! (explosion)

• Danger to their own, vicinity & firemen

Have you used LPG 

at home before?



(Source: EMSD)

Make use of the services provided by the approved LPG distributors



(Source: EMSD)



Gas Supply in Hong Kong

• LPG supply systems

• Simplest way: place a cylinder in a household

• Cylinder banks systems for small communities

• Automatic changeover to two sets of cylinders

• Gas supply would not be interrupted; it also indicates 

when replacement is required

• Large scale LPG central supply system (piped)

• Tanks can be installed underground or above-ground

• Bulk tank system or manifold system (LPG cylinders)

• Applications: cooking, fuel for vehicle, refrigerant



(Source: EMSD)

LPG store and cylinder banks supply system



(Source: Health and Safety Executive http://www.hse.gov.uk/pubns/books/l56.htm)

LPG system 

with single 

bulk tank 

installation Bulk 

tank

LPG system 

with manifold 

cylinder 

installation
R = regulator

ACD = automatic change-over device



(Source: http://law.resource.org/pub/za/ibr/za.sans.10087.1.2008.html)

LPG supply manifold system and minimum safety distances



Gas Supply in Hong Kong

• Legislation, codes and guidelines in HK

• Gas Safety Ordinance (Cap. 51)

• Buildings Ordinance (Cap. 123)

• Fire Services Ordinance (Cap. 95)

• Codes of practice and guidance:

• Related codes & guidance notes from EMSD

• Related safety requirements in fire services codes

• Technical guidelines from town gas company

• Practice notes:

• From Buildings Department and Planning Department



Gas Supply in Hong Kong

• Gas Authority in Hong Kong

• Director of Electrical and Mechanical Services 

Department (EMSD)

• Gas Standards Office of EMSD

• Registration schemes

• Registered Gas Supply Companies

• Registered Gas Contractors (RGC)

• Registered Gas Installers (RGI)

• Competent Persons (professional)
(See also: http://www.emsd.gov.hk/en/gas_safety/registers/)



(See also: Gas Installation Work and Registered Gas Contractors http://www.gsp.emsd.gov.hk/en/b04.html)



Gas Supply in Hong Kong

• Classes of Competent Person

• 1.  Testing & certification of LPG cylinders, tanks, 
vaporisers & mains

• 2.  Inspection & certification of LPG compounds & 
cylinder stores

• 3.  Examination & certification of gasholders

• 4.  Installation, commissioning and maintenance of LPG 
tanks, vaporisers, pipework, pressure regulators and 
associated equipment

• 5.  Installation, commissioning and maintenance of LPG 
pipework, pressure regulators and associated equipment

• 6.  Repair and maintenance of LPG vehicles



System Components

• Service pipe: the pipe between the gas main 

and the primary meter control

• Usually polyethylene pipe is used underground 

and steel or copper pipe where it is exposed

• The service pipe should enter the building on the 

side facing the gas main

• Must not pass under the base of a wall of foundation

• Must not be installed in an unventilated void space

• Must not have electrical cables taped to it

• Must not be near any heat source



Gas supply to a house

Gas main 

usually near 

the road

What is this?

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)



Gas supply to flats in 

high-rise buildingsWhere to put the

gas pipe riser?

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)



System Components

• Gas service pipe riser: (or service riser)

• Vertical service pipe and includes any horizontal 

sections of the service pipe between such vertical 

sections

• Must be installed in open air space or fire-

protected shafts

• Ventilation to the outside air

• Minimum fire resistance for shafts

• Movement joints or flexible pipes and a service 

valve are provided at each branch



Gas service pipe risers installed in a shaft

(Source: Hall, F. and Greeno, R., 2013. Building Services Handbook)



System Components

• Gas Meters

• Must be sited conveniently for access

• Meters remain the property of gas company

• Components:

• Main control cock

• Pressure governor

• A bypass pipe (for large/industrial installation)

• Test points

• Earth bonding (for electrical safety)

• Types: domestic, industrial & smart meters



Domestic gas meter

Check this at your home!

(Source: Hall, F. and Greeno, R., 2013. Building Services Handbook)



Components for gas controls

(Source: Hall, F. and Greeno, R., 2013. Building Services Handbook)



Industrial gas meter

What are 

the main 

differences 

with 

domestic 

one?

(Source: Hall, F. and Greeno, R., 2013. Building Services Handbook)



System architecture of automatic meter reading (AMR) of Towngas

(Source: https://www.towngas.com/Eng/Cust/Business/ResidentialProjects/AMRSystem.aspx )



System Components

• Emergency Control Valve

• Installed as near, so far as practicable to the point 

of gas service entry into the premises in an 

accessible location

• Fire Safety Valve

• A gas isolation valve located external to the 

kitchen area for use by Fire Services Officers in an 

emergency

• Gas Appliances, e.g. burners, water heaters



Major parts of a gas installation and gas controls

(Source: http://www.arca53.dsl.pipex.com/index_files/gas3.htm)



Flame failure safety devices

(Source: Hall, F. and Greeno, R., 2013. Building Services Handbook)



Gas ignition devices

(Source: Hall, F. and Greeno, R., 2013. Building Services Handbook)



(Source: EMSD)

Gas installations in commercial premises

Kitchen appliances

Water heater

Control valve & meter



(Source: EMSD)

Laundry equipment using LPG system



(Source: EMSD)



Design Considerations

• Hazard assessments for gas works are needed 

for project evaluation to minimize the risk and 

identify additional safety measures

• Assessment of gas load:

• Diversity

• Flow equation and calculation

• Pressure loss due to pipe components

• Effect of altitude (if any)

• Access and security



Example of gas network layout for industrial or commercial connection

(Source: http://www.gasnetworks.ie/)



Design Considerations

• Planning of network pipelines

• Above-ground or below-ground entry

• External or internal pipelines

• Gas pipes must have fall & drain points

• Underground buried pipes protected by bitumen or 

‘denso’ tape (to prevent leakage & corrosion)

• Naturally ventilated spaces is preferred

• Early detection of leakage + electrical safety

• Gas company should be consulted



Design Considerations

• Meters and isolation valves

• Meter installations (location, individual or banks)

• Isolation valves (inlet, branch, emergency)

• Provision for testing & commissioning

• Purging new gas installations

• New installations are thoroughly purged of air and 

debris that may remain in the completed pipework

• If air is not removed, it is possible that when 

attempting to ignite the gas, a gas-air mixture will 

cause a blow-back and an explosion



Design Considerations

• Flues

• Low-level flue gas discharge

• Much simpler than solid fuel or oil

• Sufficient dilution with fresh air

• Manage the heat and air pollution

• Small gas appliances/cookers: indoor discharge

• Water vapour in discharge

• Vitreous clay & asbestos cement pipes

• Balanced flue gas water heater



Design Considerations

• Types of gas water heaters:

• Balanced flue

• A room-sealed gas water heater incorporating an air-inlet-cum-

product-outlet terminal designed to be exposed on an external wall

• Fanned draught

• A flue system in which the draught is produced by a fan

• Open-flued

• Connected to a flue system, its combustion air being drawn from 

the room or internal space in which it is installed

• Room-sealed

• When in operation, has the combustion air inlet and the 

combustion products outlet isolated from the room in which the 

heater is installed



(Source: EMSD)



(Source: EMSD)



Balanced flue gas-fired instantaneous water heater

Do you have this

at your home?

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)



(Source: www.emsd.gov.hk)

How to design and locate gas water heaters?

What are the key design factors?



Design Considerations

• Gas pipes in buildings

• Installation pipe, service pipe, gas main

• Most common materials: mild steel to BS 1387

• Copper & uPVC are used in some countries

• Precautions

• Should not fitted inside chamber or pipe duct with 

electrical devices (sparks may cause fire or explosion)

• Spacing & insulation when contact with other service 

(reduce the risk of excessive heat and leakage)

• Sufficient free area for ventilation in gas pipe shafts 

(such as grille at the highest point)



(Source: EMSD)



(Source: EMSD)



(Source: EMSD)



(Source: EMSD)



(Source: EMSD)

Gas flow and pressure controls for LPG chamber installation



Gas Pipe Sizing

• The flow of gas in pipes depends on:

• The internal diameter of the pipe

• The pressure of gas

• The type of pipe material used

• The relative density of the gas

• The length of pipe and resistance of fittings

• Gas consumption of an appliance is related to:

• Rated heat output (kW) / Calorific value (MJ/m3)



Gas flow rates in pipes

(Source: Hall, F. and Greeno, R., 2013. Building Services Handbook)

The Pole formula is used in the gas industry for determining the flow rate of

gas in pipes. It is a simplification of the Darcy fluid flow formula.

� = 0.0071
ℎ × 	


� × �
									(�3/ℎ�)

where: 0.0071 is a constant friction coefficient

h = pressure loss in millibars (mb)

d = pipe diameter (mm)

s = specific gravity of gas (natural gas approx. 0.6)

l = length of pipe conveying gas (m)

The Pole formula can be rearranged to make pressure loss (h) the subject:

ℎ =
��×�×�

��×(�.����)�
(millibars)

It can be seen that the pressure loss (h) is directly proportional to:

- the square of the flow rate (Q)

- the gas specific gravity (s)

- the pipe length (l)

Note: Pole's formula is limited to normal low-pressure gas installations. Under higher pressure, 

alternative formulae which incorporate gas compressibility factors are more appropriate.



Gas Pipe Sizing

• Gas pipe sizing

• It depends on gas pressure of incoming service & 

that required by appliances

• Found from manufacturer’s literature or calculated 

from heat output & efficiency

• Most gas appliance has efficiency of 75%

• Maximum allowable gas pressure drop = 75 Pa

• Gas flow rate (Q, l/s) can be calculated as:

GCVeff

H
Q

×
=

H = appliance heat output (kW)

eff = appliance efficiency

GCV = gross calorific value (MJ/m3)



Gas Pipe Sizing

• Gas pipe sizing (cont’d)

• To determine the size of pipework, two factors 

must be established:

• 1. The gas consumption (Q)

• 2. The effective length of pipework

• The effective length of pipework is taken as the 

actual length plus the allowances for fittings in 

installations (e.g. elbow, tee, bend)



Gas pipe sizing (typical data)

(Source: Hall, F. and Greeno, R., 2013. Building Services Handbook)



Gas pipe sizing (example)

(Source: Hall, F. and Greeno, R., 2013. Building Services Handbook)



(Source: http://www.upperplumbers.co.uk/plumbing/plumbing_pages.php?title=Pipework%20Sizing&cat=1)



Gas Pipe Sizing

• Gas pipe sizing [BSE notes]

• http://www.arca53.dsl.pipex.com/index_files/gas4.htm

• Gas properties

• Allowable pressure drops

• Gas pressures

• Simple method of natural gas pipe sizing

• 3 tables are for steel, thin wall & thick wall copper

• CIBSE method of gas pipe sizing

• CIBSE Guide C, Table C4.45 (steel) and C4.46 (copper) 

for natural and LPG pipe sizing



(Source: http://www.arca53.dsl.pipex.com/index_files/gas5.htm)

Example of gas pipe sizing table

Section

Ref.

1

Heat 

Output

in 

section

kW

2

Flow rate

m3/s

3

Pipe Size

mm dia

4

Length 

of pipe

m

5
Total Equivalent length of 

Fittings

m

6

Total Pipe 

Length

Col. 4+5

m

7

Pressure 

drop per 

metre

Pa/m

8

TOTAL

PRESSURE 

DROP

Col. 6 x 7

Pa

9

Pressure at  start  

of  section

Pa

10

Pressure at 

end

of section

Pa

1 41 0.00106 28 8

Zeta factor for Tee =

0.5 + 1.0 + 0.25 = 1.75

T.E.L. = ζ x le

= 1.75 x 0.7

= 1. 23 m

8 + 1.23

= 9.23

2.2 20.31

2 16 0.000413 15 4

Tee 0.5 + 1.0 = 1.5

T.E.L. = ζ x le

= 1.5 x 0.4

= 0.6 m

4 + 0.6

= 4.6
8.3 38.18

3 4 0.000103 15 13

3 bends @ 1.0 = 3.0

1 plug valve = 1.0

Total ζ = 4.0

T.E.L = 4.0 x 0.2

= 0.8 m

13 + 0.8

= 13.8

1.3 17.94

4 25 0.00065 22 5

2 bends @ 1.0 = 2.0

1 plug valve = 1.0

T.E.L. = ζ x le

T.E.L = 3.0 x 0.5

= 1.5 m

5 + 1.5

= 6.5

3.0 19.5

5 12 0.00031 15 4

1 plug valve = 1.0

T.E.L. = ζ x le

T.E.L = 1.0 x 0.4

= 0.4 m

4 + 0.4

= 4.4
4.0 17.6



(Source: http://www.arca53.dsl.pipex.com/index_files/gas5.htm)

Example – gas pipe system with sizing information



Further Reading

• Gas Systems [BSE notes]

• http://www.arca53.dsl.pipex.com/index_files/gas1.htm

• Gas Pipe Sizing [BSE notes] 

• http://www.arca53.dsl.pipex.com/index_files/gas4.htm

• Gas Safety Portal (EMSD) 

http://www.gsp.emsd.gov.hk/

• Overview on Gas Safety 

http://www.gsp.emsd.gov.hk/en/b01.html

• Gas Installation Work and Registered Gas Contractors 

http://www.gsp.emsd.gov.hk/en/b04.html


