
How to start a successful CNG program

NGV 2010 ���� International Conference and Exhibition
8 ���� 10 June 2010, Rome, Italy

by Hien Ly
CFS International ���� NGV Consulting, Sydney, Australia



Important issues of a CNG program (1)

� Conditions for a successful CNG project/program

� Government support

� Access to good quality gas supply

� Selection of target markets/users

� Technology appropriate to the application

� Attractive economics

� Safety



Important issues of a CNG program (2)

� Steps in starting a vehicle conversion program

� Case study ���� developing a regional refuelling network

� Refuelling station location ranking

� Feasibility of a fleet conversion and refuelling stat ion project

� CNG fleet economics

� CNG refuelling station economics



Conditions for a successful CNG vehicle program
� Government support

� Adequate technical, safety and commercial informatio n for 
potential and existing customers. In many cases this  issue can 
allow customers to be misled or cause customer confus ion or 
scepticism

� Adequate technical, safety and commercial informatio n for  
service providers

� Ready access to good quality gas supply

� Correct selection of target markets/customers

� Technology

� Good economics

� Safety



Government support

� Strong, clear, consistent government policy

� Strong industry/government partnership

� Strong communication and cooperation

� Regulations and standards

� Policies on energy, environment and transportation a ffect CNG 
program

� Policies must assist vehicle purchase and maintain a ttractive 
CNG fuel price



Adequate, correct information for customers and 
equipment and service providers

� Technical and commercial performance 

� Availability of equipment, fuel and services

� Appropriateness of technology to the application (e.g . dual 
fuel engines for city operation?)

� Safety issues for users

� Regulations and standards

� Government policies (safety, taxation, environmental)



Choice of gas engine for specified vehicle duty cyc le 

� Dual fuel diesel/gas engines: high fuel substitutio n ratio and 
gas operating efficiency require high loads

� How suitable is dual fuelling for heavy traffic oper ating 
conditions of large cities (to replace diesel buses a nd diesel 
taxis)?

� What substitution ratio and gas efficiency should b e assumed 
in estimates of fuel cost savings?

� Dedicated gas engines: how would fuel consumption b e 
influenced by the vehicle operating conditions?

� In both cases (dedicated gas and dual fuel): Lower gas 
efficiency erodes CNG ����s greenhouse emissions advantage, 
sometimes to the point where its performance is lower  than 
diesel



Natural gas engines

� Mono-fuel engines
- Dedicated spark ignited engines
- Can be car or truck/bus engines
- Stoichiometric or lean burn
- OEM or retrofit

� Dual fuel engines
- Partial replacement of diesel by natural gas
- Compression ignited by diesel pilot
- Lean burn
- OEM or retrofit



Heavy duty dedicated spark ignited engine

Base engine block: diesel

- reduced compression ratio by piston or cylinder head

- optimised intake manifold including throttle body

- equipped with ignition system

- optimised coolant system

- central mixture or multipoint injection system

- optimised exhaust system with optional exhaust cata lytic 
converter





Mono-fuel heavy duty gas engines ���� advantages and 
disadvantages

� Advantages
- Optimised power, emissions, driveability possible

- Negligible PM emissions

- Secure utilisation of refuelling stations

� Disadvantages

- High cost engine development

- Unknown technology to the established service netwo rk

- Has to operate within range of (limited) refuelling ne twork

- Lower fuel efficiency than diesel in most applicat ions, in 
particular heavy city traffic, e.g. delivery trucks, bu ses and 
taxis. Up to 40% fuel energy penalty has been reported  for an 
OEM dedicated CNG truck.



Dual fuel heavy duty engine technology

� Up to 90% diesel replaced by natural gas

� Ignition by pilot diesel injection

� Idle and high load full diesel operation



Four-stroke dual fuel engine principle of operation



Dual fuel gas engines ���� Advantages and disadvantages (1)

� Advantages
- Low cost engine development
- Less onboard CNG storage required compared to monofue l
- Diesel as back-up fuel, giving good range
- Driveability comparable to diesel
- Better resale value for base vehicle

� Disadvantages
- (Generally) Compromise between diesel and gas technol ogy
- Emission results not optimised (e.g. higher PM than mono 
fuel)
- Fuel cost higher if diesel mode frequently used



Natural gas substitution rate for aftermarket, port  gas 
injection dual fuel NG/diesel engine: Dual fuel eng ines are 
generally not suited to city operation (Source: Caterpillar)



Dual fuel gas engines ���� Advantages and disadvantages (2)

� Drive cycle affects fuel replacement ratio and fuel e fficiency

- City bus: low percentage fuel substitution and low efficiency

- Highway truck: high diesel replacement and good effi ciency

- Improved diesel replacement and gas efficiency is po ssible 
with high pressure direct gas injection, but consist ently high 
on-board gas pressure is needed
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Access to good quality gas supply

� Adequate, good quality, affordable gas supply must b e 
available

� Higher inlet gas pressure results in smaller compressors  and 
less compression energy cost

� Gas supply must be accessible (good distribution reach )

� Mother daughter systems can be used while gas distrib ution 
system is installed. However, this is costly

� For larger refuelling demands, LCNG may be considered wher e 
economic LNG is available

� CNG fuel price must be at least 30% lower than diesel  and 
petrol



Correct selection of target markets/users

� Markets/applications where suitable technology is ava ilable

� Choose customers who can be adequately served by the  
available vehicle range/refuelling network

� Select high usage customers first (they enjoy short pa yback 
time)

� Feasibility study to determine attractive customer segments or 
fleets and the necessary refuelling infrastructure



Technology

� Suitable technology must be available 

� Performance of technology must be adequate to user

� Technology must be economically viable

� Technology must meet standards and regulations, for ex ample, 
exhaust emission limits must be met by vehicle retro fit 
conversions



Attractive economics

� CNG vehicle/vehicle conversion cost must be kept low

� CNG fuel cost must be low enough relative to petrol a nd diesel

� Low costs can be contributed to by government and com mercial 
support policies

� Vehicle investment payback time must be short enoug h; larger 
investments may require standard project financial anal ysis 
including discounted cash flow, IRR and NPV calcula tions.



Safety

� Good refuelling station and vehicle safety record must b e 
maintained

� Regulatory controls must be in place to maintain saf ety

� Service infrastructure (vehicle workshops and inspection  
procedures) must be established

� Accredited training courses must be established to su pply 
suitable technical service personnel

� Codes, standards, regulations and training must keep abreast 
of up to date industry safety knowledge derived from  safety 
incidents

� Public emergency agencies (police, rescue, fire briga de, 
hospitals) must be given adequate training to deal w ith safety 
incidents and injuries



How to start a CNG vehicle program (1)

� Good, objective technical, safety and economic inform ation for 
customers and service providers

� Feasibility study to identify suitable vehicle cust omers, and the 
necessary refuelling infrastructure and fuel costs

� Government and business cooperation to be established

� Government support policy to be prepared

� Standards and regulations to be established

� Regulatory framework to be established



How to start a CNG vehicle program (2)

Source: ENGVA, 2006



How to start a CNG vehicle program (3)

� Training and licensing of technical personnel

� Minimise likelihood of safety incidents 

� Safety and emergency response procedures for operating 
personnel and emergency services

� Start with small scale, low cost pilot projects

� Careful selection of vehicle fleets and refuelling sta tion sites

� Competitive tender for the lowest cost supply of vehi cles and 
refuelling stations



Case study - Basic steps in developing a 
regional CNG refuelling network



Basic steps in developing a regional refuelling
network (New West Technologies LLC) (1)

• Select optimal locations for refuelling stations

• Plan for expanding CNG vehicle fleets in region (prom ote 
CNG to targeted fleets)

• Develop marketing plan targeting major fleets and gene ral 
population

• Funding sources including central, regional and local  
governments’ support programs

• Develop and implement education / awareness plan  f or CNG 
vehicle program, targeted at the government, general 
population and fleets



Basic steps in developing a regional refuelling netw ork (2)

• Hold fleet workshops, special events and meetings

• Secure alliances/partnerships with relevant government 
agencies, gas utility, refuelling station equipment suppliers, fleet 
operators/owners, CNG vehicle suppliers

• Secure funding and install refuelling stations initi ally at a small 
number of the top ranking sites

• Organise “group buys” for refuelling equipment and vehicl es

• Continue evaluating further refuelling station locat ions



Refuelling station location selection

• Existing and potential CNG vehicle fleets, location,  operating 
routes, fuel consumption quantities and patterns

• Existing petrol/diesel service station – location and available 
space

• Other potential sites

• Suitable gas supply and power supply capacity at ea ch site

• Price of gas and power at each site

• Cost of site owner’s fee or commission 

• Roads/access to each site



Existing and potential CNG vehicle fleets in the re gion



Refuelling station location ranking score sheet



Optimal locations for CNG refuelling stations in the  region



CNG fleet project feasibility study (1)

A fleet project feasibility study generally addresses these issues:

• Codes, standards and regulatory compliance and safety

• Staff training and supporting service infrastructure

• Required vehicle specification, operation and econom ics

• Optimised refuelling pattern for the specified vehicle  
services/routes

• Natural gas supply - available pressure, pricing and g as 
properties



CNG fleet project feasibility study (2)

• Available OEM CNG vehicles, their procurement and 
operational history

• Available converted vehicle systems, their procurement  and 
operational history

• Performance, cost and delivery time of the specified number 
of vehicles

• Sizing, performance, siting, layout, cost and instal lation time 
of required refuelling station

• Economics of the required CNG refuelling station



CNG fleet project feasibility study (3)

• Economics of the specified number of CNG vehicles in the 
specified duty cycle

• Life cycle cost includes first costs and ongoing cos ts over the 

life of the project



CNG fleet vehicle economics

• Purchase/conversion and staff training costs

• Additional maintenance cost including increased work  and 
spare parts (e.g. increased tyre wear due to increased 
weight), and periodic recertification

• Additional operating cost including “lost” mileage an d 
drivers’ time for more frequent refuelling

• Reduced revenue if peak time passenger capacity is li mited 
by vehicle axle weight limit 

• Vehicle fuel consumption increase due to CNG fuel 
efficiency being lower than diesel, and increased ve hicle 
weight



CNG fleet refuelling station economics

• Station purchase or rental costs

• Unused station capacity if refuelling pattern (vehicl e 
operating schedule) is not optimised

• Inadequate/incorrect management of station maintenanc e 
may lead to station downtime or CNG fuel quality probl ems 
affecting vehicle equipment (hydrate, particulates, carryover 
oil 

• Ineffective control of fuel accounting/metering may l ead to 
unduly high inlet gas bills or high discrepancy betwe en inlet 
gas meter and CNG dispenser meter readings

• External operating and maintenance contract may provide  
better control of costs



Case study - Optimising CNG fleet vehicle 
operation and refuelling station design (1)

Fig. 2 - Optimised refuelling pattern for Services 711, 712, 
713 and 98 (13 Mar 01)
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Case study - Optimising CNG fleet vehicle 
operation and refuelling station design (2)

Fig. 3 - Refuelling capacities of 1, 2 and 3 Bauer compressors, 
all with 8000 Litre storage
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Case study - Optimising CNG fleet vehicle 
operation and refuelling station design (3)

Fig. 4 - Refuelling capacities of different CompAir  compressor 
and storage combinations  
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Case study - Optimising CNG fleet vehicle 
operation and refuelling station design (4)

Fig.5 - Refuelling capacity of Sulzer proposal, wit h 6000 L 
storage 
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Summary: issues of a CNG program/project (1)

� Conditions for a successful CNG project/program

� Government support

� Access to good quality gas supply

� Selection of target markets/users

� Technology

� Attractive economics

� Safety



Summary: issues of a CNG program/project (2)

� Steps in starting a vehicle conversion program

� Case study ���� developing a regional refuelling network

� Refuelling station location ranking

� Feasibility of a fleet conversion and refuelling stat ion project

� CNG fleet economics

� CNG refuelling station economics


