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Key Takeaways: 

 Demonstration of how to calculate vehicle greenhouse gas emissions; 

 Advantages and disadvantages of vehicles with alternative fuel types; 

 Outlook on the electric/hybrid vehicle market and related government policies in Australia 
and across the world; 

 Recommendations on how to reach a lower amount of greenhouse gas emissions in the 
light-duty vehicle market; 

 An illustration of how to reduce the greenhouse gas emissions for a vehicle fleet. 
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Executive Summary  
Greenhouse gas (GHG) emissions in passenger vehicles are still high worldwide, but a significant 
global transformation is now taking place in the passenger vehicles market. Governments around 
the world support this change, while Australia seems to be slightly lagging in this transition process: 
there are only few governmental incentives for low emissions vehicles, consumers typically show 
preferences for heavier vehicles with more powerful engines, and Australia has cheaper fuel prices 
in comparison with other jurisdictions, such as Europe (Australian Government, 2020). 

This White Paper provides the reader with an overview of these important developments. It details 
how GHG emissions from vehicles are estimated and assesses the implications of different fuel 
types (e.g., gasoline, diesel, liquefied petroleum gas) for the overall GHG emissions of a vehicle. 
There are important trade-offs in fuel consumption and GHG emissions that need to be considered: 
For example, a liquefied petroleum gas vehicle can have a higher fuel consumption than a petrol 
vehicle but – at the same time – the liquefied petroleum gas vehicle has lower emissions than a 
petrol vehicle, due to a lower proportion of carbon in liquefied petroleum gas relative to petrol.  

The White Paper also highlights the position of zero/low emission vehicles in the transition to a 
lower-carbon economy and identifies the requirements to pave the way forward. Possible measures 
to increase the update of zero/low emission vehicles include government policies to target both 
short-term behavioural change and long-term technological solution in a socio-technical approach. 
The paper also emphasises how interactions between governmental policies, automobile 
production, and users’ consumption behaviour will be fundamental to reach a lower amount of 
GHG emissions in the light-duty vehicle (LDV) market. The White Paper also illustrates how a 
switch to a greener vehicle can help to significantly reduce the carbon footprint of a vehicle fleet. 

Recommendations for facilitating a rapid transition to zero/low emission vehicles at the 
government level include: direct purchase subsidies, development of recharging infrastructures, 
implementation of incentives such as GHG differentiated vehicle registrations, application of tax 
exemptions and credits, investment in R&D. Policies can also narrow the cost gap between zero/low 
emission vehicles and internal combustion engine vehicles through the deployment of higher taxes 
and limitations on internal combustion engine vehicles, and application of fossil fuel taxes. These 
financial incentives can be combined with non-financial incentives (e.g., free parking) to boost the 
value proposition of zero/low emission vehicles. Nonetheless, the success of policies and policy 
instruments requires the development of a comprehensive framework, coupling demand and 
supply tools and efficient coordination among users, automakers, service providers, the power 
system as well as distribution network operators and mobility and urban planners in a long-term 
approach. 

Possible changes at the production level that help to reduce GHG emissions include: more fuel-
efficient vehicles, vehicles with carbon-neutral alternative fuels, also, better utilisation and 
improvements of the vehicle design. Targeted marketing may encourage buyers to buy or lease 
smaller, environmental-friendly vehicles and change purchase behaviour. 

Other options include to improve individuals’ driving behaviour: for example, using higher gears, 
avoiding harsh acceleration and braking, regular car services, correcting tyre pressures, switching 
off the engine when idling (often automated in newer vehicles), and observing speed limits. 
However, individual behaviour can be difficult to change without appropriate incentive structures. 

In summary the provided recommendations can decrease the use of fossil fuels, and thus GHG 
emissions in the transport sector. The development of new technology to provide solutions is 
comparatively expensive, complicated, and slow. In the meantime, the development of policies can 
help to change purchase behaviour and travel habits. Policy support can build the infrastructure 
and confidence needed to transition to a considerably higher share of electric or hydrogen-based 
vehicle options. In the long-term, significant technological progress is being made in reducing 
emissions on new cars, by, for example, the enhancement of energy efficiency and research and 
development in new fuel types. 
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Introduction 
According to the International Energy Agency (IEA), the transport sector accounts for about a 
quarter of the world’s energy-related greenhouse gas (GHG) emissions in 2019 (IEA, 2020a). Since 
2010, the growth rate of GHG emissions in the transport sector is the highest among all energy end-
user sectors worldwide - and despite enhancements in efficiency, the increased use of biofuels and 
improvements in electrification (IEA, 2019b). GHG emissions from the transport sector grew 
globally by about 2 per cent annually since 2000 and reached a total of 8.2 GtCO2 for 2018. The 
sector did not experience any substantial drop in GHG emissions except during the global financial 
crisis, which slowed GHG emissions in some regions. Road transport accounts for 75% of GHG 
emissions in the transport sector (see Figure 1). As evident, passenger vehicles are a significant 
contributor to the overall emissions, and also represent the transport category that increases the 
most in absolute numbers (+ 1.7 GtCO2) (IEA, 2019b). 

  
Figure 1 Transport sector CO2 emissions by mode in the Sustainable 

Development Scenario (2000-2030) 

 

Source: International Energy Agency (2019) 

Note: The International Energy Agency in the World Energy Outlook 2017 presents a Sustainable Development Scenario 
(SDS) to smooth the path to achieving the United Nations Sustainable Development Goals (SDGs) in terms of climate 
stability; universal energy access; and improved air quality. 
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Although the average fuel economy of vehicles (i.e., the distance travelled per unit volume of fuel 
used) has enhanced globally over time (8.8 litres of gasoline-equivalent per 100 kilometres in 2005 
to 7.2 litres of gasoline-equivalent per 100 kilometres in 2017), this growth in improvement has 
slowed in recent years (IEA, 2019c). Between 2013 and 2015, the fuel economy improved by 2% per 
year on average, while it only improved by 1.3% in 2016 and 2017. The 1.3% p.a. rate is significantly 
lower than the improvements needed (3.7% per year) to achieve the 2030 target of the Global Fuel 
Economy Initiative (GFEI) under the United Nations Sustainable Development Goals (IEA, 2019c). 
The GFEI has set a target of improving the average fuel economy for global light-duty vehicles by 
at least 50% by 2050, and by 2030 for new vehicles (United Nations, 2016). 

The increasing demand for larger vehicles, dropping shares of diesel vehicles (mainly replaced by 
gasoline), and growing car sales trend in developing economies (where fuel economy standards are 
low), are reasons for slow improvements in the fuel economy of vehicles globally (IEA, 2019c). 

Australia’s fuel economy rate lags significantly behind the world average. The average rate of fuel 
consumption of passenger vehicles was 11.1 litres per 100 kilometres in 2020, about 50% more than 
the global average (Australian Bureau of Statistics, 2020). Australia is the only OECD countries 
with no fuel economy standard (Quiggin & Smit, 2019). The average emissions rate for new LDVs 
sold in Australia is 45% higher than in Europe (Australian Government, 2020). This is because 
Australian has fewer governmental incentives for low emissions vehicles; a low rate of diesel 
vehicles; consumer preferences for heavier vehicles with more powerful engines; and cheaper fuel 
prices in comparison with Europe (Australian Government, 2020). 

The impact of fuel economy standards becomes evident when examining the international 
regulatory landscape. Countries with fuel economy standards and purchasing incentive policies 
witnessed quicker (on average 60%) and more stable improvements in the rate of fuel economy 
(IEA, 2019c). In Europe, improvements in the fuel economy standard until 2030 are outlined in 
Regulation (EU) 2019/631 (The European Parliament and The Council of the European Union, 
2019). This regulation offers a clear approach to reduce at least 40% of European GHG emissions 
from the road transport sector by 2030 compared to 1990. However, in most other regions, the 
timeframe of current fuel economy policies is confined to the current years.   

The elimination of GHG emissions from the transport sector is a key imperative if climate change 
mitigation programmes are to succeed. The International Energy Agency (IEA), introduced a 
decarbonisation scenario, referred to as the Sustainable Development Scenario (SDS). To comply 
with the IEA’s SDS, a fundamental transition in the transport sector to improve efficiency and 
decrease energy demand is needed (IEA, 2019a), requiring substantial technological and 
behavioural change (Chapman, 2007). Government policies are crucial to targeting both short-term 
behaviour change and long-term technological solution. To reduce GHG emissions, a socio-
technical approach, which makes interactions between governmental policies, automakers 
productions, and users consumption behaviour will be required (Geels, 2012).  

This White Paper examines these issues in further details, introducing different types of low-
emission vehicles and their CO2 emission impacts, a discussion of the Australian market situation, 
as well as factors of vehicle emissions. The paper concludes by outlining changes required to lower 
the CO2 emission impacts of vehicles substantially. 
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Vehicle Emissions 
Emissions from vehicles can be classified into two general categories: (1) air pollutants that lead to 
haze, smog and health problems; and (2) greenhouse gas emissions such as carbon dioxide, 
methane and nitrous dioxide (Green Vehicle Guide, 2020c). An eco-friendly vehicle has a minimal 
environmental impact (i.e., in terms of air quality, it would have a high “Euro” level1; in terms of 
GHG emissions, it would have low tailpipe emissions, measured in g/km). Air pollutants and GHG 
(tailpipe) emissions are both harmful to the environment; however, air pollutants have a more 
immediate impact as they directly impact local air quality. In Australia, the introduction of strict 
regulations for vehicle air pollutants has led to significant reductions of differences in air pollutants 
between vehicles (Green Vehicle Guide, 2020c). However, GHG (tailpipe) emissions pose a longer-
term threat, as they are a fundamental driver of climate change, and are thus receiving heightened 
attending when examining the environmental performance of vehicles. 

Vehicles with an internal combustion engine generate direct GHG emissions through their 
tailpipes, evaporation from the fuel system and during the fuelling process (U.S. Department of 
Energy, 2020). There are various types of electric vehicles, including all-electric vehicles and hybrid 
electric vehicles (HEVs) (Biresselioglu et al., 2018). All-electric vehicles rely on battery storage 
technology and are mainly available in small and medium models (IEA, 2019d) which is consistent 
with their low driving ranges capacity.  

All-electric vehicles (EVs) produce zero direct GHG emissions through their tailpipe; however, 
EVs generate indirect GHG emissions if the electricity is not supplied by a renewable grid. As such, 
emissions are displaced from the tailpipe to the energy generators.  

Plug-in hybrid electric vehicles (PHEVs) are a category of hybrid electric vehicles that allow 
recharging the battery by plugging it into an external power supply. PHEVs have an electric engine 
that uses battery-stored energy power, and an internal combustion engine uses conventional or 
alternative fuel. In all-electric mode, PHEVs produce zero tailpipe emissions through, in addition 
to an internal combustion engine. PHEVs generate direct GHG emissions when employing the 
internal combustion engine. The direct (tailpipe) emissions are therefore on average lower than for 
conventional internal combustion engine vehicles (U.S. Department of Energy, 2020); however, 
PHEVs can also generate indirect GHG emissions if the electricity supply is sourced from fossil-fuel 
intensive energy generation. Overall, PHEVs resolve range and speed limitation of all-EVs by using 
an internal combustion engine to extend the driving range once the battery is depleted. In 
comparison to all-EVs, PHEVs also offer the use of smaller and less expensive batteries (Australian 
Government, 2020). Therefore, about 60% of PHEVs are a large size or SUV models (IEA, 2019d).  

The Worldwide Harmonised Light Vehicle Test Procedure (WLTP) provides a consistent 
benchmark for comparing GHG emissions from vehicles. The WLTP laboratory is used to more 
appropriately estimate the fuel consumption, GHG emissions and air pollution of LDVs in a real-
world scenario than the previous New European Driving Cycle (NEDC) test (introduced in the 
1980s). WLTP is adopted in EU countries, the USA, India, South Korea and Japan (VDA, 2020).  

In Australia, the national standards for vehicle emissions (also referred to as the Australian 
Design Rules, or ADR) are based on the NEDC test. The relevant ADRs to test exhaust emissions 
and fuel consumption are ADR 79 and ADR 81/02. According to ADR 81/02, it is a requirement for 
automakers to display a Fuel Consumption Label, indicating the vehicle’s fuel consumption in litres 
of fuel per 100 kilometres and its GHG emissions in grams per kilometre. The label is based on the 
ADR test procedure, which provides comparability of performance among different models under 
the same test circumstances (Green Vehicle Guide, 2020a). 

 
1 The Euro level refers to the air pollution standard that a vehicle is certified to in Australia to regulate emissions that 
cause smog and impact human health. A higher Euro level indicates that a vehicle meets more stringent requirements  
for a given fuel type. The Euro level does not capture greenhouse gas emissions, see also 
https://www.greenvehicleguide.gov.au/pages/Help/FAQ. 
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To provide a more general procedure for the estimation of GHG emissions in Australia, the 
Department of the Environment and Energy in Australia developed the National Greenhouse 
Accounts (NGA) Factors in line with international best-practice requirements. The NGA factors 
are not just limited to vehicle emissions but also provide a broader set of guidelines for companies 
and individuals to estimate greenhouse gas emissions. The NGA factors advocate consistency in the 
estimation of GHG emissions within various sectors. The next section describes how NGA factors 
are implemented in the estimation of GHG emissions in the transport sector.  
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Estimation method for GHG 
emissions from vehicles in 
Australia 
In the Australian context, the conversion of transport energy to transport GHG emissions involves 
using conversion factors that are provided by the Australian Government (2020). Here, two 
categories of GHG emissions, direct emissions (from the combustion of fossil fuels) and indirect 
emissions (from the consumption of electricity) are introduced. 

Direct (Scope 1) emissions originate from sources within an organisation’s boundary and are a 
direct result of its operational activities. For instance, for a firm with a car fleet, a direct (Scope 1) 
GHG emissions source would result from the combustion of fuel used by these vehicles (Australian 
Government, 2020).  

To estimate direct GHG emissions, emission factors are used. These factors are generally 
expressed in the form of a quantity of a given GHG emitted per unit of energy (e.g., kg CO2-e /GJ). 
Given that the combustion of fuel does not just generate carbon dioxide but also other types of 
greenhouse gases, the calculation below includes emission factors for carbon dioxide (CO2), 
methane (CH4) and nitrous dioxide (N2O). To facilitate the overall calculation procedure, all 
emission factors are standardised and expressed as a carbon dioxide equivalent (denoted CO2-e per 
unit of fuel (Australian Government, 2020).  

Emissions are calculated by multiplying the quantity of fuel used with the fuel-specific energy 
content factor and the fuel-specific emission factor (see Table 1). For each type of GHG (i.e.  CO2, 
CH4 and N2O, the calculation needs to be repeated. Total direct GHG emissions are calculated by 
adding the results. The below formula provides the mathematical representation of the calculation 
(reproduced here from the Australian National Greenhouse Accounts2): 

 

 

Where: 

Eij is the emissions of gas type (j), carbon dioxide, methane or nitrous oxide, from fuel type (i) (CO2-e tonnes). 

Qi is the quantity of fuel type (i) (kilolitres or gigajoules) consumed for transport vehicle 

ECi is the energy content factor of fuel type (i) (gigajoules per kilolitre or per cubic metre) used for transport energy 
purposes. 

If Qi is measured in gigajoules, then ECi is 1. 

EFijoxec is the emission factor for each gas type (j) (which includes the effect of an oxidation factor) for fuel type (i) 
(kilograms CO2-e per gigajoule) used for transport. 

 
  

 
2 Relevant documentation for 2019 can be obtained via: https://publications.industry.gov.au/publications/climate-
change/climate-change/climate-science-data/greenhouse-gas-measurement/publications/national-greenhouse-
accounts-factors-august-2019.html 
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Table 1: Fuel combustion emission factors – fuels used for transport 
energy purposes 

Transport 
equipment 

type 
 

Fuel combusted 
 

Energy content factor 
(GJ/KL unless otherwise 

indicated) 

Emission factor kg CO2-
e/GJ 

(relevant oxidation factors 
incorporated) 

CO2 CH4 N2O 

General transport 

 Gasoline (other than for use 
as fuel in an aircraft) 34.2 67.4 0.6 1.6 

 Diesel oil 38.6 69.9 0.1 0.4 

 Fuel oil 39.7 73.6 0.08 0.5 

 Liquefied petroleum gas  26.2 60.2 0.7 0.6 

 Biodiesel 34.6 0.0 0.8 1.7 

 Ethanol for use as fuel in an 
internal combustion engine 23.4 0.0 0.8 1.7 

 Biofuels other than those 
mentioned in items above 23.4 0.0 0.8 1.7 

 Compressed natural gas that 
has converted to standard 
conditions (light-duty 
vehicles) 

39.3 × 10-3 GJ/m3 51.4 7.3 0.3 

 Liquefied natural gas (light 
duty vehicles) 25.3 51.4 7.3 0.3 

Post-2004 vehicles 

 Gasoline (other than for use 
as fuel in an aircraft) 34.2 67.4 0.02 0.2 

 Diesel oil 38.6 69.9 0.01 0.5 

 Liquefied petroleum gas 26.2 60.2 0.5 0.3 

 Ethanol for use as fuel in an 
internal combustion engine 23.4 0.0 0.2 0.2 

Source: National Greenhouse Accounts Factors (2020) 

 
Indirect (Scope 2) GHG emissions are estimated based on the physical characteristics of the 
electricity grid across states and territories. Within a state or territory, an average emission factor 
for the electricity grid is used to calculate GHG emissions from the consumption of electricity within 
that region. Electricity consumers allocate GHG emissions in proportion to their relative level of 
electricity consumption.  

Table 2 demonstrates the Scope 2 GHG emissions factors for the consumption of purchased 
electricity. The factors estimate emissions of CO2, CH4 and N2O as carbon dioxide equivalent (CO2-
e) for 9 different states or territories- based on the Australian Government (2020) data. The below 
formula indicates how to calculate indirect GHG emissions for electricity consumed: 

 

 

Where: 

Y is the scope 2 emissions measured in CO2-e tonnes. 
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Q is the quantity of electricity consumed (kilowatt hours). 

For Q, if the electricity consumed is measured in gigajoules, the quantity of kilowatt hours must be calculated by dividing 
the amount of gigajoules by 0.0036. 

EF is the scope 2 emission factor, for the state or territory in which the consumption happens (kg CO2-e per kilowatt 
hour) listed in Table 2.  

 
Table 2: Indirect (scope 2) emission factors for consumption of 

consumed electricity  
State or Territory 
 

Emission factor 
kg CO2-e/kWh 

New South Wales and Australian Capital Territory 0.81 

Victoria 0.98 

Queensland 0.81 

South Australia 0.43 

South West Interconnected System (SWIS) in Western Australia 0.68 

North Western Interconnected System (NWIS) in Western Australia 0.58 

Darwin Katherine Interconnected System (DKIS) in the Northern Territory 0.53 

Tasmania 0.17 

Northern Territory 0.62 

Sources: National Greenhouse Accounts Factors (2020) 

 

Calculation of lifecycle GHG emissions for light vehicles  
The below tables (Table 3- Table 6) demonstrate the calculation of GHG emissions for light vehicles 
based on Scope 1, 2 and 3 emissions factors from the National Greenhouse Accounts Factors 
(Australian Government, 2020). Scope 1 only applies to liquid fuels. Scope 2 only applies to 
Electricity Generation. Scope 3 includes emotions generated from extraction, production and 
transport of those fuels for liquid fuels, and it covers extraction, production and transport of fuel 
burned at generation for electricity generation. 

 

Table 3: Scope 1, Scope 2 and Scope 3 Emissions Factors 
Fuel Type (Scope 1/Scope 2 + Scope 3) CO2-e Emissions 

  Units NSW/ACT VIC QLD SA WA Tas NT Australia 

Petrol kg/GJ 73.2 

Diesel kg/GJ 74 

LPG kg/GJ 65.1 

Biofuels (Ethanol) kg/GJ 6.3 

Electricity kg/kWh 0.89 1.09 0.93 0.52 0.7 0.17 0.79 0.87 

Sources: National Greenhouse Accounts Factors (2020) 

Note: For Petrol, Diesel, LPG and Biofuels- National Greenhouse Accounts Factors Table 4 (Scope 1) and Table 43 (Scope 
3). For electricity National Greenhouse Accounts Factors Table 44 (Full fuel cycle EF, latest estimate) 
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Table 4: Scope 1, Scope 2 and Scope 3 Emissions Factors and GHG 
emissions per litre of fuel 

Fuel Type Energy Content (GJ/kL) GHG emissions per litre (KgCO2-e/L) 

Petrol  34.2 2.503 

Diesel 38.6 2.856 

LPG 26.2 1.706 

Biofuels (Ethanol) 23.4 0.147 

Sources: National Greenhouse Accounts Factors (2020) 

 
Table 5: GHG emission per kilometre (using Green Vehicle Guide 

sample fuel consumption values)   

Fuel 
Type 

Urban Fuel 
Consumption 
Value 
(L/100km)-
assumed  

Extra-Urban 
Fuel 
Consumption 
Value 
(L/100km)- 
assumed 

Urban 
driving 
percentage- 
assumed 

Extra-
Urban 
(highway) 
driving 
percentage- 
assumed 

Convert to 
L/km (using 
specified 
percentages) 

Convert 
to 
KgCO2-
e/100km 

Petrol 10 7 66 34 0.0898 22.5 

Diesel 10 7 66 34 0.0898 25.7 

LPG 10 7 66 34 0.0898 15.3 

Biofuels 
(Ethanol) 10 7 66 34 0.0898 1.3 

Sources: National Greenhouse Accounts Factors (2020) 

 

Table 6: GHG emission per kilometre (using Green Vehicle Guide 
sample energy consumption value) 

Energy Consumption Value (Wh/km)- assumed Convert to KgCO2-e/100km 

 NSW/ACT VIC QLD SA WA Tas NT Avg 

150 13.4 16.4 14 7.8 10.5 2.6 11.9 13.1 

Sources: National Greenhouse Accounts Factors (2020) 
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Fuel types and GHG emissions 
The overall GHG emissions of a vehicle depend on several different factors: the type of fuel used, 
the amount of GHG emissions released as a result of fuel consumption, and whether or not the 
vehicle is solely reliant on an internal combustion engine (generating Scope 1 emissions only), an 
all-electric vehicle (EVs) (generating Scope 2 emissions only), or a plug-in hybrid electric vehicles 
(PHEVs) (generating Scope 1 and Scope 2 emissions).  

A liquefied petroleum gas (LPG) vehicle has higher fuel consumption than the same vehicle using 
petrol because the energy content factor of LPG (26.2 GJ/KL) and petrol (34.2 GJ/KL) varies (see 
Table 1). However, the LPG vehicle emits less GHG emissions (15.3 KgCO2-e/100 km) than the 
petrol vehicle (22.5 KgCO2-e/100 km), due to the lower proportion of carbon in LPG relative to 
petrol.  

The next section focuses further on one aspect relevant for the calculation of GHG emissions, that 
is, low emissions fuel types, and the advantages and disadvantages of vehicles using a particular 
fuel type. Table 7 provides an overall summary as a point of reference. 
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Table 7: Summary of advantages and disadvantages of vehicles with 
the alternative energy source  

Energy 
source 

Advantages Disadvantages 

Hydrogen  potentially zero GHG emissions (but only 
if hydrogen is not generated from fossil 
fuel sources)  

 high energy efficiency  
 long driving range (> 500 km) 
 rapidly refill (3–5 min)  
 high capacity to store energy  
 can be produced from a wide variety of 

feedstocks 

 need to develop new production, distribution, and 
refuelling infrastructures 

 high vehicle purchase cost  
 high cost of fuel cells  
 

 

Biofuels  generally seen as a “sustainable” fuel 
alternative  

 no modification of vehicles is required 
when low blends are used (e.g., E10)  

 can be produced from a wide variety of 
feedstocks 

 

 GHG reduction depends on the growing, 
harvesting, processing and converting process 

 more expensive than conventional fuels  
 low supply 
 competition with agricultural land (possible 

impacts on food prices in developing countries) 
 other environmental impacts (e.g., use of fertilizer 

and water for growing biofuel crops) 
Natural 
Gas 

 lower GHG emissions in comparison to 
diesel and gasoline  

 reductions in emissions of hydrocarbons, 
nitrous oxide, and particulate matter  

 lower cost 
 to be produced from a variety of 

feedstocks 
 negligible sulphate and evaporative 

emissions 

 higher vehicle purchase cost 
 lower vehicle range 
 uncertain role of gas as a substitute for 

conventional fuels 
 limited refuelling infrastructure  

Electricity  zero GHG emissions (depending on the 
extent of the decarbonisation of the 
electric grid) 

 low running costs 
 more energy efficient 
 can be produced from a wide variety of 

resources 
 

 high battery cost  
 uncertain useful life of batteries, negative 

externalities from the need to replace and 
recycle batteries 

 high vehicle purchase cost  
 lower driving range 
 lower maximum speed 
 long charging time 
 limited charging infrastructures 
 scarce raw material 

 

Hydrogen 
Hydrogen has been suggested as a possible sustainable transport fuel due to its capacity to decrease 
air pollutants and GHG emissions (Ogden, Jaffe, Scheitrum, McDonald, & Miller, 2018). Hydrogen 
fuel cell electric vehicles (FCEVs) use hydrogen electricity that can be produced on board (through 
reforming natural gas, ammonia, methanol, or other hydrogen-containing fuel), or made externally 
and then be used for refuelling (IPCC, 2014). External refuelling infrastructures can generate 
hydrogen on-site or hydrogen can be generated in central sites, stored as a cryogenic liquid or 
compressed gas and distributed to refuelling infrastructures (Ogden et al., 2018).  

Today, hydrogen is still mainly produced from fossil fuels and has a 1–2% share of the energy 
market globally (Ogden et al., 2018). However, hydrogen can be generated from various sources, 
for instance, from water electrolysis or thermochemical processing of hydrocarbons, such as 
biomass, coal, natural gas (Ogden et al., 2018). Consumption of hydrogen can help with GHG 
abatement globally if it is generated via water electrolysis using renewable electricity or via low 
carbon resources with the implementation of carbon capture and sequestration (CCS).  

FCEVs are attractive to users because of their potential to deliver zero GHG emissions; the high 
energy efficiency of fuel cell drivetrains; the ability to produce hydrogen from a wide variety of 
feedstocks; the extended driving range (> 500 km); the ability to rapidly refill (3–5 min, in contrast 
to battery recharging); and the higher capacity to store the energy of compressed or liquefied 
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hydrogen in comparison to batteries (Greene, Baker, & Plotkin, 2011; IEA, 2017b; Ogden et al., 
2018). On the other hand, concerns about the practicability of FCEVs come from the need to 
develop entirely new production, distribution, and refuelling infrastructures; and the high purchase 
cost of FCEVs (some cars as much as over $100,000) and their fuel cells (Greene et al., 2011; IEA, 
2017b).  

Although FCEVs passenger cars were introduced commercially in the United States, Japan, and 
Europe in 2014, after four years, there were only about 11,200 FCEVs in the global car fleet 
(Biresselioglu, Demirbag Kaplan, & Yilmaz, 2018; IEA, 2019d). This is substantially below the 
market share of battery-powered electric vehicles (BEVs) (1 FCV per 460 BEVs). It is expected that 
the constant technological progress in FCEVs reduces the cost of ownership, enhances the 
competitiveness with internal combustion engine vehicles and increases the market share over the 
next few years (IEA, 2017b; Ogden et al., 2018).  

Biomass liquid fuels (biofuels) 
Biofuels are considered as a sustainable fuel as they are sourced from renewable sources (e.g., crops 
used for biofuel production), and because the regrowing biomass harvested for fuel generation can 
absorb GHG emissions (Greene et al., 2011). Conventional vehicles can use biofuels (e.g., ethanol) 
at low blend shares without any modification of the engine. However, to achieve the optimum GHG 
reduction, using a high blend is required, which requires engine modifications (Chapman, 2007).  

Biofuels include ethanol (e.g., through the conversion of starch and sugar crops or cellulosic 
material), biobutanol (from the same processes), biodiesel (e.g., through the pyrolysis of cellulosic 
feedstocks or oil crops). Researchers have also investigated the synthesis of biomass-derived gas 
into liquids, also referred to as the Fischer-Tropsch (FT) synthesis of biomass (Greene et al., 2011).  

While bioenergy supplies about 10% of the total energy market worldwide, its share in the transport 
sector is only about 6% (IEA, 2019e). Contributing factors have been the high cost of biofuels in 
comparison to conventional fuels (Chapman, 2007; Greene et al., 2011). Broader policy support and 
innovative process to reduce production costs and increase the supply are essential to expanding 
the consumption of biofuels (IEA, 2019f).  

Compressed natural gas (CNG) and liquefied natural gas 
(LNG)  
Natural gas is a substantial energy source. With modification, internal combustion engine vehicles 
can use gaseous fuels such as compressed natural gas (CNG) or liquefied natural gas (LNG). Natural 
gas can be converted into liquid fuels using the Fischer-Tropsch process, but the use of natural gas 
does not lead to a significant reduction in GHG emissions (Greene et al., 2011). Nonetheless, natural 
gas vehicles (NGVs), in comparison to diesel and gasoline fuelled vehicles emit less GHG emissions. 
Moreover, NGVs provide substantial reductions in emissions of hydrocarbons, N20, and particulate 
matter (Greene et al., 2011).  

While natural gas covered about a quarter of the energy market in 2017, its share in the transport 
sector was only about 4% (IEA, 2017a). Worldwide, there are over 27 million NGVs on the road 
(NGV Global, 2019). The fuel cost of NGVs is very low (Lund & Kempton, 2008); as natural gas can 
even be derived from water/sewage treatment or landfill. However, the limited refuelling 
infrastructures and uncertainties about the role of gas as an alternative to conventional fuels limit 
the extensive adoption of natural gas as a transportation fuel (Ogden et al., 2018).  

Electricity 
The electrification of transport sector reduces fuel consumption, GHG emissions, and air pollutants 
(Biresselioglu et al., 2018). Electric vehicles have zero GHG emissions at the source if the source of 
energy is renewables (Chapman, 2007). In other words, the GHG benefit of electric vehicles 
depends on the extent of decarbonisation of the electric grid. Therefore, electricity could be an 
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efficient and sustainable alternative energy source in the transport sector (Biresselioglu et al., 
2018), but only if there is a significant transition towards renewable energy in the overall energy 
grid. 

Electric vehicles have a lithium-ion battery-powered motor to transform chemical energy into 
electrical energy. External sources supply electricity to produce reactants (Chapman, 2007). 
External recharging sources include carpark-based charging sites or public charging infrastructures 
(Australian Government, 2020). The energy generated by braking is also transferred into the 
battery (Australian Government, 2020).  

The initial purchase cost of electric vehicles is above the cost for vehicles with internal combustion 
engines; however, they have typically lower running costs (Biresselioglu et al., 2018). The 
recharging cost is about $0.04/km while it is around $0.14/km on petrol (Electric Vehicle Council, 
2020a).3 Also, maintenance costs are typically lower than internal combustion engine vehicles 
(Australian Government, 2020); however, challenges can arise due to the need to repair, replace 
and recycle batteries. Electric vehicles, in comparison to internal combustion engine vehicles, are 
three-to-five times more energy efficient (e.g., they consume no energy at coasting or rest, and they 
generate additional energy generated from braking) (Chapman, 2007; IEA, 2019d).  

The electrification of the transport sector reduces the dependency on oil-based fuels, which not only 
reduces GHG emissions but also enhances energy security (IEA, 2019d). However, the investment 
in the electrification of mobility is only attractive economically when there is a high(er) cost for oil-
based fuels (Biresselioglu et al., 2018). As such, the impact of Covid-19 on the uptake of electric 
vehicles needs to be seen. Moreover, the supply of cheap electricity may not always be available 
(e.g., the high cost of electricity at peak loading times). Increases in electricity demand and some 
other scarce production resources (i.e., lithium, cobalt and copper) are other challenges that the EV 
sector is facing.  

Despite the continuous technological improvement in EVs, there are still concerns around the fuel 
cells. The size of fuel cells increases the weight of BEVs, occupy a large space (much larger than a 
gasoline tank), limits the performance in terms of driving range (about 100–160km), maximum 
speeds and long charging times (four hours or more) (Biresselioglu et al., 2018; Chapman, 2007; 
IPCC, 2014). Technological advancements have reduced battery costs significantly (about 18% drop 
in 2018). However, the key cost component of EVs is still the lithium battery (IEA, 2019a). There 
are also concerns about the uncertain useful life of batteries and environmental damage of batteries 
when disposed of.  

A shift to the electrification of vehicles will require extensive future investments in charging 
infrastructures (Biresselioglu et al., 2018). On average, in 2018, there were 5.2 million EV charging 
stations available globally, including home, workplaces, and publicly available chargers, whereas 
only 150,000 were fast DC chargers (IEA, 2019d). Although EVs have had high growth in sales in 
the past recent years, their market share is still limited to about 2.6% of the global car fleet in 2019 
(IEA, 2020a). Estimates suggest that an annual growth rate of 30% year-on-year over the next 
decade would be required to have the global car fleet electrified by 15% in 2030. By 2060, about 
90% of vehicles are expected to be EVs (IEA, 2017b). 

A shift to a mix of alternative clean energy sources, hydrogen, biofuels, and electricity (see Table 7), 
reduces oil-based fuels consumption and GHG emissions. However, the change is achievable only 
by the development of comprehensive, adaptable, and robust public policies and tools.  

 

 

 
3 Noting that these figures are before the rapid change in fuel prices due to the Covid-19 outbreak.  
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EVs in Australia and globally 
Although the global market share of EVs is still small, the market is growing at a swift pace (IEA, 
2019d). Better battery performance and lower cost of ownership make EVs more attractive (IEA, 
2019a). In 2019, the number of EVs increased to more than 7.17 million vehicles worldwide, 2 
million more in comparison to the year 2018, and the number of new EVs sold nearly doubled. The 
increase in sale in 2019, about 50%, exceeded the expected annual growth rate to meet SDS 2030 
targets.  

About half of EVs belongs to China where the number of EVs increased from about 2.3 million EVs 
in 2018 to about 3.4 million in 2019. Europe and the United States have the second and third 
positions with about 1.7 and 1.5 million EVs in 2019, respectively. As shown in Figure 2, Norway is 
the global leader of the EV market due to the EVs highest shares , 56% ,in 2019 (IEA, 2020b). 

 
Figure 2 Market share of electric cars (BEV and PHEV) by country, 
2008-19 (%)

 
 

Sources: The Global EV Outlook (2020) 

 
The highest growth in EV sales occurred in 2018 in the United States and was 82% above worldwide 
average growth (IEA, 2019d). In 2017, the same rate for the United States was only 24%. A possible 
explanation is the introduction of Tesla Model 3, which generated significant consumer demand 
(IEA, 2019d; Marklines, 2019). In 2018, the only major electric market with a negative rate of 
growth (-8%), was Japan. Australian EVs market also had a -3% drop (Electric Vehicle Council, 
2019). However, the negative growth could be as a result of an overall sale drop in the Australian 
new vehicles market within 2018.  

The demand for all-EVs and PHEVs depends on buyer incentives and governmental subsidies. 
However, medium and large-sized PHEVs, as well as small and medium-sized all-EVs, are currently 
the dominant types of EVs in the market (Biresselioglu et al., 2018). All-EVs dominated about 68% 
share of the global electric car market in 2018 (IEA, 2019d). The increasing trend started in 2012 
in the United States and China. PHEVs have a dominant market in Europe, with the highest rates 
in Finland (86%), Sweden (75%) and United Kingdom (69%) (IEA, 2019d). In Australia, 52% of 

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Australia Canada China Finland

France Germany India Japan

Korea Netherlands New Zealand Norway

Portugal Sweden United Kingdom United States



19  

electric vehicles stock in 2018 were PHEVs.  

The availability of all-EV models varies in major EV markets. The European Union and the United 
States offer 32 and 16 models, respectively (IEA, 2019d). A wide range of models (over 100) is 
available in China, which reflects the large size of the market and high fragmentation in terms of 
automakers. In China, about 90% of very small vehicles sold in 2018 were all-EVs, up from 39% in 
2016 (IEA, 2019d; Marklines, 2019). This section of the market had significant growth due to 
consumer preferences for vehicles with low daily driving ranges and substantial Chinese 
government subsidies to make the cost of purchase comparable to internal combustion engine 
vehicles (IEA, 2019d).  

Despite a consistent decline in the Australian new vehicles market of - 7.8 % in 2019,   the Australian 
EVs market recorded a fast growth rate (200% in comparison to 2018) (Electric Vehicle Council, 
2020b). Currently, the Australian market offers 28models of EVs; 16 of those are PHEVs, and the 
rest are all-EVs. It is expected that the development of fuel efficiency standards and policy could 
lead to further improvements in the availability of EV models (Electric Vehicle Council, 2020b). 

In Australia, the leading users of EVs in 2018 were businesses which bought 63% of total EVs 
(Electric Vehicle Council, 2019). Although there are some governmental EVs targets (e.g., a 10% 
target in NSW) the Government only made up 4% of EVs market. However, there are differences 
across Australian states. The largest number of EVs is currently in use within Victoria, while there 
have been significant increases within the Australian Capital Territory vehicle market (i.e., for every 
10,000 newly sold vehicle 83 in the ACT were EVs).  

The development of the EVs will have to be closely monitored given the Covid-19 situation. The 
development is dependent on governmental subsidies, the development of public charging 
infrastructure (up 400% since 2017), and consumer preferences which will also depend on fuel 
price recovery and consumer spending post Covid-19.  
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Constraints in the EV market 
The key challenges related to the acceptance of EVs globally are economic constraints such as cost 
concerns (e.g., high purchase cost), operational and technical constraints (e.g., limited supply of 
electricity, scarce raw materials and battery sizes), information uncertainty and lack of trust mainly 
in terms of environmental benefits (Biresselioglu et al., 2018). In Australia, the most important 
constraints are high upfront costs of the vehicles and charging equipment; limited driving range; 
and limited available models in the market (Electric Vehicle Council, 2019). 

International evidence suggests that another barrier hindering EV market penetration is the social 
acceptance of EVs in comparison to internal combustion engine vehicles. The advanced 
technological development of internal combustion engine vehicles, the limited availability of 
choices and functionalities of EVs (e.g., in terms of lower driving range) limits their uptake 
(Biresselioglu et al., 2018). Poor acceleration performance and requirements to plan the journey 
(e.g., to access charging stations) are other concerns (Biresselioglu et al., 2018). These barriers also 
apply to the Australian EVs market. 

Limited information is also a major obstacle in EVs market globally. Potential users do not have 
enough information in terms of EVs facilities, charging availability, and vehicle driving range 
(Biresselioglu et al., 2018). They are doubtful about battery life and possible replacement costs 
which impacts purchase decisions. Users have also limited knowledge regarding various 
governmental subsidies, cost of ownership, how much electricity is required, and cost of recharging 
vehicle prevents the appropriate calculation of cost-benefit. Information on reduced recharging 
costs for using night rates, free electricity at some workplaces, or the option of selling surplus energy 
to the electricity grid promotes the competitiveness of EVs in terms of long-term running costs. 
Potential users may also not be aware of the extent of emission abatement and environmental 
benefits. Information sources are at times confusing and providing conflicting information. 
Policymakers, automakers, and energy providers have critical roles to offer understandable, 
accessible, and transparent public information to advocate a true understanding of the benefits of 
EVs. The potential EVs users and vehicle importers in Australia face similar constraints; there is a 
lack of centralised and relevant trusted information to estimate the total cost of ownership; and a 
lack of a collective industry discussion to prioritise EVs (Electric Vehicle Council, 2019). Another 
minor issue has been the concern around safety due to a lack of motor sounds (Biresselioglu et al., 
2018). However, this might be easily overcome as society gets used to vehicles approaching. These 
barriers also apply to the Australian EVs market. 

While several constraints exist, the main obstacle appears to be the high purchase cost and not 
benefits associated with the low emissions levels. In Australia, the lack of significant government 
support for low/zero-emission vehicles, including financial and non-financial incentives and public 
infrastructure is a key barrier in the uptake of EVs. Government policy measures can support the 
uptake of EVs by increasing demand and the value proposition of low/zero-emission vehicles and 
fuels (Electric Vehicle Council, 2019). Governmental policies can play an important role in 
enhancing uptake in various ways. Some examples include direct purchase subsidies, development 
in recharging infrastructures, implementation of incentives such as GHG differentiated vehicle 
registration, application of tax exemptions and credits, investment in R&D. The policies can also 
narrow the cost gap between EVs and internal combustion engine vehicles through the deployment 
of higher taxes and limitations on internal combustion engine vehicles, and the application of fossil 
fuel taxes. However, in Australia, the lack of a national policy framework and fuel efficiency 
standard have limited the stimulation of electric vehicles (Electric Vehicle Council, 2019). 

Lower levels of uncertainty and a higher level of awareness around costs and benefits are 
fundamental to the success of EVs market. The gap between perceptions and expectations must 
decline to boost the interest in EVs purchase (Biresselioglu et al., 2018). The social acceptance of 
EVs by the public, as well as battery and vehicle leasing schemes, reflect the noteworthy influential 
factors to alter potential users’ consumption preferences.  
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Public policies and the 
development of electric mobility 
Public policies have a key role in the uptake of EVs (IEA, 2019d). They include a set of EV 
deployment initiatives and restrictions on the production of internal combustion engine vehicles, 
development of EVs and charging infrastructure standards, encouragement for carmakers to 
expand the availability of EVs model and advancement in battery technology, provision of 
accessible public charging infrastructures and purchasing plans to spur demand. Effective 
standards eliminate the uncertainty of investment in EVs market. Policy measures that support and 
promote the scaling up of EVs include zero/low emissions vehicle mandates, fuel economy 
standards and growth in public procurement programs (IEA, 2019a).  

Several ambitious policy instruments are available to promote the deployment of EVs; however, the 
most efficient ones are direct financial incentives, such as purchase rebates, discounted registration 
fees, and stamp duty exemptions (IEA, 2019a). Financial incentives can be combined with non-
financial incentives (e.g., transit lanes) to boost the value proposition of EVs. Nonetheless, the 
success of policies and policy instruments requires the development of a comprehensive framework 
coupling demand and supply tools and efficiently coordinating users, automakers, service 
providers, power system and distribution network operators, mobility and urban planners in a 
long-term approach. 

The global EV market in 2018 saw a high growth rate as a result of direct policy action but also 
technological progress in many regions and countries (IEA, 2019a). Leading countries in the EV 
market (such as Norway) supported EV uptake through early policy incentives, initiatives and 
instrument development, and are now gradually shifting to other aspects of support (e.g., free 
parking) (IEA, 2019d). 

EV policy developments in leading regions and countries 
In China, the central government has set several EV policies and initiatives, including an initiative 
to bring 5 million EVs on the roads by the end of this year (2020), an investment ban on new 
internal combustion engine vehicles and government fleet passenger vehicle target (50% EVs by 
2021) (Hart, Jiayan Z., & Jiahui, 2018; IEA, 2019d; Sandalow, 2019). Policy instruments vary and 
have included exemptions from sales and consumption tax (10%), discounted registration feed, 
production subsidies (about USD 1,200 to USD 3,200 depending on the vehicle range), as well as 
zero-emission vehicle mandates for automakers and importers, requiring them to allocate a certain 
% of production to EVs (10% in 2019, 12% in 2020).  

At the provincial and municipal levels, the Chinese government incentivises the development of 
charging infrastructures through financial subsidies and the requirement to provide EV charging 
at buildings (Sandalow, 2019). Other non-financial incentives include preferential access to license 
plates (for internal combustion engine vehicles the access to license plates can take years in Beijing, 
and the cost is more than $12,000 in Shanghai), free and privileged parking access, and waived 
restrictions on driving on certain days (which is a common restriction in most large cities in China 
for internal combustion engine vehicles) (Sandalow, 2019). 

In Europe, the European Commission decided to fully move to zero-emission vehicles by 2050. 
To achieve this zero-emission goal, the European Parliament and Council recently agreed on a 
Clean Vehicles Directive, which encourages green mobility in public procurement plans (European 
Union, 2020). They also introduced fundamental policy measures, including the charging 
requirements in buildings and parking (i.e., the Energy Performance Buildings Directive), 
accessibility of public charging stations, fuel economy standards, and GHG emissions standard for 
LDVs (IEA, 2019d). All major European countries have set additional national policies to promote 
the uptake of EVs.  
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For example, the Norwegian parliament agreed to fully move to zero/low emissions vehicle by 
2025 (Kristensen, Thomassen, & Jakobsen, 2018). To accomplish the goal, several policies and 
instruments were deployed, including tax incentives (no purchase/import taxes and discounted 
value-added tax rates-25%), free toll, fuel tax, road tax exemption, discounted ferry fares, funds for 
technological development, provision of grants for the development of charging infrastructures, 
accessibility of parking with charging infrastructure and access to bus lanes. Norway continuously 
reviews the support policies makes changes where needed. Nevertheless, the main reason for 
Norway’s success is not only the comprehensive policy framework but also the stability of initiatives 
despite changes in governments over time.  

The share of EVs in New Zealand was 2.8% in 2019, about 2.5 times more than Australia and it is 
predicted to rise further. New Zealand joined the Electric Vehicles Initiative in 2018 and developed 
various policies to stimulate the electrification of its transport sector. The policies include raising 
public EV awareness, development of a Low Emissions Vehicles Contestable Fund, tax concessions, 
provision of funds to support both technological advancement and investment in charging 
infrastructures, and 100% clean public procurement plan by 2025/26 (IEA, 2019d).  

Australia has lagged in the uptake of EVs because of a lack of EV policy leadership. Although 
recently Australia has introduced Future Fuels Fund to support the development of charging 
infrastructure, it does not have a national electric vehicle policy - the essential tool for the success 
of EVs market (Electric Vehicle Council, 2020b). The Senate Select Committee on EVs issued its 
report to support the implementation of national electric vehicle polices in January 2019. The 
committee emphasised that uptake of EVs would have multiple benefits including, environmental, 
social and health, reputational and financial advantages, for example, by the creation of production 
and installation of charging infrastructure opportunities. The federal government is implementing 
a strategy in this area that direct and integrate the development of robust policies by state and 
territory governments. 

The position of state and territory governments would be critical to speed up the 
electrification of mobility (Electric Vehicle Council, 2019). Some policies exist (see table 8); 
however, these are not comprehensive and consistent across states and territories.  

 
Table 8: Australian states and territory government’s policies to 

support the EV market 
States and territories WA ACT NSW NT QLD SA TAS VIC 

Overarching EV policies

Vehicle Emission 
Standards 

x x x x x x x x 

Building code 
amendment (to support 
charging) 

x  Under 
review 

x x x x x 

Government fleet 
passenger vehicle target 

x
All newly 
leased

 x    x

Adopt charging standard x x  x x x x x


Financial incentives

Direct vehicle subsidy x x x x x x x x
Toll discount x x x x x x x x
Preferential parking 
access/discounted rates 

x Under review x x x  x x

Stamp duty 
exemption/discount  

x
Zero stamp 

duty 
x x

Discounted 
rate

x x
Discounted 

rate
EVs registration 
exemption/discount 

x 20% discount 
20% 

discount
Discounted 

rate
Discounted 

rate
x x $100

Luxury car tax exemption 
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States and territories WA ACT NSW NT QLD SA TAS VIC 
Public EV charging 
investment 

x   x    

Charging infrastructure 
incentives 

x  x x   x 

Discounted/free public 
charging 

x x x x x  x x



Non-financial incentives

Public education 
campaign 

x   x    x

Drive-in transit lanes x Until 2023 x x x x x x
Initiatives to increase EV 
awareness and 
experience 

x x  x   x 

Developing guidelines for 
the installation of 
charging 

x x  x x x x x
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Changes required to substantially 
lower the CO2 emission impact of 
vehicles 

 
Vehicle ownership, how often the vehicle is used, and the share of other modes of transport in a 
persons’ commute depends on many factors. The price of vehicle and cost of driving; accessibility, 
fare charges and quality of public transport; geographical, climatic and physical conditions; and 
social patterns are all critical factors (Yan & Crookes, 2009). The below section provides possible 
changes at government, production, and consumption level that can help to reach a lower amount 
of GHG emissions in the LDVs market. 

Possible changes at government level 
Supportive, robust, and integrated policies are fundamental to the uptake of EVs, which can help 
to reduce the cost gap, to develop the charging infrastructures and to transit smoothly to electric 
mobility. While governmental policies (e.g., fuel tax to encourage the shift to zero-carbon fuel 
types) can be implemented at the end-user level, it is also essential to examine options for 
supporting the research and development of alternative solutions (Chapman, 2007). Options 
include incentives and policies to promote zero/low emission vehicles, such as compulsory electric 
vehicle targets and GHG emissions standards, which make automakers to manufacture, and car 
users to buy environmental-friendly vehicles.  The government can stimulate the zero/low 
emission vehicle market by enhancement of the public awareness about the environmental and 
financial benefits of these types of vehicles and by the provision of financial and non-financial 
incentives (Climate Council, 2016). Also, insufficient refilling infrastructure is one of the main 
challenges for zero/low carbon vehicles. Widespread uptake of EVs will require investments in 
refilling fuel infrastructures for zero/low carbon vehicles (Ogden et al., 2018). For EVs to be 
more sustainable, a transition to a low carbon energy sector is required. 

In addition to encouraging EV use, a major modal shift towards public transport is essential 
to reduce GHG emissions from the transport sector (Chapman, 2007). The likelihood of changes in 
travel habits depends on the cost, attractiveness of available transport alternatives, programs and 
policies that impact travel behaviour (Climate Change Authority, 2020). Buses and trains offer 
apparent options, as well as zero-carbon cycling and walking. However, the share of public 
transport (bus and train) in Australian capital cities is low (from 14.6% in Sydney to 3.8% in Hobart) 
(Beggs et al., 2019). Policies will facilitate the change to other modes of transport but will probably 
fail unless substantial investments are made (e.g., development of quality bus corridors; priority 
routes linked to park and ride schemes; priority treatment at intersections; more frequent services; 
real-time passenger information systems; facilitation of smoother integration with other transport 
networks; reallocation of road space to public transport, cyclists and pedestrians; subsidisation of 
flat fare schemes; and improvement of CCTV to ensure personal safety) (Chapman, 2007). 
Attractive solutions include those that allow the end-user to flexibly combine car use with public 
transport alternatives (e.g., commuter car parks or car-sharing arrangements). 

A widely used strategy in overseas markets has been to promote the use of public transport by 
reducing the affordability of vehicle ownership through different types of indirect taxation, 
for instance, registration taxes and fuel taxes. In Norway, the registration tax is based on CO2 and 
N2O emissions, engine size, and vehicle weight (IEA, 2017b). Fuel taxes have a crucial effect on 
GHG emissions, impacting both demands for travel and the technologies used by automakers 
(International Transport Forum, 2009). Other strategies have been higher parking fees, road toll 
or distance-based fees, where drivers are charged based on the route driven and the time of day 



25  

(Chapman, 2007); however, their success critically depends on suitable alternatives. 

Lastly, congestion increases GHG emissions. Enhancement of junction, speed optimisation, and 
active traffic management systems help with the reduction of congestion significantly (Asian 
Development Bank, 2010). The application of congestion charging systems is an approach to 
manage congestion. This system in Singapore and London have decreased traffic congestion by 
40% and 30% respectively, offset by increased bus use (Chapman, 2007). Also, intelligent transport 
systems (ITS) help to reduce congestion and optimise fuel consumption by better management of 
transport use and logistics (Climate Change Authority, 2020).  

Possible changes at the production level  
Technological advancement plays a fundamental role in the reduction of carbon emission from the 
transport sector (Chapman, 2007). Various solutions can help automakers to reduce the fuel 
consumption and GHG emissions of their products, including the production of more fuel-efficient 
vehicles, vehicles with carbon-neutral alternative fuels, also, utilisation and improvements of 
vehicles design. 

Gradually, vehicles are designed and produced with a focus on fuel efficiency, enhanced engine 
performance, and lightweight design to reduce power needs (Chapman, 2007). More specifically, 
solutions to lower the energy and carbon intensity of vehicles could include improving 
aerodynamics, moving from manual to automatic transmissions, lowering rolling resistance, 
implementing technologies that improve the efficiency of internal combustion engines, including 
exhaust heat recovery and hybridisation (IEA, 2017b), using lightweight materials, increasing 
freight load factors and passenger occupancy rates, deploying new technologies, replacing oil-based 
fuels with bio-methane, biofuels, natural gas,  hydrogen or electricity (Chapman, 2007; IPCC, 
2014), and including eco-driving and fleet operator driver behaviour monitoring systems (Asian 
Development Bank, 2010). 

Automakers can promote the most efficient vehicles to overcome the uncertainty and imperfect 
information of car users. Car labelling is an approach to raise public awareness. Also, targeted 
marketing may encourage buyers to buy smaller, environmental-friendly vehicles and change 
purchase behaviour (IPCC, 2014). 

Possible changes at the consumption level  
Transport policies can help to enhance behavioural change by increasing the attractiveness of 
alternative zero/low emissions vehicles (Chapman, 2007). For example, high occupancy vehicle 
lanes policy encourages car users to share the trip and carpool (Li, Zhao, & Brand, 2018). Other 
behavioural changes include tackling empty running of freights by new technologies (e.g., 
combining larger vehicles with efficient vehicle loading), changing purchase behaviour towards 
smaller and environmental-friendly vehicles, ecological driving, and walking and cycling as a zero-
carbon solution for transport. 

Although walking and cycling are environmental-friendly transport modes, they have dropped 
significantly over the last years. This drop clearly shows the increase of affordability of a vehicle, 
and several sociological and psychological factors including preferences for individual car 
ownership and associated benefits (e.g., flexibility, safety, and so on) (Chapman, 2007). 

Ecological driving can help to save 5-10% energy for LDVs (IPCC, 2014). Fuel efficiency 
improvements from eco-driving can be achieved by using higher gears, avoiding harsh acceleration 
and braking, regularly keeping the car serviced, correcting tyre pressures, switching off the engine 
when idling, and observing speed limits (Barth & Boriboonsomsin, 2009). Moreover, the 
development of communications technology such as email, internet, and video conferencing can 
facilitate remote communication and reduce the level of commuting. For instance, during the 
current COVID-19 situation, work from home became a norm and travel plans dropped, GHG 
emissions predicted to decline 0.3% globally (Peters, 2020). 
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The above-mentioned recommended approaches, technological and behavioural change, can 
decrease the use of fossil fuels, and thus GHG emissions in the transport sector. The development 
of new technology to provide solutions is comparatively expensive, complicated and slow. In the 
meantime, the development of policies to change purchase behaviour and travel habits help to 
deliver the solutions for the increased use of vehicles, and the preference to purchase bigger vehicles 
(e.g., sport utility vehicles) (Chapman, 2007). Policies will build the confidence that automakers 
need to invest in new technology and mitigate car user risk aversion to pay for energy efficiency 
(International Transport Forum, 2009). In the long term, significant technological progress is 
being made in reducing emissions on new cars, by, for example, the enhancement of energy 
efficiency and research and development in new fuel types. 
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Case Study: Reducing the carbon 
footprint of a vehicle fleet 

 

This case study illustrates how it is possible to reduce the carbon footprint of a fleet by tackling 
directly the 𝐶𝑂  emitted per kilometer through the replacement of vehicles with similar ‘cleaner’ 
alternatives. Thus, we assume that the decision on the composition of a vehicle fleet will include, 
amongst other factors, the amount of 𝐶𝑂  emitted per kilometer driven and the total distance 
travelled by each vehicle.  

In the following, we assume that a client of a major fleet management and vehicle leasing provider 
is willing to replace a significant share of their fleet with similar vehicles that emit less 𝐶𝑂  per 
kilometer. We use the specifications provided by JATO, a global supplier of automotive business 
intelligence and vehicle specifications.4 The JATO database also provides an estimate of the grams 
of, 𝐶𝑂  emitted per kilometer driven for a vehicle.  

Having a fleet composed by greener vehicles, has the following impacts on the carbon footprint of 
the vehicle fleet: 

1) First, there is a direct reduction in the 𝐶𝑂  emissions of each vehicle and therefore in the total 
carbon footprint of the fleet (environmental impact).  

2) Second, this reduction in emissions could possibly also translate into monetary savings if a price 
on carbon is considered (financial impact).  

3) Finally, the carbon footprint reduction improves the ranking position of the fleet in a universe 
composed of similar fleets (reputational / business leadership impact).  

 
 

In the following, we consider a fleet composed of 309 vehicles divided into the following categories 
(see Table 9). 

 

 
Table 9: Fleet composition by vehicle category, fuel type and average 
JATO specification for each category, i.e. how many grams of 𝐂𝐎𝟐 are 

emitted for every kilometre driven. 
VEHICLE 
CATEGORY 

UNLEADED AVERAGE GRAMS 
OF CO2/KM (JATO) 

DIESEL  AVERAGE GRAMS 
OF CO2/KM (JATO) 

MEDIUM 227 143 0 n/a 
SUV COMPACT 31 169 2 162 
PICKUP 13 259 6 223 
LARGE 16 213 0 n/a 
SUV LUXURY 1 209 4 177 
SMALL 3 115 0 n/a 
SUV MEDIUM 5 230 1 209 

 

This fleet is composed of 227 Medium, 33 SUV Compact, 19 Pickup, 16 Large, 5 SUV Luxury, 3 

 
4 See https://www.jato.com/ for further details on provided automotive business intelligence and vehicle specifications. 
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Small, and 6 SUV Medium; 296 Vehicles use unleaded fuel and 13 use diesel. Table 9 summarizes 
the average  𝐶𝑂  emissions per km for each vehicle category according to JATO. As expected, Pickup 
vehicles, on average, produce more grams of 𝐶𝑂  per km than the other vehicle categories. The fleet 
can also be broken down into individual vehicle models. For every vehicle there is also an associated 
JATO specification providing carbon emissions. Table 10 illustrates in more detail the fleet 
composition, providing vehicle models of the fleet as well as 𝐶𝑂  emitted per km driven for each 
vehicle model. 

The vehicle model with the highest average JATO is the Toyota Hilux, having an emission of 248 g 
of 𝐶𝑂 /km.  The JATO specification for the other vehicles ranges from 115 to 234 g of 𝐶𝑂 /km, 
while the model-weighted average carbon footprint would be 158.2 g of 𝐶𝑂 /km if each vehicle had 
been driven for the same amount of kilometres. 

 
Table 10: Fleet composition by vehicle model, average carbon 

emission (g of 𝑪𝑶𝟐/km) according to the specification provided by 
JATO for each vehicle model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The actual fleet 𝐶𝑂  footprint can be computed using the JATO specification and the distance 
travelled by each vehicle. In the following we apply a time horizon of one year. Then for each vehicle, 
the 𝐶𝑂 -e is computed by multiplying the distance travelled over the last 12 months by the g of 
𝐶𝑂 /km specification for the vehicle. The results can be summarised as follows: 
 
Total km travelled: 20,139,032 km (corresponding to 65,174 km for each vehicle on average) 
Total 𝑪𝑶𝟐 emissions: 3,415.6 tonnes  

Then, the fleet 𝐶𝑂  footprint correspond to the ratio between the total 𝐶𝑂 -e and total km travelled: 
Fleet 𝑪𝑶𝟐 footprint: 169.6 g/km 

  

VEHICLE MODEL NUMBER OF VEHICLES AVERAGE GRAMS OF 
CO2/PER KM (JATO) 

TOYOTA CAMRY 202 145 
TOYOTA HYBRID CAMRY 24 121 
TOYOTA RAV4 29 167 
TOYOTA HILUX 18 248 
TOYOTA AURION 12 215 
HOLDEN COMMODORE 4 207 
BMW X5 2 176 
VOLKSWAGEN TOUAREG 1 196 
NISSAN X-TRAIL 2 192 
MAZDA CX-5 1 149 
MERCEDES BENZ GLE-CLASS 1 159 
PORSCHE CAYENNE 1 209 
TOYOTA COROLLA 3 115 
TOYOTA KLUGER 5 230 
FORD RANGER 1 234 
HOLDEN CALAIS 1 212 
HOLDEN CAPTIVA 1 209 
KIA SPORTAGE 1 182 



29  

Replacing vehicles with greener alternatives 
 

Let us now assume that the client decides to replace a significant share of the vehicles with a greener 
alternative. Except for the case of the Toyota Aurion, the Toyota Kluger, the Holden Commodore, 
and the Volkswagen Touareg where greener alternatives have not been provided, every other vehicle 
is replaced with an alternative that has a significantly lower 𝐶𝑂  footprint.5 The composition of the 
replacement greener fleet is reported in Table 11. 
 

Table 11: Composition of greener fleet by vehicle models and the 
average carbon emission (g of 𝑪𝑶𝟐/km) according to the 

specification provided by JATO for each model. 
GREENER MODEL QUANTITY AVERAGE GRAMS OF 

CO2/PER KM (JATO) 
TOYOTA CAMRY 226 96 
TOYOTA C-HR 24 97 
TOYOTA RAV4 9 109 
TOYOTA HILUX 19 207 
TOYOTA AURION 12 215 
HOLDEN COMMODORE 4 207 
LAND ROVER RANGE ROVER 
SPORT 

2 64 

VOLKSWAGEN TOUAREG 1 196 
VOLVO XC60 1 148 
TOYOTA PRIUS 3 80 
TOYOTA KLUGER 6 227 
BMW X6 1 159 
VOLVO V40 CROSS COUNTRY 1 161 

 
The proposed greener fleet is composed of vehicles having similar characteristics and JATO 
specification lower or equal to the one of the original fleet. Then the new fleet has a reduced carbon 
footprint of 110.9 g of 𝑪𝑶𝟐/km in comparison to 169.6 g of 𝑪𝑶𝟐/km. In the following, to quantify 
the possible reduction in the carbon footprint of the fleet, we assume that there is no change in kms 
driven for the fleet, i.e. each ‘greener’ replacement vehicle travels the same amount of kms as its 
original counterpart.  

Then switching to the greener fleet reduces the carbon footprint of the client: total 𝐶𝑂 -e decrease 
from 3,416 tonnes of 𝐶𝑂 -e to 2234 tonnes of 𝐶𝑂 -e, implying a total reduction of 1182 tonnes of 
𝐶𝑂 -e or approximately 34% of the original 𝐶𝑂  emissions. This carbon reduction can also translate 
into monetary savings under the assumption of an applied carbon price. In the following we assume 
three different scenarios for a price of carbon: 

 
5 The Toyota Camry is replaced with a Toyota Camry (145 g of 𝐶𝑂 /km vs. 96 g of 𝐶𝑂 /km), the Toyota Hybrid Camry is 
replaced with a Toyota Camry (121 g of 𝐶𝑂 /km vs. 96 g of 𝐶𝑂 /km), some of the Toyota Rav4 are replaced with Toyota C-
HR (162 g of 𝐶𝑂 /km vs. 97 g of 𝐶𝑂 /km), some of the Toyota Rav4 are replaced with Toyota Rav4 (198 g of 𝐶𝑂 /km vs. 
109 g of 𝐶𝑂 /km), the Toyota Hilux is replaced with a Hilux 4 (248 g of 𝐶𝑂 /km vs. 207 g of 𝐶𝑂 /km), the BW X5 is replaced 
with Land Rover Range Rover Sport (189 g of 𝐶𝑂 /km vs. 64 g of 𝐶𝑂 /km),  the Nissan X-Trail is replaced with Toyota 
Rav4 (192 g of 𝐶𝑂 /km vs. 109 g of 𝐶𝑂 /km),  the Mazda CX-5 is replaced with Toyota Rav4 (149 g of 𝐶𝑂 /km vs. 109 g of 
𝐶𝑂 /km), the Mercedes Benz GLE-CLASS is replaced with Volvo XC60 (159 g of 𝐶𝑂 /km vs. 149 g of 𝐶𝑂 /km), the Porche 
Cayenne is replaced with Land Rover Range Rover Sport  (209 g of 𝐶𝑂 /km vs. 64 g of 𝐶𝑂 /km), the Toyota Corolla is 
replaced with Toyota Prius (115 g of 𝐶𝑂 /km vs. 80 g of 𝐶𝑂 /km), the Ford Ranger is replaced with Toyota Hilux (234 g of 
𝐶𝑂 /km vs. 223 g of 𝐶𝑂 /km), the Holden Calais is replaced with Toyota Kluger (212 g of 𝐶𝑂 /km vs. 212 g of 𝐶𝑂 /km), 
the Holden Captiva is replaced with BMW X6 (209 g of 𝐶𝑂 /km vs. 159 g of 𝐶𝑂 /km), and the Kia Sportage is replaced with 
Toyota C-HR (182 g of 𝐶𝑂 /km vs. 97 g of 𝐶𝑂 /km). 
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1) A low carbon price of $20/ton of 𝐶𝑂 . This price is in the range of the quoted price by a number 

of carbon offset providers and is close to the price of carbon that had been used by the Australian 
Government for the Clean Energy Act for the July 2012 - June 2014 period.6 

2) A medium carbon price of $50/ton of 𝐶𝑂 . This price is at the lower end of the price range that 
has been proposed for 2020 (US$40/t CO2-e to US$80/t CO2-e) as being consistent with 
delivering on the Paris Agreement. This price is also similar to the “GHG Project Screening 
Value” (PSV) applied by Shell to all new and existing projects of all sizes and types across all 
regions of operation. 

3) A high carbon price of $100/ton of 𝐶𝑂 . This price is at the medium of the range that has been 
proposed for 2030 (US$50/t CO2-e to US$100/t CO2-e) as being consistent with delivering on 
the Paris Agreement. A carbon shadow price in this range has also been suggested by some 
major energy or mining companies (e.g., Origin, Santos or Rio Tinto).  

 

Table 12: Carbon cost and savings under three possible pricing 
regimes for both the original and the greener fleets. The carbon 

price varies from low range ($20 per ton) to medium ($60 per ton) 
and high ($100 per ton). 

 
FLEET LOW CARBON 

PRICE ($20 PER 
TON) 

MEDIUM 
CARBON PRICE 
($60 PER TON) 

HIGH CARBON 
PRICE ($100 PER 

TON) 
ORIGINAL $68,312 $204,936 $341,560 
GREENER $44,670 $134,010 $223,346 
CARBON SAVING $23,642 $70,926  $118,214 

 
 

Table 12 illustrates that depending on the assumed carbon price, switching to the greener fleet could 
save between $23,642  (for the low carbon price scenario of $20/ton of 𝐶𝑂 ), $70,926 (for an 
assumed carbon price of $60/ton of 𝐶𝑂 ), up to $118,214 (for a high carbon price scenario of 
$100/ton of 𝐶𝑂 ) over a 12-month period.  

Finally, the reduction in 𝐶𝑂  emissions could also be related to the footprint of the fleet in a universe 
of clients. To do this, it is possible to compare the fleet’s 𝐶𝑂  footprint with those of other fleets. 
Consider, for example, a universe composed of clients with existing contracts with a major fleet 
management and vehicle leasing provider. The universe is composed of approximately 1,500 clients 
and a total of approximately 45,000 vehicles. For every client in this universe we can compute the 
total kms travelled, the total 𝐶𝑂 -e and the fleet 𝐶𝑂  footprint. Then, comparing the 𝐶𝑂  footprint 
of a chosen fleet with the footprint of other fleets in the universe will provide a picture on how well 
such a fleet positioned itself in comparison to other clients. The picture below shows the position 
of the fleet we just analyzed with respect to the fleet universe of approximately 1,500 clients. 

 
 
 
 

 
6 A carbon price of $23/ton of 𝐶𝑂  was applied for the 2012-13 financial year, while a price of $24.15/ton of 𝐶𝑂 was 
applied for the 2013-14 financial year. The intended price for the 2014-15 financial year was over $25/ton of 𝐶𝑂 , but the 
scheme was abolished beforehand. 
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Figure 3:  𝑪𝑶𝟐 footprint ranking of clients. The fleet originally has a 

carbon footprint of approximately 170 g of 𝑪𝑶𝟐/km, clients with 
lower 𝑪𝑶𝟐 footprint are depicted in green, while those with a higher 

𝑪𝑶𝟐 footprint in red. 

 
 
Figure 3 shows the 𝐶𝑂  footprint of every client in the customer universe. Clients with a lower 𝐶𝑂  
footprint than the considered fleet are depicted in green, while those with a higher 𝐶𝑂  footprint 
are depicted in red. The graph also tells that approximately 10 other clients have a similar 𝐶𝑂  
footprint. Knowing the position of the fleet in the universe, it is also possible to ‘rank’ it in 
comparison to other fleets. This fleet ranks 19.6%, i.e. on average 19.6% of the clients have lower 
CO  emissions per kilometre and 80.4% have higher CO  emissions per kilometer, as shown in 
Figure 4. 

 
Figure 4:  𝑪𝑶𝟐 footprint ranking of clients belonging to the customer 

universe. 19.6% of clients have lower 𝑪𝑶𝟐 emissions per kilometre 
and 80.4% have higher 𝑪𝑶𝟐 emissions per kilometre. 

 
 

The reduction in the total 𝐶𝑂 -e also affects the fleet ranking. The reduction in the total 𝐶𝑂 -e, 
implies that the fleet footprint is now 110.9 g of CO /km (58.7 g of CO /km less than for the original 
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fleet). Thus, the customer would also significantly improve its ranking in the universe of clients.  

As illustrated by Figure 5, the green area (or the number of fleets with a lower carbon footprint, that 
is, lower CO /km emissions) than the considered customer has been reduced. Moreover, the greener 
fleet would have a ranking of 2.7%, meaning that customer would improve its ranking from being 
in the top 20% of customers with the lowest CO /km emissions to being in the top 3% of with the 
lowest CO /km emissions. 
 

Figure 5:  𝑪𝑶𝟐 footprint ranking of 1662 clients belonging to the 
universe. Switching to a greener fleet would improve the fleet’s 

ranking from being among the 19.6% cleanest fleets to being among 
the 2.73% cleanest fleets. 
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Summary of case study results 
 
 
To summarize, the client’s carbon footprint can be considerably reduced by switching to a 
greener fleet.  
 
1) The customer reduces the carbon footprint from 169.6 g of CO /km by approximately 

34% to 110.9 g of CO /km when switching to the cleaner fleet.  
2) For an assumed carbon shadow price of $20/ton of CO  this corresponds to a saving of 

$23,642 over a 12-month period. For an applied carbon price of $100/ton of CO  
savings would even accumulate to $118,214 over a 12-month period 

3) The customer significantly improves its relative ranking based on the carbon footprint 
of all fleets. Based on CO /km emissions, the customer is now ranked in the top 3% of 
fleets with lowest emissions.
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