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ES1 Background and policy context 
This report describes a national cost-benefit analysis relating to the management of emissions from 

non-road diesel engines and equipment. The Department of Climate Change, Energy, the 

Environment and Water (DCCEEW), in cooperation with NSW Department of Planning and 

Environment (DPE), engaged EMM Consulting Pty Limited (EMM) to manage the study, with support 

from RPS Group, the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and the 

University of Sydney. 

The National Clean Air Agreement (NCAA) was established by Australia’s environment ministers to 

address the impacts of air pollution on human health and the environment. One of the priority 

actions of the NCAA work plan was the evaluation of a national approach to managing emissions 

from non-road diesel engines (‘the evaluation’). The evaluation was designed to improve the 

understanding of non-road diesel engines in Australia, and was separated into two main stages: 

• a market analysis, which included an engine stock model and initial emission calculations 

• a cost-benefit analysis (this report), which examined various ‘management scenarios’ for 

reducing emissions from non-road diesel engines in Australia. 

The findings from the evaluation will inform a recommendation to the environment ministers on 

whether to progress to a formal consideration of the management scenarios through a regulatory 

impact analysis. 

ES2 The need for government action 
Diesel engines are used in both road vehicles and non-road equipment. Around five million diesel 

road vehicles are currently registered in Australia. By comparison, in 2018 around 640,000 diesel 

engines were in use in non-road applications (excluding engines used in locomotives, 

international/interstate commercial vessels, aircraft and the defence sector). The non-road diesel 

stock is projected to increase to around 750,000 units by 2028, and to around 945,000 units by 2043. 

Non-road diesel engines are not manufactured in Australia; they are all imported, either as loose 

engines or already incorporated into equipment. In 2018 around 70,000 engines were imported into 

Australia with a combined market value of $1.9 billion. Most imported engines are new, although 



NRDE – cost-benefit analysis: Executive summary 

Department of Climate Change, Energy, the Environment and Water 

2 

some are reconditioned (both loose and incorporated engines). Engines are imported into Australia 

from approximately 25 countries; the major sources in 2018 were China (30%), the European Union 

(EU) countries (26%) and the United States (US) (22%). 

Non-road diesel engines differ from road vehicle engines in various ways. In particular, non-road 

equipment is more diverse, with applications including tractors, cranes, loaders, excavators, 

bulldozers, forklifts, pumps and generators. Non-road engines also have a broad range of capacity 

and rated power, from less than 1 kilowatt (kW) to more than 1,000 kW, and many are operated 

under steady-state conditions. Moreover, the spatial and temporal patterns of activity for non-road 

engines are less well understood, and more difficult to estimate due to the diversity of their 

application, than those for road vehicle engines. 

Diesel engines emit a large number of air pollutants, many of which can cause harm to human health 

and the environment. The first Australian emission standards for diesel road vehicles became 

effective in 1995, but there are no corresponding Australian emission standards for non-road diesel 

engines (an exception being engines in underground mines, which are covered by health and safety 

regulations). Australia is now lagging well behind other countries and regions in the control of non-

road diesel emissions. In particular, regulations for non-road engines have been in force in the US 

and the EU since the mid-1990s, and various other countries have also adopted the US or EU 

standards. The market analysis has shown that, in Australia, there has been a low passive uptake of 

engines meeting international emission standards. 

Government action is considered necessary to prompt and accelerate the uptake of lower-emitting 

non-road diesel engines in line with international approaches, with the purpose of minimising the 

health impacts, environmental impacts and cost of exhaust emissions. 

ES3 Purpose 
The purpose of the cost-benefit analysis was to assess the costs and benefits of two regulatory and 

one non-regulatory management scenarios. The analysis considered, in detail, the characteristics and 

emissions performance of the non-road diesel engine stock, the spatial and temporal distribution of 

emissions, the associated ambient air quality and health outcomes, and the effects of the 

management scenarios on these aspects. The costs and benefits of the management scenarios were 

then monetised. 

The cost-benefit analysis also involved an extensive process of stakeholder consultation which 

resulted in, among other things, a refinement of the data from the market analysis. 

In addition to the cost-benefit analysis, a non-road diesel ‘policy tool’ was developed to enable 

decision-makers to understand the potential implications of various alternative policy settings that 

could not be investigated in the main analysis, although using a simplified and more indicative 

approach. The policy tool is described in a separate report. 

ES4 Scope 
ES4.1 Engines and equipment 
Emissions were calculated for 27 different equipment types. For consistency, the cost-benefit 

analysis used the definitions and stock data from the market analysis, which generally reflected the 
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emission regulations in the US and EU. For the cost-benefit analysis, the feedback from the 

stakeholder consultation was also taken into account to refine the stock. For each of the 27 

equipment types, the stock was broken down in terms of power band (10 categories for general non-

road engines and six categories for recreational boats), emission standard (six categories) and year of 

manufacture (age distribution over 40 years). Allowing for non-existent combinations in the real 

world, this equated to a total of 57,000 different cases. 

Broadly in line with the regulatory approach in the US, some types of engine and equipment were 

excluded from the analysis. These included diesel locomotives, marine engines > 130 kW, aircraft 

engines, underground mining equipment and engines used in the defence sector. Small marine 

engines (<130 kW), such as those used in pleasure craft, fishing boats and other smaller vessels that 

use domestic waters, were included in the analysis. In this report, these are referred to as 

‘recreational boats’. 

Each non-road diesel equipment type was also allocated categorically to one (or more) of six 

economic sectors which were broadly equivalent to ANZSIC divisions, or subsets thereof. These were 

agriculture and forestry, mining, manufacturing, commercial and services, construction and 

recreational boats. The economic sectors corresponded more closely to various statistical datasets 

used in the analysis, as well as emissions inventory data. 

ES4.2 Timeframe 
The cost-benefit analysis covered a 45-year period between 2018 and 2063. The most detailed 

emission calculations were conducted for three specific years (2018, 2028 and 2043) for which 

comprehensive stock data for non-road diesel engines were available. The extended timeframe out 

to 2063 was required for the economic modelling. There were two main reasons for this. Firstly, 

engines that would be purchased towards the end of the 2018-2043 period would remain in service 

for many years afterwards, and would have consequences in terms of costs and benefits beyond 

2043. Secondly, the health benefits of a reduction in emissions from non-road diesel engines would 

be gradually realised for a population by extending life expectancy, and therefore a significant 

proportion of the overall health benefit would accumulate after 2043. There would also be a lag 

between changes in exposure and changes in health outcomes. Health benefits would therefore 

actually peak well after 2043. Without the extended period in the analysis, the benefits of the 

management scenarios would have been truncated. 

ES4.3 Pollutants 
The cost-benefit analysis focussed on the pollutants nitrogen dioxide (NO2) and particulate matter 

with an aerodynamic diameter of less than 2.5 μm (PM2.5). Emissions were considered in relation to 

oxides of nitrogen (NOX, which include NO2) and PM2.5. These have been recognised as the most 

important air pollutants associated with diesel engines, and many studies have quantified their 

health impacts. The health modelling is also more robust for these pollutants than for others. 

Emissions of other pollutants from non-road diesel engines were also calculated, including carbon 

monoxide (CO), total hydrocarbons (THC), particulate matter with an aerodynamic diameter of less 

than 10 μm (PM10), sulfur dioxide (SO2) and carbon dioxide (CO2). However, these pollutants were 

not used in all subsequent stages of the analysis. 
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ES5 Scenarios 
Four scenarios were considered in the cost-benefit analysis: 

• BAU: business as usual. This scenario represented the expected evolution of the non-road diesel 

engine stock and emissions in the absence of any emission standards or other management 

approaches 

• MS1: industry agreement (non-regulatory). In this scenario, industry would, in cooperation with 

government, agree to meet targets for sales of new non-road diesel engines which align with 

international best practice emission standards (tier 4f) 

• MS2: phased standards (Commonwealth regulation). In this scenario, interim emission 

standards (tier 3) would be introduced as soon as practicable, with a subsequent transition to 

standards that align with international best practice emission standards (tier 4f) 

• MS3: best practice standards (Commonwealth regulation). In this scenario, emission standards 

that align with international best practice (tier 4f) would be introduced as soon as practicable. 

The BAU scenario described the composition of the stock in 2018, and the expected evolution of the 

stock and emissions between 2018 and 2043, in the absence of any Australian emission standards or 

any other government/industry approaches to reducing emissions. The effects of the management 

scenarios were examined relative to the BAU scenario. 

The effects of the management scenarios were only considered in terms of changes to the 

distribution of tiers in the stock over the timeframe of the cost-benefit analysis. Other factors, such 

as annual equipment usage and equipment lifetime, were retained from the BAU scenario, and there 

was no transfer of engines between equipment types and power bands. 

The cost-benefit analysis focussed entirely on diesel engines and fossil fuel. The BAU projections and 

management scenarios did not include any uptake of alternatives to fossil fuel, such as biodiesel, 

hybrids, plug-in hybrids, battery electric technology and hydrogen fuel cell technology. 

ES6 Methodology 
In a cost-benefit analysis, the market and non-market costs of implementing a particular policy, 

regulation or measure are weighed against the corresponding benefits. The methods that were used 

in this study to quantify costs and benefits are described in detail in the report, and are briefly 

summarised below. 

ES6.1 Costs 
In relation to the management of non-road diesel engine emissions, the costs included in the study 

were administrative costs, incremental capital costs and incremental operating costs. Administrative 

costs included development, administration and enforcement by government, and 

implementation/compliance by industry. Capital costs refer to the purchase of equipment that 

complies with specific emission standards. Operational costs included maintenance costs and 

changes to operating procedures. 
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ES6.2 Benefits 
The valuation of health benefits was complex, as it required an understanding of how reductions in 

emissions improved the health of the population, and the associated monetary savings. The accepted 

best practice for monetising the health benefits of emission reductions is referred to as the ‘impact 

pathway’ approach. Any changes in the stock are translated sequentially into changes in emissions, 

atmospheric concentrations, health outcomes and monetary benefits. In this study the impact 

pathway approach was used to evaluate the health benefits of the management scenarios for non-

road diesel engine emissions. 

The methodology involved the use of a state-of-the-art, ‘whole of Australia’ modelling approach, 

where the best available data on non-road diesel emissions, were combined with a national model of 

atmospheric concentrations and exposure – the CSIRO Chemical Transport Model (C-CTM). The C-

CTM simulations were conducted at three spatial resolutions – 27 km, 9 km and 3 km – with the 

highest resolution grid focussing on the regions of highest population density. 

For each scenario, the analysis involved the following main steps: 

1) calculation of emissions from non-road diesel engines, with detailed allocation in space and time 

2) calculation of emissions from other anthropogenic sources and natural sources, again with 

detailed allocation in space and time 

3) modelling of pollutant dispersion and chemistry in the atmosphere, with C-CTM characterising 

ambient concentrations at ground level, both with and without non-road diesel emissions 

4) calculation of exposure to air pollution from non-road diesel emissions, which involved linking 

spatial pollution data and population data. This resulted in population-weighted concentrations 

by geographical area 

5) calculation of the impacts of air pollution from non-road diesel engines on human health. These 

impacts were assessed in relation to premature mortality, expressed as years of life lost (YLL) 

6) valuation of the impacts of the management scenario on YLL, based on estimates of the 

‘willingness to pay’ for health outcomes. 

The most material benefit was the reduction in YLL, although it was also important to consider non-

mortality effects. Non-mortality benefits that were quantified in the study were reduced morbidity, 

reduced diesel consumption, reduced greenhouse gas (GHG) emissions, and increased productivity. 

ES7 Stakeholder consultation 
An important element of the cost-benefit analysis was an extensive and targeted process of 

consultation with stakeholders to further refine the engine stock data, activity data and assumptions 

from the market analysis (based on more realistic data), and to strengthen the definition of each 

scenario. The stakeholders involved in the consultation process included NSW DPE, major original 

equipment manufacturers (OEMs), suppliers/distributors, end users, industry associations and 

community groups. 
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ES8 Findings 
ES8.1 The nature of the problem 
Non-road diesel engines currently consume a volume of diesel that is comparable to that of diesel 

road vehicles, despite there being far fewer engines in use in the non-road sector (640,000 non-road 

diesel engines compared with around five million on-road diesel engines). 

In 2018, non-road diesel engines in Australia emitted 104 kilotonnes (kt) of CO, 19.5 kt of THC, 312 kt 

of NOX, 13.4 kt of PM10, 13.0 kt of PM2.5, 178 t of SO2 and 29.5 megatonnes (Mt) of CO2. Depending 

on how other emission sources are defined, and what is considered to be ‘anthropogenic’, non-road 

diesel is likely to be responsible for around 10-15% of national anthropogenic NOX emissions, up to 

5% of PM2.5 emissions, and around 1-2% of PM10 emissions. Non-road diesel engines accounted for 

approximately 5% of national GHG emissions in 2018. 

The atmospheric concentrations of NO2 and PM2.5 due to non-road diesel engines in 2018 resulted in 

a combined annual YLL for the whole of Australia of 5,387, equating to a cost to society of $1.6 billion 

(real 2021 prices). Despite the fact that emissions from non-road diesel engines occur mostly in rural 

and remote areas, the YLL of 5,387 in 2018 equated to around 9% of all YLL due to anthropogenic (all 

source) PM2.5 and NO2 concentrations in Australia. Health impacts and costs would continue to be 

incurred in future years. For example, the aggregated YLL for non-road diesel engines in the BAU 

scenario over the period 2018-2063, was 259,163. 

Consequently, emissions from non-road diesel engines, along with the associated health impacts and 

costs to society are currently a concern, and are likely to remain a concern in the future in the 

absence of any government action to manage them. 

ES8.2 Benefits of management scenarios 
The main results of the cost-benefit analysis, defined as the net effects of the management scenarios 

relative to the BAU scenario, are summarised at the national level in Table ES 1. 

By 2043, it was estimated that MS1 would reduce annual NOX and PM2.5 emissions by around 20% 

relative to the BAU scenario. MS2 would reduce emissions by around 40-50%, and MS3 by around 

45-60%. When aggregated over the period 2018-2043, the reductions in emissions would be 7-8% for 

MS1, 14-18% for MS2 and 20-22% for MS3. 

Due to the lag in health outcomes, the annual benefits of the management scenarios were greatest 

in the years after 2043. Over the full timeframe of the analysis from 2018 to 2063, the management 

scenarios reduced annual NRDE-attributable YLL by 6% for MS1, by 22% for MS2, and by 27% for 

MS3. 

The costs of the management scenarios over the full timeframe of the analysis ranged from $640 

million in MS1 to $3.0 billion in MS3. All three management scenarios resulted in a large total benefit 

over the full timeframe (between around $1.1 billion and $5.3 billion), and a large net present value 

(NPV). MS3 was estimated to deliver the greatest net benefit, with an NPV of $2.2 billion, compared 

with $1.6 billion and 470 million for MS2 and MS1, respectively. The main differences between the 

scenarios (and the NPV) were the amount of stock affected, and how quickly the impact on the stock 

occurred. Unsurprisingly therefore, the three scenarios resulted in a similar ratio of benefits to costs 
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(approximately 1.7). The most material contributors to costs and benefits were capital costs and 

mortality benefits, respectively. 

Table ES 1 Summary of cost-benefit analysis results (national level, non-road diesel only) 

Aspect Category Units Year(s) 

Net effect of management scenario 

(relative to BAU) 

MS1 MS2 MS3 

Emissions NOX kt 2018-2043 a,b -8% -14% -20% 

PM2.5 kt 2018-2043 a,b -7% -18% -22% 

Health 
outcomes 

Premature 
mortality 

YLL 2018-2063 a,b 
-6% -22% -27% 

Economics Total costs $M, PV 2018-2063 b,c 640 2,374 3,030 

Total benefits $M, PV 2018-2063 b,c 1,114 3,976 5,260 

Net present 
value 

$M 2018-2063 b,c 
473 1,602 2,230 

Benefit-to-
cost ratio 

n/a 2018-2063 b,c 
1.7 1.7 1.7 

a Aggregate over timeframe of analysis to 2043 (emissions were not calculated for 2043-2063). b Noting that the 

management scenarios have no effect between 2018 and 2026. c Incremental values for management scenarios. 

ES9 Next steps 
No decision has been made to implement a national approach to the management of emissions from 

non-road diesel engines. Environment ministers from all jurisdictions will review the cost-benefit 

analysis findings and decide whether to progress formal consideration of any potential regulatory 

implementation. 
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