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[bookmark: _Toc29394630][bookmark: _Toc25760867][bookmark: _Toc89421342][bookmark: _Toc111189322]Executive summary
Noxious emissions from road vehicles are a major source of air pollution, causing illnesses and premature deaths. While Australia has standards in place to limit these emissions, key vehicle markets in Europe, North America and Asia have introduced more stringent standards. As Australia accounts for less than one per cent of global heavy vehicle sales, it risks having reduced access to the latest vehicle technologies developed for these markets if it doesn’t adopt these more stringent standards for emissions.
Australia currently mandates the international Euro V noxious emissions standards for all heavy vehicles manufactured from 1 January 2011. This Regulation Impact Statement (RIS) evaluates whether the Australian Government should mandate the latest international standards for heavy vehicles, known as Euro VI. 
To inform and refine the options considered in this RIS, a draft RIS was released for broad public consultation from October 2020 to February 2021. This included consultation with key stakeholders representing heavy vehicle manufacturers, transport operators, state and territory governments and the broader community. The draft RIS modelled the costs and benefits of mandating Euro VI (Stage D) for all newly approved heavy vehicle models manufactured from 1 July 2027 and for all new heavy vehicles manufactured from 1 July 2028. Analysis found the health benefits from this measure ($6,672 million by 2050) would outweigh any expected increases in capital costs for heavy vehicle manufacturers ($985 million over the same period) or possible increases in operating costs for heavy vehicle operators ($489 million over this period).
Eighteen submissions were received in response to the draft RIS. The majority of submissions, including from heavy vehicle industry stakeholders, suggested that adopting the Stage C requirements of Euro VI from 2024‑2025 instead of Stage D from 2027-2028 would deliver greater health benefits and access to the latest vehicle technologies. In response to this feedback, the Department has modelled the costs and benefits of mandating Euro VI (Stage C) from 2024-2025. 
If Euro VI (Stage C) was mandated for all newly approved heavy vehicle models manufactured from 1 January 2024 and for all new heavy vehicles manufactured from 1 January 2025, as proposed by industry stakeholders, the benefit-cost analysis indicated this would result in a net benefit of $6,428 million by 2050 and a benefit-cost ratio of 3.52. The estimated health benefits and fuel savings from this measure ($8,977 million by 2050) were found to outweigh any expected increases in capital costs for heavy vehicle manufacturers ($1,488 million over the same period) or possible increases in operating costs for heavy vehicle operators and road managers ($843 million over this period). The net benefits of this approach outweighed the net benefits of the original proposal for a 2027-2028 introduction by $2,063 million[footnoteRef:1]. [1:  The modelling assumptions used in the final RIS incorporated feedback from industry stakeholders and accounted for effects of the COVID-19 pandemic on population and traffic growth. These revised assumptions reduced the net benefit of the 2027 option canvassed in the draft RIS to $4,365 million.] 

The Australian Government Guide to Regulatory Impact Analysis recommends the preferred option should be the option with the highest net benefit. On this basis, this RIS recommends a new Australian Design Rule 80/04 adopting the Euro VI (Stage C) standard (with equivalent US and Japanese standards also accepted) be mandated for all newly approved heavy vehicle models from 1 January 2024 and for all heavy vehicles manufactured from 1 January 2025.
Stakeholders in the heavy vehicle industry considered these benefits would be greater if additional reforms to offset the impacts of the additional technology required to meet Euro VI on the amount of freight these trucks could carry were also implemented.
In October 2021, the Australian Government agreed, subject to the outcome of a regulatory impact analysis, to allow trucks and trailers up to 2.55m wide (up from the current limit of 2.5m), if they are also fitted with additional safety features. This reform, if adopted will make it easier for manufacturers to supply models available in other markets without making additional changes specifically for the Australian market.
The National Heavy Vehicle Regulator (NHVR) is also working with government and industry stakeholders to reform mass limits for trucks fitted with advanced safety and emission systems, including electric trucks.


[bookmark: _Toc35525971][bookmark: _Toc89421343][bookmark: _Toc111189323][bookmark: _Toc29550451][bookmark: _Toc29394633][bookmark: _Toc25760870]What is the problem?
It is estimated that 620 Australians died prematurely because of transport-related air pollution in Australia in 2015, costing our economy approximately $9.2 billion[endnoteRef:1]. This is equivalent to over half the national road toll from accidents that year. Noxious emissions from road vehicles are a particularly harmful source of pollution as people generally have a higher level of exposure to these than most other sources[endnoteRef:2]. [1: 	International Council on Clean Transportation – Anenberg, S, Miller, J, Henze, D, Minjares, R (2019). A Global Snapshot of the Air Pollution-Related Health Impacts of Transportation Sector Emissions in 2010 and 2015. Available at: https://theicct.org/publications]  [2: 	Department of the Environment and Energy (2016), National Pollutant Inventory. Available at: http://www.npi.gov.au/data/search.html.] 

To limit the health impacts of noxious emissions from heavy vehicles, Australia has mandated the international Euro V noxious emissions standards for newly approved models first manufactured from 1 January 2010, and for all heavy vehicles manufactured from 1 January 2011. Australia also accepts heavy vehicles meeting equivalent standards that apply in the United States (US) or Japan.
While Euro V has, and will continue to, reduce noxious emissions from new heavy vehicles entering the Australian market until the mid-2020s, other countries have introduced more stringent vehicle emissions standards. The more stringent Euro VI standards for heavy vehicles commenced in the European Union (EU) from the end of 2012 and equivalent standards apply in most other major vehicle markets. This, in combination with the introduction of other more stringent safety and fuel efficiency standards, has forced heavy vehicle manufacturers to develop new vehicle and engine technologies across the global market. The main changes under Euro VI compared with Euro V are:
· a reduction in emission limits for oxides of nitrogen by up to 80 per cent 
· a reduction in emission limits for particulate matter by up to 66 per cent
· a new particle number limit to reduce ultrafine particle emissions; and 
· a new, more representative engine bench test and new on-road emissions test.

This raises the question of whether, and when, Australia should adopt more stringent noxious emissions standards, to achieve a reduction in transport-related air pollution, and make sure Australian transport operators have access to technology available in other markets.
[bookmark: _Toc35525972][bookmark: _Toc89421344][bookmark: _Toc111189324]Emissions standards in the global vehicle market
Noxious emissions from heavy passenger and commercial vehicles are regulated through the Australian Design Rules (ADRs). These are the national standards for road vehicles made under the Road Vehicle Standards Act 2018. All new road vehicles in Australia, whether they are manufactured locally or imported from overseas, are required to comply with the ADRs before they can be supplied to the market. The ADRs also set minimum requirements for vehicle safety, environmental performance and anti-theft protection.
When developing national vehicle standards, the Australian Government has committed to harmonising its technical requirements with those adopted in the relevant United Nations (UN) regulations where possible. Harmonisation with the UN regulations facilitates international trade and minimises compliance costs, while ensuring a high level of safety and environmental performance. The current UN regulation for heavy vehicle noxious emissions (UN Regulation 49) is based on the Euro VI requirements adopted in the EU. Equivalent standards have also been adopted in the US, Canada, Europe, Japan, China, Korea and India. These countries, which account for over 80 per cent of global new vehicle sales, also require heavy vehicle manufacturers to meet increasingly stringent safety and fuel efficiency standards.
Approximately 40,000 heavy vehicles[footnoteRef:2] are supplied to the Australian market each year, representing less than one per cent of global vehicle sales. Around 85 per cent of these vehicles, particularly lighter trucks and buses, are imported from overseas. The relatively small size of our market makes the adoption of unique Australian standards, and the design and manufacture of bespoke vehicles tailored specifically for it, undesirable in all but the most specialised segments. [2: 	Consistent with UN Regulations, heavy vehicles are defined in this RIS as passenger (M category) and goods carrying (N category) vehicle a gross vehicle mass over 3.5 tonnes.] 

Many vehicles supplied to the Australian market are designed to meet the minimum Australian standards (Euro V). Vehicles designed to meet later international noxious emissions standards are often fitted with advanced technologies that cost around three to five per cent more. This makes it difficult to sell vehicles fitted with advanced safety and emissions systems in Australia, as consumers are often attracted to vehicles with a lower purchase price rather than comparing the total operating costs. As a result, many heavy vehicles in Australia use more fuel, produce higher noxious emissions and offer less protection to drivers and other road users.
While it is technically possible to adapt older engine platforms to add more advanced safety and emissions systems (as some manufacturers do), this may not always be technically possible or commercially viable. Many vehicle manufacturers are reluctant to invest in the additional research and development required to incorporate these advanced vehicle technologies into Australian vehicles, particularly given the small size of our market. Their ability to amortise these costs is diminishing and this will continue as more countries, particularly in the Asia-Pacific, adopt more stringent standards in the future. 
[bookmark: _Toc35525973][bookmark: _Toc89421345][bookmark: _Toc111189325]Air quality in Australia’s urban environment
[bookmark: _Toc111189326]Health effects of vehicle emissions
Noxious emissions from road vehicles, such as particulate matter (PM), oxides of nitrogen (NOx), volatile organic compounds (VOC) and carbon monoxide (CO), are a major source of air pollution. The health effects of exposure to air pollution include reduced lung function, ischemic heart disease, stroke, respiratory illnesses and cancer[endnoteRef:3]. Individuals with pre-existing respiratory conditions, such as asthma and allergies, are especially vulnerable. Children are susceptible to a range of additional effects, such as low birth weight[endnoteRef:4], long-term effects on lung function[endnoteRef:5], childhood leukaemia[endnoteRef:6]’[endnoteRef:7], and childhood brain tumours[endnoteRef:8].   [3: 	Straif K, Cohen A, Samet J & International Agency for Research on Cancer (2013). IARC Scientific Publication No. 161: Air pollution and cancer. World Health Organization, Geneva. Available at: www.iarc.fr/en/publications/books/sp161/AirPollutionandCancer161.pdf.]  [4: 	Brauer M, Lencar C, Tamburic L, Koehoorn M, Demers P & Karr C (2008). A cohort study of traffic-related air pollution impacts on birth outcomes. Environmental Health Perspectives 116(5):680–686.]  [5: 	Peters JM, Avol E, Berhane K, Gauderman JW, Gilliland F, Jerrett M, Junzli N, London S, McConnell R, Navidi B, Rappaport E, Thomas D, Lurmann F, Roberts P, Alcorn S, Funk T, Gong H, Linn WS, Cass G & Margolis H (2004). Epidemiologic investigation to identify chronic effects of ambient air pollutants in Southern California, prepared for the California Air Resources Board and the California Environmental Protection Agency. Available at: https://www.arb.ca.gov/research/single-project.php?row_id=60245.]  [6: 	Whitworth KW, Symanski E & Coker AL (2008). Childhood lymphohematopoietic cancer incidence and hazardous air pollutants in southeast Texas, 1995–2004. Environmental Health Perspectives 116:1576–1580.]  [7: 	Heck JE, Park AS, Qiu J, Cockburn M & Ritz B (2014). Risk of leukemia in relation to exposure to ambient air toxics in pregnancy and early childhood. International Journal of Hygiene and Environmental Health 217:662–668.]  [8: 	Peters S, Glass D, Reid A, de Klerk N, Armstrong BK, Kellie S, Ashton LJ, Milne E & Fritschi L (2012). Parental occupational exposure to engine exhausts and childhood brain tumors. International Journal of Cancer 132:2975–2979.] 

Living close to major roads and highways increases your risk of dying early[endnoteRef:9] and has also been linked to a higher incidence of dementia in the elderly[endnoteRef:10]. High levels of benzene, a known carcinogen, have been discovered near major roads, particularly when traffic is congested[endnoteRef:11]. [9: 	Gan WQ, Tamburic L, Davies HW, Demers PA, Koehoom M, Brauer M (2010). Changes in residential proximity to road traffic and the risk of death from coronary heart disease. Epidemiology 21(5): 642-649. Available at https://www.ncbi.nlm.nih.gov/pubmed/20585255]  [10: 	Chen H, Kwong JC, Copes R, Tu K, Villeneuve PJ, van Donkelaar A, Hystad P, Martin RV, Murray BJ, Jessiman B, Wilton AS, Kopp A & Burnett RT (2017). Living near major roads and the incidence of dementia, Parkinson’s disease, and multiple sclerosis: a population-based cohort study. The Lancet 389(10070):718–726.]  [11: 	Department of the Environment and Heritage (2005), Air Quality Fact Sheet – Air Toxics. Available at http://www.environment.gov.au/protection/publications/air-toxics.] 

The two main air pollutants of greatest concern to health experts are fine particles[footnoteRef:3], commonly referred to as PM2.5, and ground-level ozone. Noxious emissions produced by road vehicles are a significant contributor to both, particularly in major cities. [3: 	Airborne particulate matter measuring less than 2.5 micrometres in aerodynamic diameter.] 

Scientific evidence links long-term exposure to PM2.5 with ischemic heart disease, cerebrovascular disease (ischemic stroke and haemorrhagic stroke), lung cancer, chronic obstructive pulmonary disease (COPD), and lower-respiratory infections (in particular, pneumonia). A 2013 study into the public risk of exposure to air pollutants found long-term population exposure to PM2.5 alone was attributable to nine per cent of all deaths from ischemic heart disease in Australia’s four largest cities[endnoteRef:12].There is also mounting evidence that PM2.5 exposure can contribute to the incidence of Type 2 diabetes[endnoteRef:13].  [12: 	Golder Associates (2013), Exposure Assessment and Risk Characterisation to Inform Recommendations for Updating Ambient Air Quality Standards for PM2.5, PM10, O3, NO2, SO. Available at: http://www.environment.gov.au/system/files/pages/dfe7ed5d-1eaf-4ff2-bfe7-dbb7ebaf21a9/files/exposure-assessment-risk-characterisation.pdf.]  [13: 	Rao X, Patel P, Puett R, Rajagopalan S (2015). Air pollution as a risk factor for type 2 diabetes. Toxicology Sciences 143: 231–241. Available at http://doi. org/10.1093/toxsci/kfu250.] 

Health experts agree that there is no safe level of exposure to particulates and that any reduction in particulate concentrations would improve population health outcomes[endnoteRef:14],[endnoteRef:15],[endnoteRef:16],[endnoteRef:17]. [14: 	Daniels MJ; Dominici F; Zeger SL; Samet JM (2004), The national morbidity, mortality, and air pollution study Part III: PM10 concentration-response curves and thresholds for the 20 largest US cities. Research Report (Health Effects Institute) 94 Pt 3:1–21. ]  [15: 	Samoli E; Analitis A; Touloumi G; Schwartz J; Anderson HR; Sunyer J; Bisanti L; Zmirou D; Vonk JM; Pekkanen J; Goodman P; Paldy A; Schindler C; Katsouyanni K (2005), Estimating the exposure-response relationships between particulate matter and mortality within the APHEA multicity project. Journal Environmental Health Perspectives, 113:88-95.]  [16: 	Schwartz J; Coull B; Laden F; Ryan L (2008), The effect of dose and timing of dose on the association between airborne particles and survival. Journal Environmental Health Perspectives, 116:64-69.]  [17: 	Schwartz J (2004), The effects of particulate air pollution on daily deaths: a multi-city case crossover analysis. Journal Occupational and Environmental Medicine, 61:956-961.] 

[bookmark: _Toc111189327]The health impacts of vehicle emissions are increasing over time
[bookmark: _Toc29550453]Noxious vehicle emissions will get worse over time. More Australians are being exposed to them as our population grows and our population density and vehicle use increases, particularly in major cities. 17.7 million Australians lived in a major city in 2017, compared to 14.6 million in 2007, and this is projected to increase to over 21 million by 2027[endnoteRef:18]. This problem is exacerbated by the ageing of our population who are more at risk of adverse health impacts of vehicle emissions. [18: 18	Bureau of Infrastructure, Transport and Regional Economics (BITRE) (2018), Progress in Australian Regions, Yearbook 2018] 

While Australia generally has good air quality by global standards, many areas of Australia experience periods of poor air quality. Some pollutants, particularly PM and ground level ozone associated with vehicle emissions, can exceed the air quality standards agreed by Commonwealth, state and territory governments, especially in urban areas with high volumes of traffic. Air quality in the Sydney, Illawarra, Lower Hunter, Melbourne and South East Queensland regions has deteriorated since 2011.
While our average level of exposure to PM2.5 is declining, in part due to reductions in exhaust emissions from new road vehicles entering the fleet, our exposure to ozone is increasing. Furthermore, although Australians’ average level of exposure to ozone is lower than many other developed countries, our exposure to ozone is increasing at a faster rate than many other developed countries, most of which have adopted more stringent noxious emissions standards[endnoteRef:19].  [19: 	Institute for Health Metrics and Evaluation (2018) - Global Burden of Disease Study 2017.] 

[bookmark: _Toc111189328]Contribution of heavy vehicles to air pollution
The most current data available on road vehicle emissions in Australia shows that heavy diesel vehicles account for almost 23 per cent of NOx emissions from all sources in the Sydney region[endnoteRef:20]. The introduction of more stringent noxious emission standards meant heavy vehicles in 2013 produced 37 per cent less NOx emissions per vehicle kilometre than heavy vehicles in 2003. However, total NOx emissions from heavy vehicles only declined by 26 per cent[endnoteRef:21], because there were more vehicles on the road and more vehicle kilometres travelled. [20: 	State of New South Wales and the NSW Environment Protection Authority (2019), Air Emissions Inventory for the Greater Metropolitan Region in New South Wales 2013 Calendar Year Consolidated Natural and Human-Made Emissions: Results, available at: https://www.epa.nsw.gov.au/your-environment/air/air-emissions-inventory/air-emissions-inventory-2013 ]  [21: 	NSW EPA (2020), pers comm] 


Figure 1	NOx emissions from road vehicles by vehicle type in the NSW Greater Metropolitan region[endnoteRef:22]  [22: 	NSW EPA (2019), ibid] 

Heavy vehicles[footnoteRef:4] constitute approximately four per cent of road vehicles in Australia, but perform about eight per cent of road vehicle kilometres travelled (VKT) and account for 23 per cent of all road transport fuel consumed in Australia[endnoteRef:23]. Diesel engines, which generally emit higher levels of NOx and particulate emissions, accounted for 94 per cent of the heavy vehicle fleet and 98 per cent of kilometres travelled by heavy vehicles[endnoteRef:24]. [4: 	Consistent with the UN regulations, the Australian Design Rules for heavy vehicle emissions apply to passenger 	(M category) or goods carrying (N category) vehicles with a gross vehicle mass over 3.5 tonnes.]  [23: 	Australian Bureau of Statistics (2019) 9208.0 – Survey of Motor Vehicle Use, Australia, 12 months ended 30 June 2018, available at https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/9208.0Main+Features112%20months%20ended%2030%20June%202018?OpenDocument]  [24: 	Ibid] 

Heavy vehicle use and diesel fuel consumption is steadily increasing. Total heavy vehicle travel is predicted to grow by 66 per cent between 2016 and 2040 and heavy vehicle diesel fuel consumption is predicted to grow by 56 per cent over the same period. In the absence of more stringent standards, this growth in vehicle activity will start to outweigh reductions in noxious emissions from newer vehicles replacing older vehicles meeting less stringent standards.
Exhaust emissions contribute up to 30 per cent of overall particulate emissions in urban areas. Particulate levels tend to be highest near busy roads and in dense urban areas. Data from New South Wales (Figure 2) shows that heavy diesel vehicles are the largest source of exhaust particulate emissions from road vehicles.
[image: ]
Figure 2	PM2.5 exhaust emissions from road vehicles in the NSW Greater Metropolitan region[endnoteRef:25] [25: 	NSW EPA (2019), ibid] 
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[bookmark: _Toc111189330]Existing measures to reduce noxious emissions from heavy vehicles will not remain effective
Since the mid-1990s the Australian Government has taken steps to reduce noxious emissions from heavy vehicles by adopting international noxious emissions standards for heavy diesel vehicles. These have been progressively strengthened in response to:
· vehicle technology advances and availability of suitable fuels,
· increasing international concern over air pollution problems, as greater scientific knowledge has highlighted their impact on human health, and
· increases in the size of and make up of vehicle fleets as well as vehicle usage patterns, particularly in urban areas.
The Bureau of Infrastructure, Transport and Regional Economics (BITRE) estimates that, since 1990, heavy vehicle noxious emissions standards have reduced CO and hydrocarbon (HC) emissions by over 80 per cent, NOx emissions by almost 40 per cent and PM emissions by approximately 50 per cent. These improvements have occurred despite the fact there are almost 60 per cent more heavy vehicles on the road and total vehicle kilometres travelled by heavy vehicles have increased by over 80 per cent over the same period.
However, the impact of existing standards will diminish in the 2020s. This is because there will be more vehicles on the road and more kilometres travelled, which will more than offset the benefit of new vehicles replacing older models, without the introduction of a more stringent standard.
Projections by BITRE (Figure 3) show that, without adopting more stringent standards, NOx emissions from heavy vehicles will steadily increase until at least 2035.

Figure 3	Projected impact of existing noxious emissions standards (Euro V) on NOx emissions from the heavy vehicle fleet (2010–2050)[endnoteRef:26] [26: 	BITRE projections, 2021, unpublished] 

BITRE projections also show that under current existing standards, fine particulate emissions from heavy vehicles will continue to decline, but at a decreasing rate from the mid-2020s.

Figure 4	Projected impact of existing noxious emissions standards (Euro V) on PM2.5 emissions from the heavy vehicle fleet (2010–2050)[endnoteRef:27] [27: 	BITRE projections, 2021, unpublished] 

[bookmark: _Toc111189331]Without adopting new standards, market forces will lead some manufacturers to continue supplying older technology
The health impacts of noxious emissions from heavy vehicles are not borne by vehicle manufacturers or consumers alone, but are shared by the whole community. 
If the new standard is not adopted, a proportion of heavy vehicle businesses will choose not to move to Euro VI, even where the long term benefit outweighs the short term costs (known as present bias in behavioural economics). This would disadvantage early movers in a market where margins are small, and would be likely to cause uptake to stall.
In the absence of a clear market signal from consumers or government to supply new vehicle emission technologies, some manufacturers will choose to continue supplying vehicles meeting less stringent standards, if is cost effective to do so, particularly in price sensitive segments of the market. For example, the Second National In-Service Emissions Study found that many vehicles sold in Australia between 1986 and 2007 only met the minimum legal requirements at that time despite more advanced technologies being widely available overseas[endnoteRef:28]. If one manufacturer does this to remain competitive in Australia, this will put commercial pressure on other manufacturers to cut costs to remain competitive by supplying older technology. [28: 	Department of the Environment, Water, Heritage and the Arts (2009) The Second National In-Service Emissions Study. Available at http://www.environment.gov.au/archive/transport/publications/pubs/nise2-technical-summary.pdf.] 

During stakeholder consultation, heavy vehicle manufacturers advised the Department that their latest models, fitted with the latest safety and fuel saving technologies, are packaged with engines designed to meet Euro VI or equivalent standards required in the larger European, North American and Asian vehicle markets. As Australia is a smaller vehicle market, it risks having access to fewer models fitted with these technologies if its noxious emission standards are not updated. This is because it will be harder to compete with older, cheaper models and it would cost too much to develop and add new safety technologies to older models specifically for the Australian market. This would have implications for model range and the uptake of new vehicle safety and emissions technologies in the Australian heavy vehicle fleet.


[bookmark: _What_can_be][bookmark: _Toc29550459][bookmark: _Toc30488827][bookmark: _Toc43880956][bookmark: _Toc89421347][bookmark: _Toc111189332][bookmark: _Toc29394641][bookmark: _Toc25760880]What can be done to further reduce noxious emissions from heavy road vehicles?
[bookmark: _Toc111189333]What is the objective of Government action?
The objectives of Government action are to:
· ensure the most appropriate measures to reduce the impacts of noxious emissions from road vehicles on the Australian community are in place, and
· ensure Australia has access to the latest vehicle technology, through closer alignment with international vehicle standards.
The most appropriate measures will be those which provide the greatest net benefit to society and are in accordance with Australia’s international obligations. Where intervention involves the use of regulation, the Agreement on Technical Barriers to Trade requires Australia to adopt international standards where they are available or imminent.
When considering the introduction of more stringent noxious emissions standards, the Australian Government has a policy of harmonising Australia’s vehicle standards wherever possible with the international standards established by the United Nations (UN) World Forum for the Harmonization of Vehicle Regulations (WP.29). The current UN regulations for noxious emissions are based on the ‘Euro’ standards adopted by the European Union (EU).
[bookmark: _Toc514164725][bookmark: _Toc514165862][bookmark: _Toc111189334]Options considered:
The options considered to reduce noxious emissions from new heavy road vehicles are:
Option 1: Business as usual – allow the existing Euro V noxious emissions standards and market forces to provide a solution.
Option 2: Voluntary standard – maintain Euro V noxious emissions standards as the minimum legal requirement, but encourage vehicle manufacturers, through peak industry groups, to enter into an agreement with the Government to meet increased noxious emissions performance requirements.
Option 3: Increased mandatory standards – mandate Euro VI and equivalent US and Japanese standards) for heavy vehicles under the Road Vehicle Standards Act 2018 (RVSA).
Two approaches to Option 3 are considered in this RIS.
· Option 3a – Mandate Euro VI (Stage D) from 2027-2028 (original approach considered in consultation RIS).
· Option 3b – Mandate Euro VI (Stage C) from 2024-2025 (an alternative approach proposed in stakeholder submissions to the consultation RIS).


[bookmark: _Toc29394643][bookmark: _Toc25760884][bookmark: _Toc89421348][bookmark: _Toc111189335]Discussion of options
[bookmark: _Toc29394644][bookmark: _Toc25760885][bookmark: _Toc89421349][bookmark: _Toc111189336]Option 1: Business as usual
The Australian Government requires all RISs to include an analysis of a business as usual option to act as a benchmark. The benefit-cost analysis for any remaining options are then calculated relative to this, so that what would have happened anyway in the market is not attributed to any proposed intervention.
Under a business as usual option, the Government would not intervene further and instead rely on existing Euro V noxious emissions standards to control noxious emissions from heavy vehicles.
The existing noxious emissions standards, which have been in force since 2010, have delivered air quality benefits over the last decade. However, as noted in the previous section, existing standards will stop delivering reductions in NOx emissions and will deliver smaller reduction in PM emissions in the coming years. 
The number of vehicles on the road and kilometres travelled is increasing, and without more stringent standards this will more than offset the benefit of new vehicles replacing older models.
A growing proportion of vehicles entering the Australian market are expected to meet Euro VI standards by virtue of its adoption in overseas markets, and demand from large corporate and state/territory government customers in Australia[endnoteRef:29]. However, a significant proportion of the heavy vehicle industry is made up of smaller operators that do not have this driver of demand. This means uptake will occur at a much lower rate than under a mandated standard, as market forces will encourage some manufacturers to continue supplying older models, meeting less stringent standards, in the absence of a level playing field. [29: 	Truck Industry Council, Budget submission 2020-21] 

There are no additional benefits or costs associated with this option as there are no proposed changes to existing policy settings. The best possible outcome under this option is that the health impacts, and number of premature deaths, from traffic related pollution remain relatively constant in line with increasing number of heavy vehicle kilometres travelled over the next decade. 
[bookmark: _Toc29394645][bookmark: _Toc25760886][bookmark: _Toc89421350][bookmark: _Toc111189337]Option 2: Implement a voluntary standard
Voluntary standards usually involve a high degree of industry participation and responsiveness compared to legislated requirements. For a voluntary standard to succeed, the relationship between business, government and consumer representatives should be collaborative so that all parties have ownership of, and commitment to, the arrangements. 
A voluntary standard could be an agreement by heavy vehicle manufacturers to fit emission control systems meeting Euro VI or equivalent standards to heavy vehicles over and above the current mandated Euro V standard. However, because of its voluntary nature, a standard of this kind would only be effective if complying with it is in the commercial interest of heavy vehicle manufacturers and/or their customers. As noted earlier, the health costs of air pollution from heavy vehicles are not borne directly by vehicle manufacturers or consumers, but shared by the whole community. If supplying heavy vehicles meeting more stringent noxious emissions standards to the market causes a competitive disadvantage because compliance is not mandatory, manufacturers are unlikely to commit to, or comply with, a voluntary standard. 
Without a more stringent mandatory standard, manufacturers have no clear market incentive to supply vehicles with the latest noxious emissions technology. It is therefore unlikely that a more stringent voluntary standard would achieve a higher level of compliance with Euro VI or equivalent standards, as the only incentive for a manufacturer to comply would be reputational. As many corporate and state/territory government customers already provide an incentive for manufacturers to supply and operators to use Euro VI compliant trucks and buses through their procurement policies, any reputational benefit that is likely to be gained from complying with a voluntary standard may already have been realised by the relevant manufacturers and operators.
Voluntary standards are also harder to enforce. Unlike a mandatory standard, where a manufacturer must demonstrate that a vehicle complies with a standard before it can be supplied, non-compliance with a voluntary standard would only be detected after a vehicle has been supplied, through independent testing and reporting by governments and/or third party experts. 
In its consideration of the case for Euro VI emissions standards, the European Commission (EC) stated that ‘self-regulation would imply a significant departure from an approach that is well established all over the world and has proven its effectiveness in the past’. The EC noted that to measure compliance under a voluntary approach, governments and manufacturers would need to establish certification processes that essentially duplicate those for mandatory standards, which would increase costs and complexity[endnoteRef:30]. This would diminish any compliance costs savings from a voluntary standard, in lieu of a mandatory standard. [30: 	European Commission (2007), Commission Staff Working Document, Annex to the Proposal for a Regulation of the European Parliament and of the Council on the approximation of the laws of the Member States with respect to emissions from on-road heavy duty vehicles and on access to vehicle repair information, Impact Assessment] 

As manufacturers would have little or no additional incentive to comply with a voluntary standard, and governments would incur a high cost to monitor, detect and respond to breaches, this option was not considered a viable option to reduce noxious emissions from heavy vehicles. As a voluntary standard was unlikely to achieve a higher level of compliance with Euro VI or equivalent standards than existing policy settings, no further analysis of this option has been undertaken as part of this RIS.
[bookmark: _Toc29394646][bookmark: _Toc25760887][bookmark: _Toc89421351][bookmark: _Toc111189338]Option 3: Increased mandatory standards (Euro VI) for heavy vehicles 
Under this option, the Government would mandate improved noxious emissions performance for heavy vehicles by determining a new ADR under the RVSA.
Under the ADRs, vehicles are approved on a model (or vehicle type) basis known as type approval. The Government approves the design of a vehicle type based on test and other information supplied by the manufacturer. Compliance of vehicles built under that approval is ensured by the regular audit of the manufacturer’s test facilities and production processes. The ADRs apply equally to new imported vehicles and new vehicles manufactured in Australia. 
Vehicle standards for noxious emissions in Australia and overseas have proven to be a cost-effective measure to reduce urban air pollution from the road transport sector. The NSW EPA found that particulate emissions from in-service heavy vehicles in 2013 were 52 per cent lower per kilometre than heavy vehicles in 2003, thanks to the introduction of Euro III, IV and V standards[endnoteRef:31]. Studies by the International Council for Clean Transportation have also found that ‘real-world’ NOx emissions from Euro VI vehicles were significantly lower than Euro IV and V vehicles[endnoteRef:32]. [31: 	NSW EPA (2020), pers comm]  [32: 	International Council for Clean Transportation (2015), Briefing - Comparison of real-world off-cycle NOx emissions control in Euro IV, V, and VI] 

The adoption of Euro VI would deliver the following benefits
· an increase in the durability requirements for vehicle emissions control systems
· a 70 per cent reduction in emissions limits for HC/VOC
· a 77-80 per cent reduction in the emissions limits for NOx
· a 50-66 per cent reduction in the mass emissions limits for particulates
· the introduction of a limit on the number of particles to control fine particle emissions
· improved emissions tests (laboratory and on-road) to ensure reductions in emissions are also realised during normal operation on the road
· more stringent requirements for on-board diagnostic systems that monitor the emissions control systems, including a reduction in the thresholds at which a malfunction warning is detected and an increased frequency of monitoring (in-use performance ratio).
Table 1 outlines the key changes in emissions limits from Euro V to Euro VI.
Table 1	Euro V and Euro VI emissions limits for heavy diesel vehicles
	
Emission
	Euro V
(Stationary Cycle[footnoteRef:5]) [5:  A stationary cycle test is performed at steady engine speeds, similar to highway operation] 

	Euro V
(Transient Cycle[footnoteRef:6]) [6:  A transient cycle test is performed at more variable engine speeds, similar to city operation] 

	Euro VI
(Stationary Cycle)
	Euro VI
(Transient Cycle)

	Oxides of nitrogen (NOx)
	2,000 mg/kWh
	2,000 mg/kWh
	400 mg/kWh
(80% lower)
	460 mg/kWh
(77% lower)

	Particulate matter
	20 mg/kWh
	30 mg/kWh
	10 mg/kWh
(50% lower)
	10 mg/kWh
(66% lower)


Options for implementing Euro VI for heavy vehicles in Australia
In the EU and other major vehicle markets, Euro VI or equivalent standards were implemented over a number of stages to allow time for the technology to develop and mature.
· Stage A: commenced in the EU at the end of 2012. It adopted the Euro VI emissions limits, new test cycle and on-road test, and initial on-board diagnostic system requirements.
· Stage B: commenced in the EU in September 2014. It adopted more stringent requirements for on-board diagnostics.
· Stage C: commenced in the EU at the end of 2015. It adopted even more stringent requirements for on-board diagnostics.
· Stage D: commenced in the EU in September 2018. It adopted more stringent on-road emissions testing requirements to demonstrate the durability of the vehicle’s emission systems over the life of the vehicle and includes lower load conditions excluded previously.
· Stage E: commenced in the EU from September 2020. It adopts even more stringent on-road emissions testing requirements to also include cold start conditions and a limit on the number of fine particles produced in this test. These requirements have also been adopted in the latest version of the UN regulation for heavy vehicle emissions (UN Regulation 49/07), which was agreed at the June 2021 session of the World Forum for the Harmonisation of Vehicle Regulations (WP.29).


Option 3a – Adopt Euro VI (Stage D) from 2027-2028
In October 2020, the Department released a draft consultation RIS, which sought specific feedback on how and when Euro VI could be introduced for heavy vehicles in Australia.
In the draft consultation RIS, the Department proposed adopting ‘Stage D’ because it was the latest stage adopted in UN Regulation 49 at the time the paper was released for consultation. It was considered that manufacturers would have a clear understanding of the steps required to meet Stage D if the timeframe considered in the consultation RIS (1 July 2027 for newly approved heavy vehicle models and all heavy vehicles manufactured from 1 July 2028) was adopted. This timeframe was chosen in response to feedback received during preliminary consultation with heavy vehicle industry stakeholders, which suggested this would strike a balance between managing Australia’s air quality and supporting the ongoing viability of Australia’s local heavy vehicle manufacturers and transport operators. Further information on the costs and benefits of adopting Option 3a are discussed in the subsequent sections of this RIS.
Option 3b – Adopt Euro VI (Stage C) from 2024-2025
Heavy vehicle industry stakeholders advised mandating Stage D of Euro VI would significantly increase regulatory burden for heavy vehicle manufacturers, as it would require most heavy vehicle models sold in Australia to be retested specifically for Australian market. This was because:
· The on-road emissions test adopted in Stages D of Euro VI requires vehicles to be tested between 10 and 100 per cent of the vehicle’s gross combination mass (GCM) rating, whereas Stage C requires vehicles to be tested at 50 to 60 per cent. As most heavy vehicle models sold in Australia have a higher GCM rating than models sold in Europe, type approvals for models sold in Europe would not be valid for most variants sold in Australia.
· An increasing number of heavy vehicle models sold in Australia are manufactured to comply with an equivalent US or Japanese noxious emission standards in lieu of the Euro standard. As there is currently no US or Japanese equivalent to Stage D, these models would also need to be retested to the Euro VI standard, to avoid gaining a regulatory advantage over models meeting the Euro standard.
· As the Australian market is relatively small, it would be difficult for manufacturers to amortise the costs of additional testing and development required to meet Stage D. The Truck Industry Council advised this could affect the viability of up to 50 per of heavy vehicle models currently available in Australia, including entire model lines offered by some lower volume manufacturers.
Heavy vehicle manufacturers have advised it would be viable to mandate Euro VI from 2024-2025 if the proposed ADR adopted the Stage C requirements, and additional reforms to mass and width limits were also implemented to offset the additional weight and space required by the additional emissions technology. 
The emission limits for all stages of Euro VI are the same, but the on-road emissions test requirements for vehicles meeting Stage C are less stringent than Stage D. This means Stage C vehicles may produce higher emissions in some conditions than vehicles meeting Stage D, but would nevertheless be significantly lower than permitted under the current Euro V standards. 
In response to this feedback, the Department has modelled the costs and benefits of mandating Euro VI (Stage C) for all newly approved heavy models manufactured from 1 January 2024 and for all new heavy vehicles manufactured from 1 January 2025, as Option 3b in this RIS. The impacts of this option are discussed in the subsequent sections of this RIS.
In October 2021, the Australian Government agreed, subject to the outcome of a separate regulatory impact analysis, to allow trucks and trailers up to 2.55m wide (up from the current limit of 2.5m), if they are also fitted with additional safety features. This reform, if adopted will make it easier for manufacturers to supply models available in other markets without making additional changes specifically for the Australian market.
The National Heavy Vehicle Regulator (NHVR) is also working with government and industry stakeholders on options to reform mass limits for trucks fitted with advanced safety and emission systems, including electric trucks.
Alternative standards
As is the case under the current ADR mandating Euro V for heavy vehicles (ADR 80/03), it is intended that the new ADR recognise equivalent US or Japanese standards as alternative standards (the US EPA standard for standards for heavy vehicles supplied from 2013 onwards or the Japanese standards for heavy vehicles supplied from 2017 onwards).
[bookmark: _Toc111189339]Impact on emissions
The impacts of Euro VI on noxious emissions from heavy vehicles in Australia will be influenced by when the standard becomes mandatory for new vehicles entering the Australian vehicle fleet. 
Projections by BITRE show that if Option 3a (Stage D from 2027-2028) was implemented, NOx emissions from the heavy vehicle fleet would peak at 124,000 tonnes in 2025, then decline to less than 30,000 tonnes by 2050 (75 per cent lower than expected under business as usual in 2050).
If Option 3b (Stage C from 2024-2025) was implemented, NOx emissions from the heavy vehicle fleet would peak at 123,000 tonnes in 2023, then decline to less than 22,000 tonnes by 2050 (or 82 per cent lower than expected under business as usual in 2050).

Figure 7	Projected impact of proposed noxious emissions standards (Euro VI and equivalent alternatives) on NOx emissions from the heavy vehicle fleet (2010–2050)[endnoteRef:33] [33: 	BITRE projections, 2021, unpublished] 

BITRE projections (Figure 8) also show that if Option 3a was implemented from 2027-2028, fine particulate emissions from heavy vehicles would decline by more than 63 per cent from 2027 to 2050. This is 43 per cent lower than that expected under business as usual.
If Option 3b was implemented from 2024-2025, fine particulate emissions from heavy vehicles would decline by 67 per cent from 2024 to 2050. This is 47 per cent lower than that expected under business as usual.

Figure 8	Projected impact of proposed noxious emissions standards (Euro VI and equivalent alternatives) on PM2.5 produced by the heavy vehicle fleet (2010–2050)[endnoteRef:34] [34: 	BITRE projections, 2021, unpublished] 



[bookmark: _Toc111189340]Costs and benefits
Introduction
For the draft RIS, the Department undertook a detailed benefit-cost analysis of mandating Euro VI (Stage D) for newly approved heavy vehicle models manufactured from 1 July 2027 and for all new heavy vehicles manufactured from 1 July 2028 (as Option 3 in the consultation RIS and Option 3a in this RIS). Following feedback, the Department has also evaluated the costs and benefits of mandating Euro VI (Stage C) for newly approved heavy vehicle models manufactured from 1 January 2024 and for all new heavy vehicles manufactured from 1 January 2025 (as Option 3b). 
Costs included in this analysis were:
· additional capital costs borne by heavy vehicle manufacturers and/or their customers,
· additional reagent costs borne by operators, and
· impacts on productivity and/or additional road wear due to the additional weight and/or space required by the additional emission systems required to comply with the new standard.
Benefits included in this analysis were:
· avoided health costs borne by the community, and
· avoid fuel costs for operators from a wider availability of more efficient vehicles. 
There are also likely to be significant benefits to all stakeholders from keeping pace with international standards as this will reduce technical and commercial barriers to the supply of the latest heavy vehicle models fitted with the latest safety and fuel saving technologies as standard. However, as there is no methodology to estimate these benefits reliably, these benefits cannot be quantified and have been excluded from the benefit-cost analysis. This means the estimated benefits in the benefit-cost analysis are likely to be conservative.
The overall period of analysis (to 2050) covers the time expected for the benefits of the proposed standard to work its way through the Australian heavy vehicle fleet, based on an average vehicle life of 20 years. The results showed that by 2050, using a discount rate of seven per cent, implementing Option 3a would achieve a net benefit of $4,365 million and a benefit-cost ratio of 2.82. If Option 3b was implemented, this would achieve a net benefit of $6,438 million and a benefit-cost ratio of 3.52.
Table 2 provides summary of the benefits quantified in this analysis.
Table 2 - Summary of Results
	Option 
	Option 3a
(Euro VI Stage D from 2027-2028)
	Option 3b
(Euro VI (Stage C) from 2024-2025)

	Total Costs
	$2,399.6m
	$2,548.4m	

	Total Benefits
	$6,764.7m
	$8,976.3m 

	Net Benefit
	$4,365.1m	
	$6,427.9m

	Benefit/Cost Ratio
	2.82
	3.52


[bookmark: _Toc20480455]What were the main assumptions?
The analysis assumed that emissions reduction technology fitted to vehicles purchased during most years of the evaluation period would continue to generate benefits beyond the end of the evaluation period in 2050.
Since the benefits from this technology are fairly constant over the lives of the vehicles, an approximation to residual evaluation was obtained by prorating the cost of the technology over the lives of the vehicles, then only counting costs attributed to years before 2050.
The average vehicle life (median survival time) was assumed to be 20 years. For vehicles purchased during the later years of the evaluation period, the cost of the emissions-reduction technology was annuitised over 20 years.
Additional capital cost estimates for the vehicle emission control technologies were informed by industry submissions received in response to the 2020 consultation RIS and previous consultations. It was anticipated that most manufacturers will have to use integrated Exhaust Gas Recirculation and Selective Catalytic Reduction systems with Diesel Particulate Filters to achieve the very low levels of emissions required by the standards proposed in Options 3a and 3b. The introduction of Euro VI is expected to increase vehicle production costs by 3-5 per cent, noting that closer alignment with international standards could also reduce development costs for the Australian market.
Additional reagent costs were also informed by industry submissions to the 2020 consultation RIS, which advised that move to Euro VI would increase the proportion of new vehicles requiring reagent to meet the standards from 68 per of new vehicles to 100 per cent. Vehicles currently using reagent to meet existing standards were also expected to require a higher dose of reagent to meet Euro VI emission levels.
Productivity losses and additional road wear cost were informed by industry advice that a Euro VI truck or bus will weigh around 300kg more than an equivalent Euro V vehicle. It was anticipated that 7.5 per cent of trips performed by Euro VI trucks and buses would need to operate at a lower payload to comply with existing mass limits. In cases where vehicles are not operating at capacity, additional road wear was based on the vehicle being 300kg heavier than it otherwise would be.
Avoided health costs were calculated by quantifying the emissions of pollutants and estimating the emissions saved relative to the base case and establishing a value for an average health cost from based on the analysis by Marsden-Jacob Associates in 2018 for the Australian Government’s “Better Fuel for Cleaner Air” Regulation Impact Statement.
Avoided fuel costs were also informed by industry submissions to the 2020 consultation RIS, which advised that current Euro VI trucks and buses used three per cent less fuel on average than equivalent Euro V models.
[bookmark: _Toc111189341]Benefits
The BITRE analysis found there would be a direct benefit to the health and wellbeing of the Australian community through reductions in air pollution if either option to mandate Euro VI was adopted. Better air quality would reduce pressure on the public health system by reducing the incidence of disease attributable to air pollution, particularly in communities with more vehicle traffic. This would reduce public healthcare costs borne by taxpayers in both urban and regional communities.
Heavy vehicle manufacturers have also advised the introduction of Euro VI is likely to reduce fuel consumption from new heavy vehicles. This is because heavy vehicles meeting Euro VI have also been designed to meet increasingly stringent fuel efficiency requirements in North America, Europe and Japan. Table 3 provides summary of the benefits quantified in this analysis.
Table 3 – Summary of benefits
	Benefits (by 2050)
	Affected parties
	Option 3a
(Euro VI Stage D from 2027-2028)
	Option 3b
(Euro VI (Stage C) from 2024-2025)

	Avoided health costs
	Community
	$5,603.4m
	$7,443.9m

	Avoid fuel costs 
	Operators
	$1,161.3m
	$1,532.4m

	Total Benefits
	All
	$6,764.7m
	$8,976.3m


[bookmark: _Toc111189342]Costs
To meet Options 3a or 3b, heavy vehicle manufacturers currently producing Euro V vehicles for the Australian market would need to fit additional emission control systems to vehicle models they wish to continue manufacturing for the Australian market. Alternatively, they may choose to replace these models with another model sold overseas that meets these standards. Some or all of these costs, including those borne by manufacturers overseas could be passed on to Australian truck and bus operators purchasing new vehicles.
The emission control systems required to meet Euro VI may add weight and/or require additional space that could otherwise be used to carry freight or passengers, if Option 3a or 3b is implemented. If existing mass limits remain in place, this may reduce the amount of freight or passengers an operator can legally carry. To the extent market forces permit, truck and bus operators may pass these increased costs on to their customers through higher prices for transporting goods or passengers. If a mass concession is implemented to offset these impacts on operations, these impacts will be borne by the community through additional road wear.
In cases where trucks and buses are not operating at capacity, a Euro VI truck or bus will operate at a higher baseline mass than an older truck or bus. This may result in an increase road wear costs borne by the community, if Option 3a or 3b is implemented.
Heavy vehicle manufacturers have also advised the introduction of Euro VI is likely to require operators to purchase more reagent (commonly sold as AdBlue or Diesel Exhaust Fluid) to ensure their Euro VI vehicles continue to comply with the Euro VI emission requirements in-service, if Option 3a or 3b is implemented.
There are also likely to be some costs incurred by the Government to develop, implement and enforce the new standards. These costs are assumed to be absorbed within existing departmental resources. 
Table 4 provides summary of the costs quantified in this analysis.
Table 4 – Summary of costs
	Cost (by 2050)
	Affected parties
	Option 3a
(Euro VI (Stage D) from 2027-2028)
	Option 3b
(Euro VI (Stage C) from 2024-2025)

	Additional Capital Costs
	Manufacturers/operators
	$1,568.5m
	$1,488.3m

	Additional Reagent Costs
	Operators
	$167.8m
	$216.5m

	Productivity loss/additional road wear
	Operators/community
	$663.3m
	$843.6m

	Total Costs
	All
	$2,399.6m
	$2,548.4m


[bookmark: _Toc111189343]Regulatory burden
The Government has established a deregulation policy that aims to improve productivity growth and enhance competitiveness across the Australian economy. The Department is a regulator and continuous improvement is at the core of this portfolio’s regulatory vision. The portfolio is pursuing best practice regulatory reforms, with a focus on achieving efficiencies through harmonising international and domestic regulatory requirements where possible. This makes sure that the standards for Australia’s transport systems remain fit for purpose while reducing unnecessary regulatory burden.
The Australian Government Guide to Regulation requires that all new regulatory options are costed using the Regulatory Burden Measurement Framework (RBM). The RBM is a different measure to the full benefit cost analysis as it does not capture the benefits of avoided health costs for the wider community. The average annual regulatory costs of mandating Euro VI for heavy vehicles from 2027 were established by calculating the average undiscounted costs (non-prorated) for each option over the period from 2027 to 2036 inclusive. The average annual regulatory costs of mandating Euro VI for heavy vehicles from 2024 were established by calculating the average undiscounted costs (non-prorated) for each option over the period from 2024 to 2033 inclusive.
The average annual regulatory cost of mandating Euro VI was calculated to be $273.7 million if Option 3b was implemented (Table 5a), or $205.7million if Option 3b was implemented (Table 5b). To the extent that market forces allow, the costs to business in the tables below may be passed on to consumers.
Table 5a - Regulatory burden estimate – Option 3a - mandating Euro VI (Stage D) for heavy vehicles from 2027
Average annual regulatory costs (from business as usual)
	Change in costs ($ million)
	Business
	Community organisations
	Individuals
	Total change in costs

	Total, by sector
	274.5
	
	
	274.5


Table 5b - Regulatory burden estimate – Option 3b - mandating Euro VI (Stage C) for heavy vehicles from 2024
Average annual regulatory costs (from business as usual)
	Change in costs ($ million)
	Annual Regulatory Costs for Business
	Community organisations
	Individuals
	Total change in costs

	Total, by sector
	205.7
	
	
	205.7





[bookmark: _Toc29394659][bookmark: _Toc25760900][bookmark: _Toc89421352][bookmark: _Toc111189344][bookmark: _Toc343764951][bookmark: _Toc528305141]Consultation
The preparation of this RIS considered feedback received from a number of consultation processes.
The Government released a draft RIS evaluating the costs and benefits of mandating Euro VI for heavy vehicles from 27 October 2020 to 26 February 2021. This draft RIS was informed by feedback received during consultation in 2016-17 and discussions with heavy vehicle industry stakeholders in 2019‑20.
More stringent noxious emissions standards for heavy vehicles have also been discussed at the Department’s peak vehicle standards consultative forums, the Strategic Vehicle Safety and Environment Group (SVSEG) and the Technical Liaison Group (TLG). SVSEG and TLG include senior representatives of governments (Australian and state/territory), the manufacturing and operational arms of the industry including organisations such as the Truck Industry Council and the Australian Trucking Association, and consumer and road user organisations.
[bookmark: _Toc29550479][bookmark: _Toc30488837][bookmark: _Toc89421353][bookmark: _Toc111189345]Summary of responses to the 2020 draft RIS
The 2020 RIS was released for public consultation to elicit views from all interested parties on its key proposals. Feedback was specifically sought on the estimated benefits and costs of the proposals, and implementation timing.
Eighteen submissions were received from a range of stakeholders, including from:
· heavy vehicle manufacturers and operators;
· state and territory governments and the National Heavy Vehicle Regulator;
· consumer and business representative groups;
· environment and health groups;
· component suppliers;
· fuel industry organisations;
· individuals and community groups.
Overall, the submissions supported Government action to improve air quality by reducing noxious emissions from road vehicles.
[bookmark: _Toc111189346]Comments received in response to the draft RIS
Stakeholders representing heavy vehicle manufacturers and operators supported the adoption of Euro VI in principle, but did not support the approach proposed in Option 3 of the draft RIS to mandate Euro VI Stage D from 2027‑2028. Heavy vehicle industry stakeholders advised mandating Stage D would significantly increase regulatory burden for heavy vehicle manufacturers to a greater extent than estimated in the draft RIS, as it would require most heavy vehicle models sold in Australia to be retested specifically for the Australian market. 
Heavy vehicle manufacturers have advised it would be viable to mandate Euro VI from 2024-2025 if the proposed ADR adopted the Stage C requirements instead of Stage D. The Australian Trucking Association, which represents road freight transport operators, advised it would also support an ADR mandating Euro VI Stage C, if trucks meeting Euro VI were permitted to operate at higher mass and width limits to offset any potential productivity impacts, as the technology required to meet Euro VI would add weight and take up additional space on the vehicle. 
Health, environment and community groups, and state and territory governments also supported an earlier introduction of Euro VI.
Heavy vehicle manufacturers considered the modelling in the draft RIS, which anticipated an increase in fuel consumption, was not accurate as the latest generation Euro VI trucks use less fuel because they are also designed to meet fuel efficiency standards in other markets. They also considered the modelling in the draft RIS incorrectly anticipated that reagent consumption would decrease. This was because as 38 per cent of new trucks currently sold in Australia do not currently use a consumable reagent to meet the current Euro V requirements, but would need to do so to meet Euro VI[endnoteRef:35]. Trucks and bus manufacturers also advised models that currently use a consumable reagent to meet Euro V emission requirements would require 2‑5 per cent more reagent to meet Euro VI emission requirements. [35: 	Truck Industry Council (2021), TIC submission to the Australian Government’s Draft RIS for Heavy Vehicle Emission Standards for Cleaner Air] 

[bookmark: _Toc111189347]How we have responded to the comments received on the draft RIS
In light of the feedback received during this consultation, the Department modelled the costs and benefits of adopting Euro VI (Stage C) from 2024-2025 as Option 3b. The assumptions used in the modelling for this option and the original Option 3 (Option 3a in this RIS) were also updated to: 
· account for the effects of the COVID-19 pandemic on traffic growth, and 
· revise the assumptions on fuel and reagent consumption based on the experience of the heavy vehicle industry advised during the consultation process. 
[bookmark: _Toc343764953][bookmark: _Ref514099485][bookmark: _Ref514099491][bookmark: _Ref514099499][bookmark: _Toc528305143][bookmark: _Toc343764952][bookmark: _Toc528305142]The revised modelling for Option 3a also incorporates an updated estimate of compliance costs to account for the additional testing required to comply with this option.
[bookmark: _Toc111189348]Reforms to mass and width limits
In October 2021, the Australian Government agreed, subject to the outcome of a regulatory impact analysis, to allow trucks and trailers up to 2.55m wide (up from the current limit of 2.5m), if they are also fitted with additional safety features. This reform, if adopted will make it easier for manufacturers to supply models available in other markets without making additional changes specifically for the Australian market. [endnoteRef:36] [36:  	National Heavy Vehicle Regulator (2020), Safety and Environmental Technology Uptake Plan] 

The Department does not anticipate that this announcement will not materially affect the outcome of this modelling, but will make it easier for manufacturers to offer models available in other markets with higher width limits. This may reduce development costs.
In June 2020, the National Heavy Vehicle Regulator (NHVR) consulted on a proposal to allow a mass increase for trucks fitted with advanced safety and emission systems[endnoteRef:37]. The NHVR is continuing to work with government and industry stakeholders to reform mass limits to support trucks fitted with advanced safety and emission systems, including electric trucks. [37:  	Department of Infrastructure, Transport, Regional Development and Communications (2021), Safer Freight Vehicles Discussion paper] 

If a future policy decision is made by governments to allow higher mass limits for trucks meeting the latest safety and environmental standards, the Department anticipates productivity impacts on truck operators will be lower than anticipated in this RIS. Productivity savings from a higher mass limit would accrue to truck operators and their customers. However, these savings would be smaller at a community level, as trucks operating at a higher mass would increase road wear costs borne by governments and the broader community. This is not expected to materially affect the outcome of this modelling. The costs and benefits of this reform are beyond the scope of this RIS.


[bookmark: _Toc89421354][bookmark: _Toc111189349][bookmark: _Toc528305147][bookmark: _Toc29394664][bookmark: _Toc25760905]Conclusion and Recommended Option
This RIS examined the case for government action to reduce noxious emissions from heavy road vehicles to improve health outcomes for the Australian community. Our standards currently lag behind most developed countries.
This RIS considered a range of options, including taking no further action (business as usual), establishing voluntary noxious emissions standards (through an agreement with peak industry bodies), or mandating more stringent noxious emissions standards (Euro VI) for heavy vehicles under the RVSA.
There is a strong case for mandatory standards to reduce noxious emissions from road vehicles. Air pollution from road vehicles is a negative externality, which is not addressed by the operation of market forces alone. Government action to strengthen noxious emissions standards is recognised as an effective measure to reduce urban air pollution, and such standards have delivered improvements in urban air quality despite growth in vehicle use. Without further government intervention in this area, the health impacts and number of premature deaths resulting from traffic-related pollution caused by noxious emissions from heavy vehicles are expected to increase over the next decade. 
The introduction of Euro VI (Option 3a or 3b) for heavy vehicles will bring Australia’s vehicle standards into closer alignment with international standards. This will help improve Australian transport operators’ access to the latest safety and fuel saving technologies, which are often packaged with Euro VI (or equivalent) engines.
Benefit cost analysis found that there were significant benefits from mandating Euro VI (Option 3a or 3b) that would not otherwise be realised through either a business as usual approach (Option 1) or a voluntary standard (Option 2).
If Option 3a (Euro VI (Stage D), for newly approved models manufactured from 1 July 2027 and for all new heavy vehicles manufactured from 1 July 2028), was adopted, it would result in avoided health costs of $5,603 million and fuel savings of $1,163 million. These savings outweigh any increased capital costs to manufacturers of $1,569 million, or any increase in costs for operators and road managers of $831 million over the period to 2050. The net benefits over this period were estimated to be $4,365 million, with a benefit-cost of 2.82.
If Option 3b (Euro VI (Stage C), for newly approved models manufactured from 1 January 2024 and for all new heavy vehicles manufactured from 1 January 2025), was adopted, it would result in avoided health costs of $7,444 million and fuel savings of $1,532 million. These savings outweigh any increased capital costs to manufacturers of $1,488 million, or any increase in costs for operators and road managers of $1,060 million over the period to 2050. The net benefits over this period were estimated to be $6,428 million, with a benefit-cost of 3.52.
The Australian Government Guide to Regulatory Impact Analysis advises the recommended option should be the option with the highest net benefit. On this basis, the RIS recommends adopting Option 3b (mandating Euro VI (Stage C) for heavy vehicles for all newly approved models manufactured from 1 January 2024 and for all new heavy vehicles manufactured from 1 January 2025). The proposed implementation timeframe was modelled after consideration of stakeholder views, particularly those of heavy vehicle manufacturers and trucking operators. The timeframe would allow manufacturers sufficient time to develop and source products designed to meet these new emission standards.


[bookmark: _Toc89421355][bookmark: _Toc111189350]Implementation and evaluation
If the Government decides to mandate the Euro VI noxious emissions standards (Option 3a or 3b), this would be implemented through a new ADR 80/04, under the RVSA. New ADRs, or amendments to the ADRs, are determined by the Minister under section 12 of the RVSA.
The Government has a long-term policy to harmonise the ADRs with international regulations adopted by the UN. If Option 3b is adopted, it is proposed that ADR 80/04 adopt the Euro VI (Stage C) requirements as adopted in UN Regulation 49. ADR 80/04 would accept the equivalent technical requirements of EU Regulation 582/2011, as well as the equivalent US (2013) and Japanese (2017) standards.
If Option 3b is adopted, the proposed transitional arrangements for the new ADR 80/04 would be as follows:
· Manufacturers seeking a new vehicle type approval for a heavy vehicle model first supplied to Australia on or after 1 January 2024 will be required to demonstrate that the vehicle complies with the new ADR 80/04.
· Models supplied under a vehicle type approval before 1 January 2024 may continue to supply vehicles that comply with ADR 80/03 until 31 December 2024. If a manufacturer wishes to continue supplying these vehicle models on or after 1 January 2025, they will need to demonstrate that the vehicle model complies with the new ADR 80/04 for their vehicle type approval to remain valid.
It is important to determine the new ADR as soon as possible following a Government policy decision to provide certainty to vehicle manufacturers, and give them sufficient time to undertake necessary business planning before the ADR commences for newly approved models. The Department will consult closely with heavy vehicle manufacturers and peak bodies when drafting the new ADR, particularly in relation to the proposed alternative standards.
The ADRs are subject to review every ten years as resources permit. This ensures that they remain relevant, cost effective and do not become a barrier to the importation of safer and/or lower emissions vehicles. ADR 80/04 would be scheduled for a full review on an ongoing basis and in line with this practice.


[bookmark: _Toc89421356][bookmark: _Toc111189351]Appendix A: Benefit cost analysis of introducing Euro VI emissions standards in Australia
The key indicators of the economic viability of a proposed option are its net benefits and benefit-cost ratio (BCR). A positive net benefit means that the returns on the option will outweigh the resources outlaid. The BCR is a measure of the efficiency of the option. If the net benefits are positive, the BCR will be greater than one. A higher BCR means that, for a given cost, the benefits are paid back a number of times over.
· Benefits were determined from the health costs and fuel costs avoided relative to business as usual.
· Additional costs were based on the estimated capital costs likely to be incurred by manufacturers to fit more advanced emission systems, additional reagent and productivity impacts that may be borne by heavy vehicle operators and possible increases in road wear due to Euro VI trucks operating at a higher gross vehicle mass due to the technology required to meet Euro VI.
Two regulatory scenarios have been modelled in this analysis.
The first scenario considers the costs and benefits of an ADR 80/04 mandating Euro VI (Stage D) from 1 July 2027 for newly approved heavy vehicle models (M and N category vehicles with a gross vehicle mass over 3.5 tonnes) and all heavy vehicles manufactured from 1 July 2028. Table A1 provides the modelling results for this scenario.
The second scenario considers the costs and benefits of an ADR 80/04 mandating Euro VI (Stage C) from 1 January 2024 for newly approved heavy vehicle models and all heavy vehicles manufactured from 1 January 2025. Table A2 provides the modelling results for this scenario.


Table A1	Benefit-cost analysis for the implementation of Euro VI (Stage D) standards for new heavy vehicles in Australia from 2027 — net present value, 2019 Australian dollars 
	Year
	Capital cost ($m)
	Diesel Exhaust Fluid Costs ($m)
	Productivity loss/extra road wear costs ($m)
	Total costs ($m)
	Health costs avoided ($m)
	Avoided fuel costs ($m)
	Total Benefits ($m)
	Net benefits ($m)

	2027
	149.7
	0.4
	5.6
	155.6
	6.9
	4.3
	11.2
	-144.4

	2028
	188.8
	1.4
	14.6
	204.8
	28.1
	14.1
	42.2
	-162.6

	2029
	177.4
	3
	22.3
	202.7
	61
	24.6
	85.6
	-117.1

	2030
	106.9
	4.5
	29
	140.4
	97.2
	33.6
	130.8
	-9.6

	2031
	100.5
	5.9
	34.6
	140.9
	131.4
	41.1
	172.5
	31.6

	2032
	94.4
	7.1
	37.7
	139.2
	163
	47.4
	210.4
	71.2

	2033
	88.7
	8.1
	38.8
	135.6
	191.9
	52.6
	244.5
	108.9

	2034
	83.3
	8.9
	39.2
	131.4
	217.4
	56.3
	273.7
	142.3

	2035
	76.6
	9.4
	38.9
	124.8
	240.4
	58.7
	299.1
	174.3

	2036
	70.3
	9.6
	38
	117.8
	259.5
	60.4
	319.9
	202.1

	2037
	64.3
	9.8
	36.7
	110.8
	277.5
	61.5
	339
	228.2

	2038
	52.5
	9.9
	35.2
	97.6
	292.5
	62
	354.5
	256.9

	2039
	47.6
	9.8
	33.5
	90.9
	304.2
	61.9
	366.1
	275.2

	2040
	43
	9.6
	31.8
	84.3
	312.4
	61.3
	373.7
	289.4

	2041
	38.6
	9.2
	30
	77.8
	317.3
	60.3
	377.6
	299.8

	2042
	34.5
	8.8
	28.2
	71.5
	321.2
	59.1
	380.3
	308.8

	2043
	30.7
	8.2
	26.5
	65.5
	322.1
	57.6
	379.7
	314.2

	2044
	27.2
	7.8
	24.9
	59.8
	317
	55.7
	372.7
	312.9

	2045
	23.8
	7.3
	23.3
	54.4
	310.9
	53.7
	364.6
	310.2

	2046
	20.3
	6.8
	21.8
	49
	303
	51.6
	354.6
	305.6

	2047
	17.1
	6.3
	20.4
	43.8
	295.9
	49.3
	345.2
	301.4

	2048
	13.8
	5.9
	18.9
	38.6
	287.3
	47
	334.3
	295.7

	2049
	10.7
	5.4
	17.5
	33.5
	277.1
	44.7
	321.8
	288.3

	2050
	7.8
	4.9
	16
	28.8
	268
	42.4
	310.4
	281.6

	Total
	1,568.5
	167.8
	663.3
	2,399.6
	5,603.4
	1,161.3
	6,764.7
	4,365.1


Estimated costs: $2,399.6m
Estimated benefits: $6,764.7m
Net benefit: $4,365.1m
Benefit/Cost Ratio: 2.82 ($6,764.7m/2,399.6m)

Table A2	Benefit-cost analysis for the implementation of Euro VI (Stage C) standards for new heavy vehicles in Australia from 2024 — net present value, 2019 Australian dollars
	Year
	Capital cost ($m)
	Diesel Exhaust Fluid Costs ($m)
	Productivity loss/extra road wear costs ($m)
	Total costs ($m)
	Health costs avoided ($m)
	Avoided fuel costs ($m)
	Total Benefits ($m)
	Net benefits ($m)

	2024
	75.0
	0.4
	6.7
	82.1
	8.1
	5.2
	13.3
	-68.8

	2025
	127.4
	1.7
	17.5
	146.6
	32.9
	16.9
	49.8
	-96.8

	2026
	120.2
	3.6
	26.8
	150.6
	71.5
	29.5
	101.0
	-49.6

	2027
	113.0
	5.4
	34.8
	153.2
	113.9
	40.3
	154.2
	1.0

	2028
	106.2
	7.1
	41.5
	154.8
	153.9
	49.4
	203.3
	48.5

	2029
	99.9
	8.5
	45.3
	153.7
	191.0
	57.0
	248.0
	94.3

	2030
	93.9
	9.8
	46.6
	150.3
	224.9
	63.2
	288.1
	137.8

	2031
	88.3
	10.6
	47.0
	145.9
	254.8
	67.6
	322.4
	176.5

	2032
	81.0
	11.2
	46.7
	138.9
	281.7
	70.5
	352.2
	213.3

	2033
	74.1
	11.5
	45.6
	131.3
	304.0
	72.6
	376.6
	245.3

	2034
	67.7
	11.8
	44.1
	123.6
	325.1
	73.9
	399.0
	275.4

	2035
	61.5
	11.9
	42.3
	115.7
	342.7
	74.4
	417.1
	301.4

	2036
	55.7
	11.8
	40.3
	107.8
	356.5
	74.3
	430.8
	323.0

	2037
	50.3
	11.5
	38.2
	100.0
	366.1
	73.6
	439.7
	339.7

	2038
	45.2
	11.0
	36.0
	92.3
	371.8
	72.5
	444.3
	352.0

	2039
	40.4
	10.5
	33.9
	84.8
	376.3
	71.0
	447.3
	362.5

	2040
	36.0
	9.9
	31.8
	77.7
	377.4
	69.2
	446.6
	368.9

	2041
	31.8
	9.3
	29.9
	71.0
	371.5
	66.9
	438.4
	367.4

	2042
	27.9
	8.8
	28.0
	64.7
	364.3
	64.5
	428.8
	364.1

	2043
	23.8
	8.2
	26.2
	58.2
	355.1
	61.9
	417.0
	358.8

	2044
	20.0
	7.6
	24.5
	52.1
	346.7
	59.3
	406.0
	353.9

	2045
	16.1
	7.0
	22.7
	45.9
	336.7
	56.5
	393.2
	347.3

	2046
	12.5
	6.5
	21.0
	39.9
	324.7
	53.6
	378.3
	338.4

	2047
	9.2
	5.9
	19.2
	34.3
	314.1
	50.9
	365.0
	330.7

	2048
	6.2
	5.4
	17.5
	29.1
	303.2
	48.3
	351.5
	322.4

	2049
	3.5
	5.0
	15.7
	24.1
	292.8
	45.9
	338.7
	314.6

	2050
	1.4
	4.5
	13.9
	19.8
	282.3
	43.5
	325.8
	306.0

	Total
	1,488.3
	216.5
	843.6
	2,548.4
	7,443.9
	1,532.4
	8,976.3
	6,427.9


Estimated costs: $2,548.4m
Estimated benefits: $8,976.3m
Net benefit: $6,427.9m
Benefit/Cost Ratio: 3.52 ($8,965.3m/2,548.4m)
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The BITRE analysis assumed that emissions-reduction technology on vehicles purchased during most years of the evaluation period would continue to generate benefits beyond the end of the evaluation period in 2050.
Since the benefits from this technology are fairly constant over the lives of the vehicles, an approximation to residual evaluation was obtained by prorating the cost of the technology over the lives of the vehicles, then only counting costs attributed to years before 2050.
The average vehicle life (median survival time) was assumed to be 20 years. For vehicles purchased during the later years of the evaluation period, the cost of the emissions reduction technology was annuitised over 20 years. 
A standard discount rate of 7 per cent was used, as required by the OBPR. Sensitivity testing was conducted on discount rates of 3 and 11 per cent, which showed that even with a higher discount rate of 11 per cent, the benefit-cost ratio was above one (at about 1.74). If a 3 per cent discount rate was used, the benefits would exceed costs by a factor of 7.76 to one.
Based on the technology adopted to date by manufacturers to meet equivalent standards in the US, Europe and Japan, it was assumed that that most manufacturers will use integrated Exhaust Gas Recirculation and Selective Catalytic Reduction systems with Diesel Particulate Filters to achieve low levels of emissions set out in the proposed Euro VI standards.
Costs considered included capital costs, diesel exhaust fluid costs, productivity losses and additional road wear. Benefits included avoided health and fuel costs.
· The capital cost estimates for vehicle emissions control technologies were informed by industry submissions received during previous consultation.
· Fuel cost savings were calculated by assuming that the fuel consumption of a Euro VI heavy vehicle would be 3 per cent lower than an equivalent Euro V vehicle based on advice from heavy vehicle manufacturers.
· Diesel exhaust fluid costs were calculated by assuming that a move to Euro VI would entail more vehicles using urea than the base case, and increased rates of urea consumption, based on the experience to date by the heavy vehicle industry. 
· Productivity losses were calculated by estimating the cost of the reduced payload or seating capacity directly, assuming no change in legal mass and dimension limits when Euro VI is mandated. The Department notes that the National Heavy Vehicle Regulator (NHVR) is considering options to incentivise the adoption of trucks meeting advanced safety and emission standards, which may include changes to mass limits. The costs and benefits of such measures are beyond the scope of this analysis.
· Additional road wear costs were anticipated, as it is assumed that all Euro VI vehicles that are not constrained by mass and/or width limits would operate at a gross vehicle mass approximately 300kg higher than vehicles that comply with older standards.
· Avoided health costs were calculated by quantifying the emissions of pollutants and estimating the emissions saved relative to the base case and by establishing a value for an average health cost from existing studies.
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Given the inevitable uncertainties with some of the assumptions used, sensitivity tests were undertaken on assumptions around: 
· evaluation period (2040 vs 2050)
· discount rates
· possible social costs avoided from a reduction in greenhouse gas emissions from reduced fuel use.[footnoteRef:7] [7: 	Based on a value of $60 per tonne of CO2 equivalent emissions. The Australian Transport Planning and Assessment Guidelines (2020) agreed by Infrastructure and Transport Ministers, note this value is broadly in the middle of the range of values reported in relevant studies.] 

· possible reductions in capital costs borne by the Australian economy, if capital cost borne by manufacturers overseas were not passed on to their Australian models.
As the second option generated the highest net benefits, sensitivity testing was conducted on the modelling for this scenario. The results are summarised below in Table A3. With net benefits ranging from $1,896 million to $17,226 million and all scenarios tested being positive, the estimated net benefit of $6,428 million from adopting this option appears realistic.
Table A3 	Sensitivity test results for Euro VI (Stage C from 2024)
	Sensitivity test
	Benefit-cost ratio
	Net benefits ($m)

	Core Euro VI scenario (to 2050)
	3.52
	6,427.9

	Low discount rate (3 per cent)
	7.76
	17,225.9

	High discount rate (11 per cent)
	1.74
	1,895.5

	2040 analysis period
	2.43
	3,024.5

	Including possible benefits from avoided greenhouse gas emissions
	3.64
	6,738.7

	If capital costs borne by manufacturers overseas are not passed on to Australian customers
	6.61
	7,618.5
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BAU (ADR 80/03)	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	148.5973281108505	146.45451632667869	144.58867339463251	141.51315300360179	139.19216668656483	136.51396013875083	133.62433681564363	131.4591688417905	129.77989191711382	127.11551844717248	122.79821109507508	123.4838221776026	124.14478053381217	123.47236962848943	123.42094437563858	124.23834150712624	125.23807817223638	126.2445563446135	127.38000159523394	128.30703242988562	128.89138481779906	129.02796610568396	129.24297950493914	129.01409152815432	129.40525873386454	129.56247983901989	129.47618508263571	129.0334975758056	128.13953411964079	127.49434315925568	126.38784788294443	125.66587235893044	125.12114286349288	124.35076265673322	123.86454940643172	123.21596426393282	122.32057177486568	121.85264484536361	121.23965749667158	120.79993181854343	120.20763905583814	Option 3a	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	123.65977382245561	119.72959508693074	113.26775804443041	106.19646697307083	99.429434553726253	92.776449368505709	86.353014944710964	80.20156371418939	74.343602054954445	68.746625842609063	63.5264225512162	58.628318659956278	54.146300149688379	50.056313672819094	46.392548662328103	43.080755184321426	40.107135744461814	37.583331914754872	35.518079540057229	33.785325933473146	32.18104500329796	30.969844403339842	30.268346199034575	29.850791030866802	29.430572274251393	Option 3b	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	122.04688761219222	118.28620646086885	112.07115363629775	105.13250504807573	98.493280982797771	91.878174577829228	85.21782752779626	78.542049454760104	72.267790838360483	66.095610306046467	60.636321658751491	55.448440445923538	50.634387204496356	46.175689477704459	42.036486844983791	38.425471131359849	35.123240630002165	32.391341884133872	30.174835356276589	28.260218203806591	26.585544021473719	25.2266960881797	24.259113511718834	23.633931012513578	23.034637083945938	22.524777895073981	22.005233768112678	
HDV NOx emissions ('000 tonnes)




BAU (ADR 80/03)	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	6.2774136930561921	5.6881098819392637	5.1783929115231686	4.7036373838047654	4.2769259047615362	3.8975081196375148	3.6061599050802857	3.3111651539940032	3.0539889326442329	2.8357475898965854	2.6600375019956721	2.5135934548068626	2.3746389851352387	2.255315334668456	2.153628358272377	2.0837979786621577	2.026520273871784	1.977936311790558	1.9421566336407539	1.9067016073698466	1.8652632232054533	1.8234549015706087	1.7823729352110367	1.7395773692309866	1.7090591678074776	1.6773592600844496	1.6469623296956477	1.6157699643376839	1.5827744428113257	1.553791026329318	1.5222742075273763	1.4930760172240263	1.4686053207617624	1.4437533189579004	1.4223715813768623	1.4007323185095921	1.3784788939574457	1.36002574136907	1.3409273523219636	1.322863560714107	1.3039362906476368	Option 3a	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	2.1445611062754462	2.0501410236229312	1.9516763935871393	1.851919656478326	1.7647176937726081	1.6786714482952381	1.5881008339566116	1.4993077650082312	1.4130660293950967	1.3292041855669721	1.2578025289774071	1.1885085864745648	1.1249707722279962	1.0656785271850475	1.0099636977422812	0.9607936189150551	0.91487412976525506	0.87438743813019038	0.84094171731825773	0.81163158100587629	0.78503383128170789	0.76272607343091081	0.74337097620879977	0.72886726936620438	0.71529919683580456	0.70313025677333141	0.69135260942041177	Option 3b	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	2.026520273871784	1.884486827932714	1.80987515952445	1.7254214805502059	1.6402823993224067	1.5593678916694647	1.4793298566927633	1.4041722844269253	1.3336439522932364	1.2656257721735438	1.2033968569184403	1.1453116975165305	1.0913746669909108	1.0414188340542478	0.99515221459889491	0.95327714020680632	0.91603913063631603	0.88320147955541506	0.85475300682736222	0.82840456805405671	0.80605439233829734	0.78718878459083019	0.7716975373456938	0.75943804027958828	0.74760892693859138	
PM2.5 emissions ('000 tonnes)
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