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Immediate actions to reduce short-lived climate pollutant emissions 
are necessary to secure a sustainable future.

V. Ramanathan, M. L. Molina, and D. Zaelke (2017). Well Under 2 Degrees Celsius:
Fast Action Policies to Protect People and the Planet from Extreme Climate Change

SLCP, short-lived climate pollutants:
- black carbon (BC)
- methane (CH4)
- tropospheric ozone
- hydrofluorocarbons (HFCs)

“We must act now, and we must act 
fast. Reduction of SLCPs will result 
in fast, near-term reductions in 
warming, while present-day 
reductions of CO2 will result in 
long-term climate benefits. This 
two-lever approach—aggressively 
cutting both SLCPs and CO2–-will 
slow warming in the coming 
decades when it is most crucial to 
avoid impacts from climate change 
as well as maintain a safe climate 
many decades from now.”
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2012 o CCAC launches the Heavy-Duty Vehicles 
(HDV) Initiative.

2016 o HDV Initiative releases a global strategy for 
low-sulfur fuels and cleaner diesel vehicles.

o 36 countries endorse the strategy at the High 
Level Assembly of the CCAC in Marrakech.

2018 o HDV Initiative releases the first of two 
annual assessments to monitor progress 
toward implementing the global strategy.

2019 o HDV Initiative to release the second report on 
global progress toward soot-free vehicles.
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The CCAC Heavy-Duty Vehicles Initiative is working to reduce diesel
black carbon emissions to achieve climate and health benefits.
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o About 200 individual countries covering 99.8% of world population
o Diesel on-road vehicles divided into six vehicle types

o Passenger cars, light commercial vehicles, three-wheeled vehicles
o Buses and minibuses, medium-duty trucks, heavy-duty trucks

o Bottom-up fleet characterization
o Sales, stock, vehicle activity, energy use, CO2 and non-CO2 pollutants
o By model year, calendar year, vehicle type, country

o Policy impacts
o New vehicle standards, used import restrictions, fuel sulfur standards
o Focus on black carbon emissions and non-CO2 temperature impacts

Scope of analysis for this assessment

Three-wheeled diesel vehicles are only modeled for China and India.
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CURRENT STATUS OF DIESEL ROAD TRANSPORT 
WORLDWIDE

DIESEL VEHICLE SALES, STOCK, AND ENERGY CONSUMPTION
Worldwide diesel fuel consumption in road transport has grown eightfold since 1971 and 
quadrupled since 1980 (Figure 2). More than 97% of the energy consumed by on-road 
diesel engines is derived from fossil fuels; the remainder is biodiesel. Road transport 
is by far the largest source of demand for diesel fuel, consuming more than all other 
sectors combined.
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Licence: www.iea.org/t&c; as modified by ICCT.

Figure 2. World diesel fuel consumption by sector, 1971–2015. Mtoe, million tonnes of oil 
equivalent. Based on IEA data from the World Energy Balances Data Service © OECD/IEA 2017, 
www.iea.org/statistics. License: www.iea.org/t&c; as modified by ICCT.

Within diesel road transport, HDDVs are the principal source of energy demand and BC 
emissions. In 2017, HDDVs accounted for less than 25% of diesel vehicle sales and stock 
but approximately 75% or more of energy use and BC emissions (Figure 3). LDDVs, 
in contrast, accounted for about 70% of diesel vehicle sales and stock but less than 
25% of energy consumption and less than 20% of BC emissions. The disproportionate 
contribution of HDDVs to energy consumption and emissions is one of the key reasons 
the CCAC has focused on this sub-sector of transport.
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Diesel fuel consumption in road transport has grown eightfold since 1970.

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018

https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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One quarter of diesel vehicles worldwide are HDVs, but three quarters 
of on-road diesel consumption and BC emissions are from HDVs.
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Diesel vehicle stock
~350 million vehicles

24%

75%
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Energy consumption
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New diesel vehicle sales
~24 million vehicles

Global diesel vehicle sales, stock, energy consumption, and black carbon emissions in 2017

Vehicle category Heavy-duty vehicles Light-duty vehicles 2- & 3-wheelers

Figure 3. Global on-road diesel vehicle sales, stock, energy consumption and black carbon 
emissions in 2017.

The historically largest vehicle markets generate about 70% of new HDDV sales 
worldwide (Figure 4). China accounts for 19% of global new HDDV sales, followed by the 
United States and the European Union, each of which accounts for about 14% of global 
sales. Countries in the Middle East, Africa, and Latin America make up a larger share 
of the world’s in-use HDDV stock than indicated by their share of new vehicle sales. 
Imports of used HDDVs are estimated to contribute a substantial share of the incoming 
vehicles in these regions.
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Figure 4. Global new heavy-duty diesel vehicle (HDDV) sales and in-use stock by region in 2017.

DIESEL VEHICLE EMISSIONS STANDARDS
Diesel particulate filters (DPFs) are required starting at Euro VI/U.S. 2007 for HDDVs 
and Euro 5b/U.S. Tier 2/China 5 for LDDVs. Established emission factor models such as 
COPERT show that soot-free standards reduce exhaust particulate matter and BC more 
than 99% compared with uncontrolled levels (Figure 5). As emissions standards become 
more stringent, PM emissions levels fall across all emission factor models, and variability 
declines among emission factor estimates.

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018

https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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Figure 5. Comparison of PM emission factors of heavy- and light-duty diesel vehicles by 
Euro-equivalent emissions standard. Units are milligrams per megajoule (mg/MJ). Bars indicate 
minimum and maximum estimates within each technology category. China data were obtained 
from Tsinghua University and converted to fuel-specific estimates (maximum of 212 mg/MJ); GAINS 
estimates are from Klimont et al. (2017); SIBYL from Emisia; COPERT from ICCT analysis of COPERT 
in Chambliss et al. (2013); LEAP-IBC from SEI; and EMEP/EEA from Ntziachristos & Samaras (2017).

Figure 6 shows that average BC emissions levels of in-use vehicles vary substantially 
across trade blocs as a result of differing fuel and vehicle standards. Europe has the 
lowest emissions levels and variability among countries due to harmonization of 
soot-free standards. Countries in Africa have the highest fleet average emissions levels 
resulting from nonexistent or outdated vehicle emissions standards, prevalence of 
high-sulfur fuels, and lax or nonexistent restrictions on used vehicle imports. Yet this 
region also offers the greatest potential for improvement with new policies in the high 
ambition scenario. Considering adopted policies only, the difference among regions will 
widen, with dramatically decreasing emissions levels in regions that have adopted Euro 
VI-equivalent standards such as India and NAFTA, whereas other regions improve very 
slowly with existing policies. As illustrated in the high ambition scenario, most regions 
have a tremendous opportunity to reduce BC and by 2050 achieve the fleet average 
emissions levels seen in leading regions.

“Soot-free” Euro VI equivalent standards reduce tailpipe PM2.5 emissions more than 
99% compared with uncontrolled levels, and 90% compared with Euro V.

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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§ Baseline
§ Timeline of vehicle emissions and fuel quality standards that were in force in 2015.

§ Adopted
§ Final regulations adopted as of May 2018, including those with a future implementation date.

§ Global Sulfur Strategy
§ Assumes all countries implement at least Euro 4/IV by 2025 and Euro 6/VI by 2030.

§ High Ambition
§ Assumes all countries implement at least Euro 4/IV by 2021 and Euro 6/VI by 2025.

Four policy scenarios facilitate the evaluation of emissions 
trends for diesel vehicles and the benefits of further action.

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018

https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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Ultralow sulfur diesel (ULSD) is a requirement for soot-free vehicles.
By 2021, more than 80% of the world’s on-road diesel will be ULSD.

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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trucks and buses, securing cleaner fuels is a critical milestone for achieving deep 
reductions in BC emissions.

2012 2015 2018 2021

24%

81%15% 71%

52%

12%

56%29%

2%

3%
7%

7%

3%

5%
4%

6%

Share of global road diesel energy consumption by sulfur content with adopted policies

Diesel sulfur <15 ppm 50 ppm 350 ppm 500 ppm >500 ppm

Figure ES-1. Share of global road diesel energy consumption by sulfur content with adopted 
policies. Adopted policies includes final regulations that have become law as of May 2018.

This study finds that in 2018, 40% of new heavy-duty diesel vehicles (HDDVs) sold 
worldwide are equipped with DPFs (Figure ES-2). This share is projected to grow to 
50% in 2021 after adopted Euro VI-equivalent standards have gone into force in India 
and Mexico. If China and Brazil introduce Euro VI-equivalent standards, the share of new 
HDDVs with DPFs would increase to 70%.1
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Other Europe 1.8%

USA 14.9%
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India 9.6%

China 17.8%

Other Asia Pacific 9.0%

Africa 7.2%

Global new heavy-duty diesel vehicle sales with diesel 
particulate filters under adopted policies in 2021

Technology
DPF
No DPF

Figure ES-2. Share of global new heavy-duty diesel vehicle sales with diesel particulate filters 
under adopted policies in 2021. Adopted policies include final regulations as of May 2018.

1 As of May 2018, Euro VI-equivalent standards were under consideration in China and Brazil.

https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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Since the CCAC initiated work on fuel desulfurization in 2012, a net 17 
countries have switched to 10 ppm diesel, and another 17 to 50 ppm.

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018

12

ICCT REPORT

12

2012 2015 2018 2021

24%

81%15% 71%

52%

12%

56%29%

2%

3%
7%

7%

3%

5%
4%

6%

Share of global road diesel energy consumption by sulfur content with adopted policies

Diesel sulfur <15 ppm 50 ppm 350 ppm 500 ppm >500 ppm

Figure 10. Share of global road diesel energy consumption by sulfur content with adopted 
policies. Adopted policies includes final regulations that have become law as of May 2018.

The number of countries with ultralow- and low-sulfur diesel has grown substantially 
since the CCAC initiated work on fuel desulfurization in 2012. Between 2012 and 2018, 
17 countries switched to ultralow-sulfur diesel, and another 17 made the transition to 
low-sulfur diesel (Figure 11). Yet most of the world’s countries still have average diesel 
sulfur levels well above 15 ppm, and there remain opportunities for desulfurization in 
every region (Figure 12). We estimate that at least 127 countries have average on-road 
diesel sulfur levels above 15 ppm; most of the countries with the highest sulfur levels of 
more than 500 ppm are in Africa. In regions that lack access to low- or ultralow-sulfur 
diesel fuel, importing these fuels or working with relevant government agencies and 
stakeholders to secure their availability are prerequisites to achieving substantial BC 
reductions for on-road diesel vehicles (Malins et al., 2016). Specific vehicle categories 
such as urban buses (Miller, Minjares, Dallmann, and Jin, 2017) or light-duty vehicles may 
be able to switch to alternative fuels given adequate pricing incentives or regulations. 
Yet, particularly for heavy-duty diesel trucks and buses, securing cleaner fuels is a 
critical milestone for achieving BC emissions reductions at scale.

Adopted Global Sulfur Strategy High Ambition
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Figure 11. Number of countries by average road diesel sulfur content under adopted policies, global 
sulfur strategy, and high ambition scenarios. Counts for years 2012 and 2018 are based on adopted 
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Two thirds of new heavy-duty vehicles worldwide will be soot-free in 2021.

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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While soot-free standards are increasing the share of new vehicles equipped with DPFs, 
the transition will take substantially longer for the in-use vehicle fleet to turn over and be 
replaced with cleaner vehicles. In 2012, 5% of in-use HDDVs were equipped with DPFs. 
This share tripled by 2018 to 15%. Under currently adopted policies, one in five in-use 
HDDVs worldwide will have a DPF by 2021 (Figure ES-3).
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Figure ES-3. Share of global heavy-duty diesel vehicle sales and stock equipped with diesel 
particulate filters. Projected sales and stock shares include the effects of adopted policies. 
Adopted policies include final regulations as of May 2018.

Compared with a baseline with 2015 policies, policies adopted as of May 2018 are 
projected to reduce global BC emissions from diesel road transport by 37% by 2040, 
equivalent to 40% below 2010 levels (Figure ES-4). As with the baseline scenario, 
further policies are still needed to counteract the global emissions increase projected to 
result from activity growth. Implementation of the Global Sulfur Strategy could reduce 
BC emissions to 88% below 2010 levels in 2040. Under a high ambition scenario, in 
which all countries implement at least Euro 4/IV by 2021 and Euro 6/VI by 2025, global 
BC emissions could be reduced to 75% below 2010 levels in the 2030 timeframe and 
93% below 2010 levels by 2040. The high ambition scenario would enable diesel road 
transport to deliver BC reductions in line with the global target for anthropogenic BC 
emissions proposed by the SAP (Shindell et al., 2017).

In 2011, an assessment by the United Nations Environment Programme (UNEP) and the 
World Meteorological Organization (WMO) identified a set of 16 short-lived climate 
pollutant (SLCP) mitigation actions in multiple economic sectors that could avoid 
0.5°C of additional warming by 2050 (UNEP and WMO, 2011). The SAP subsequently 
proposed 0.5°C, or 500 millidegrees (thousandths of a degree), as a near-term target to 

In 2021...

§ two thirds of new 
HD diesel vehicles 
worldwide will be  
“soot-free”

§ one fifth of existing 
HD diesel vehicles 
worldwide will be  
“soot-free”

https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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The balance of diesel BC emissions is shifting from regions 
with soot-free standards to regions without such standards.

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018

https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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Proposed targets:
1. Reduce global SLCP emissions from all sectors by enough to avoid 

0.5°C of warming over the next 25 years.
2. Reduce global anthropogenic BC emissions to approximately 75% 

below 2010 levels by around 2030.

Members of the CCAC Scientific Advisory Panel have 
proposed targets to reduce SLCP impacts and BC emissions.

Shindell, D., Borgford-Parnell, N., Brauer, M., Haines, A., Kuylenstierna, J. C. I., Leonard, S. A., … Srivastava, L. (2017). A 
climate policy pathway for near- and long-term benefits. Science, 356(6337), 493–494. https://doi.org/10.1126/science.aak9521
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High Ambition scenario could reduce BC from diesel road 
transport to 75% below 2010 levels in the 2030 timeframe.
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reduce SLCP temperature impacts over the next 25 years. Compared with the baseline 
scenario, the Global Sulfur Strategy (GSS) and high ambition scenarios would avoid 
77 millidegrees (0.077°C) of additional warming in 2050, equivalent to 15.4% of the 
500 millidegrees in SLCP mitigation identified in the 2011 UNEP-WMO assessment. The 
marginal benefits of the high ambition scenario compared with the GSS with respect to 
climate are evident when considering warming over the next 25 years, as opposed to 
at an endpoint such as mid-century. In 2030, the midpoint between 2018 and 2042, the 
high ambition scenario would avoid an additional 28 millidegrees of warming from the 
baseline scenario, compared with 19 millidegrees avoided by the GSS.
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Figure ES-4. Global black carbon emissions from diesel road transport, 2010-2040. Baseline: 
Includes the historical timeline of vehicle emissions and fuel quality standards and assumes no 
changes in policy implementation after 2015. Adopted: Includes final regulations that have been 
adopted into law as of May 2018 but may have a future implementation date. Comparison of the 
adopted and baseline scenarios yields the projected benefits of recently adopted policies. Global 
Sulfur Strategy: Evaluates the impacts of implementing the Initiative’s global strategy for cleaner 
diesel vehicles and fuels (Malins et al., 2016); this scenario assumes all countries implement at least 
Euro 4/IV by 2025 and Euro 6/VI by 2030, and some countries implement these policies sooner. 
High Ambition: In recognition that countries could move more quickly to reduce BC emissions 
than targeted in the Global Sulfur Strategy, the high ambition scenario assumes that all countries 
implement at least Euro 4/IV by 2021 and Euro 6/VI by 2025; some markets that are already 
considering Euro 6/VI are assumed to implement those standards a few years earlier.

These findings highlight both the need and the opportunity for more ambitious actions 
to support national governments in making the transition to cleaner fuels and vehicles. 
In 2016, 36 countries accounting for one-third of global new HDDV sales signed the 
Marrakech Communiqué. Those countries committed to adopt, maintain, and enforce 
world-class fuel quality and emissions standards for LDVs and HDVs (Climate and 
Clean Air Coalition, 2016). As of May 2018, 15 of the 36 signatories adopted soot-free 
standards for new HDDVs. These findings suggest the CCAC should continue to support 

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018

https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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Soot-free standards could avoid warming in 2050 equivalent to 15.4% 
of the 0.5℃ SLCP reduction identified in the 2011 UNEP-WMO study. 

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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Figure 22. Temperature pathways of 2015–2050 non-CO2 global diesel road transport emissions. 
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Introducing soot-free vehicles throughout Asia by 2025 is key to 
meeting the global target for BC reduction.
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the remaining 21 countries in adopting Euro VI-equivalent standards while inviting more 
countries to sign on to the objectives of the communiqué.

With the adoption of soot-free standards forthcoming in the largest vehicle markets, 
the remaining countries without such standards will account for 30% of new HDDV 
sales spanning more than 150 national jurisdictions. Harmonization of such policies 
across trade blocs will remain an important strategy to deliver more rapid progress 
than if each country were to develop regulations individually (Figure ES-5). Alignment 
of vehicle emissions standards, fuel quality standards, and used vehicle import 
policies among countries with strong economic ties could have the added benefit of 
eliminating or reducing barriers to progress such as competitiveness concerns, cross-
border traffic, limited access to cleaner fuels, and limited availability of vehicle models 
meeting local design specifications. Extending support for tightened standards to a 
short list of populous countries could also have an outsized impact on the global BC 
emissions trajectory.
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Cumulative BC mitigation potential of diesel road transport from 2018 through 2040 
achievable with high ambition scenario, compared with policies adopted as of May 2018
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Figure ES-5. Cumulative BC mitigation potential of diesel road transport from 2018 through 
2040 achievable with high ambition scenario, compared with policies adopted as of May 
2018. Area is proportional to remaining BC emissions mitigation potential after considering the 
effects of adopted policies. ASEAN, Association of Southeast Asian Nations; CIS, Commonwealth 
of Independent States; EAC, East African Community; ECOWAS, the Economic Community of 
West African States; GCC, the Gulf Cooperation Council; MERCOSUR, Southern Common Market 
(South America); NAFTA, the North American Free Trade Agreement; SADC, Southern African 
Development Community; SICA, Central American Integration System.

Source: Miller, J., and Jin, L. (2018). Global Progress Toward Soot-Free Diesel Vehicles.
https://www.theicct.org/publications/global-progress-toward-soot-free-diesel-vehicles-2018
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