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Overview 

 

1.  Purpose 

To study what effects the mixing of residual oil and the use of decarbonized fuels such as synthetic fuels have on 

emissions, we conducted a study for use in the review of permissible limits for automobile fuel properties and 

permissible limits for the amounts of substances contained in automobile fuels based on Japan’s Air Pollution Control 

Law. 

 

2.  Introduction 

The particulate matter (PM) emissions and PM particle numbers (PN) of diesel trucks were measured using JIS 

No. 2 diesel fuel (JIS No. 2), as well as hydrotreated vegetable oil (HVO) which have a track record of general use in 

the market, diesel fuel used for certification tests in Japan (certification diesel fuel), and heavy component-increased 

certification diesel fuel (heavy diesel fuel). 

 

3.  Methods 

3.1  Tested vehicle and test cycles 

We rented a diesel transport truck (compliant with 2016 emissions regulations and equipped with a urea SCR 

system) with a 25-ton gross vehicle weight and that is sold in Japan. Emissions measurements were compliant with 

World Harmonized Vehicle Cycle (WHVC) mode and were performed three times each under both cold start and hot 

start conditions. Emissions were calculated for each starting condition, while weighted values for cold start and hot 

start tests similar to the World Harmonized Transient Cycle (WHTC) were also calculated as a reference. 

 

 

3.2  Test fuels and survey items 

Four types of test fuels were used in this study: JIS No. 2, HVO, certification diesel fuel, and heavy diesel fuel. 

Of these, HVO is a fuel made by hydrocracking waste cooking oil and satisfies the JIS No. 2 standard. HVO was 

adopted as a synthetic fuel and decarbonized fuel expected to be used in existing vehicles in the future. Assuming that 

fossil fuels could be used effectively by mixing residual oil, the heavy diesel fuel used in the study was made heavy 

by adding a naphtha-derived solvent and cetane improver to certification diesel fuel. 

Emissions survey items are shown in the summary table. 
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Summary table - List of survey items 

 

 

4.  Results 

We mainly confirmed emissions of PM, PN, and carbon elements in PM that are presumed to be susceptible to 

the characteristics of test fuels, as well as the emissions of nitrogen oxides that may be affected by the nitrogen in 

cetane improvers. When observing emissions, we compared JIS No. 2 and HVO to confirm their effects when used 

in existing vehicles, and compared certification diesel fuel and heavy diesel fuel to confirm their effects when made 

heavy. The main results we obtained are as described below. 

 

�  PM, PN and carbon elements in PM 

Increases in PM and PN emissions had been expected. However, because there was a large amount of overlapping 

in the error bar range indicating the minimum and maximum emissions for each fuel when cold starting at an average 

of 0.60 to 1.0 mg/kWh and when hot starting at an average of 0.57 to 0.87 mg/kWh, we observed no significant 

differences in emissions between the fuels tested. Compared to JIS No. 2, PN emissions for HVO increased slightly 

by 1.1x during cold starting and decreased by 0.69x during hot starting. However, considering the error bar range for 

cold starting and the low emission levels during hot starting, we felt that the fuel-based difference in emissions on 

fuel was insignificant. Although the PN emissions of heavy diesel fuel were similar to or higher than those of 

certification diesel fuel, the difference was insignificant considering emission levels and the error bar range. 

 

�  Nitrogen oxides (NOx, N2O) 

NOx emissions from HVO were 0.68x to 0.89x lower than JIS No. 2. When confirming the effects of increased 

nitrogen content due to cetane improvers added to heavy diesel fuel, it was observed that heavy diesel fuel had NOx 

emissions that were 1.6x higher during hot starting than that of certification diesel fuel. However, because JIS No. 2, 

which has the same nitrogen content as certification diesel fuel, has emissions comparable to heavy diesel fuel, and 

because there is no significant difference between certification diesel fuel and heavy diesel fuel in terms of NOx 

during cold starting or N2O emissions during hot starting, we felt that the nitrogen derived from the cetane improver 

did not have a significant effect. 

 

 

Emissions
Time series
behavior

 Particulate  PM �s  Regulated substance
 matter  PN �s �s  Regulated substance

 Carbon element �s
 Organic carbon (OC), Elemental carbon (EC)
 Total Carbon (TC�YOC�TEC)

 Gaseous  Carbon monoxide (CO) �s �s  Regulated substance
 substances Carbon dioxide (CO2) �s �s  Greenhouse gas

 Total hydrocarbons (THC) �s �s
 Non-methane
 hydrocarbons (NMHC)

�s  Regulated substance

 Nitrogen oxides (NOx) �s �s  Regulated substance
 Nitric oxide (NO) �s
 Nitrogen dioxide (NO2) �s
 Nitrous oxide (N2O) �s  Candidate substances for Euro 7 regulation, Greenhouse gas
 Ammonia (NH3) �s  Candidate substances for Euro 7 regulation
 Formaldehyde (HCHO) �s  Candidate substances for Euro 7 regulation

  Survey items
Collected items

  Remark
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�  Other survey items 

In the test vehicle used in this study, no substances were found to have emissions that increased significantly due 

to the use of heavy diesel fuel, which is assumed to be mixed with residual oil, or due to the use of HVO, which is a 

decarbonized fuel. This led us to believe that the air environment would suffer no more significant deterioration than 

would be the case with regular diesel fuel in the event the vehicle was actually driven in an urban area. 

 

5.  Future issues 

Two years of study, including this study, have shown that the presence of effects of heavy fuels on diesel truck 

emissions will depend on the type of vehicle used. That said, HVO was found to have no significant effects on 

emissions during this study. However, a study conducted in ���1���
����5�/�������
  1 confirmed a tendency for 

PM and PN to increase, meaning that the presence of effects may vary depending on the vehicle model in the same 

manner as heavy fuels. 

Because diesel vehicles feature complex post-treatment devices such as catalysts and DPFs and have a wide range 

of engine displacements, we expect that any effects on emissions will differ depending on the combination of fuel 

type and vehicle type used. Furthermore, despite future advances in vehicle electrification aimed at achieving 

decarbonization, vehicles that are difficult to electrify, such as hybrid vehicles and vehicles with large displacements, 

will continue to require liquid fuels for the time being. 

For this reason, we feel it is important to accumulate knowledge on topics such as the effects of heavy and 

decarbonized fuels, as well as on models with many existing vehicles and vehicles that are difficult to electrify, by 

continuing to study vehicle models that have yet to be studied thus far and vehicles from other manufacturers.�
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