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ABSTRACT 
Almost all passenger cars (PC) in Brazil are flex fuel (can run any proportion of petrol and ethanol) and 
diesel fuel is prohibited to these cars; diesel is available for vans and pickup trucks, as well petrol and 
ethanol. However, there is a proposal under discussion to introduce diesel PC in Brazilian market, 
arguing that they have better autonomy and emit less CO2 and pollutants. The goal of this paper  is to 
show the impact on pollutants and CO2 emissions  from diesel PC being offered as a main option; it 
will be discussed also an alternative scenario, the environmental impact if Internal Engine Combustion 
(ICE) vehicles are banned in favor of electric ones. Data analysis was performed on type-approval tests 
of petrol / flexfuel light duty vehicles (LDV). For the first case, the projection for introducing PC diesel 
in SPMR market shows a significant increase in NOx emission, small rise for fine particulate matter 
(PM2.5) and little reduction for HC, CO and total CO2, although with significant rise for fossil CO2. The 
alternative scenario, replacing ICE PC with electrics, shows high reduction for NOx, some gain for CO2 
and PM2.5 and small decrease for CO and HC. Thus, the use of diesel PC will lead to NOx increase; by 
other hand, biofuels can reduce CO2 but will increase NMHC and CO emissions. Electric PC may be a 
good option but requires time to replace ICE vehicles and bringing effective environmental gain. 
Keywords: diesel cars, NOx, PM2.5, air pollution, biofuels. 

1  INTRODUCTION 
In Brazil, commercial fuels are petrol containing between 20 to 25% ethanol, 100% ethanol, 
petroleum-derived diesel with 8% biodiesel and compressed natural gas (CNG). Since early 
1980s it was available, in the Brazilian market, vehicles moved for 100% ethanol and in the 
2000s the sales of the so-called flexfuel vehicles began, which are able to burn petrol and 
ethanol in any proportion [1]. Diesel fuel is prohibited by law for passenger cars (PC) because 
this fuel receives a lower tax, which reduces the price of trucks freight and bus fares [2], as 
a consequence, almost all PC in Brazil are flexfuel. Commercial light duty vehicles (LDV), 
such as vans, SUVs and light pickup trucks may have either petrol or diesel internal 
combustion engines (ICE). Usually heavy-duty vehicles (HDV) have only diesel ICE. 
     However, a proposal to introduce diesel PC in Brazilian market is under discussion, 
arguing that a modern diesel ICE has better autonomy and emits less CO2 and pollutants than 
petrol ICE. Thus, this paper aims to project what would be the impact on the emissions of 
NOx, PM2.5, NMHC (hydrocarbons except CH4) and CO2 if diesel PC would be offered as 
main purchase option; an alternative scenario will also be discussed, what would be the 
environmental impact if ICE vehicles would be banned in favor of electric ones. 
     This study is based on the Brazilian methodology for vehicular emissions inventory and 
is focused in the Sao Paulo Metropolitan Region (SPMR), the biggest Metropolitan Region 
in Brazil. Data analysis was performed based on type-approval laboratorial tests of LDV 
models offered in Brazilian market with both petrol/flexfuel and diesel engines. 
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2  VEHICLES AS POLLUTANTS SOURCE 
SPMR is one of the largest metropolitan areas of the world, with 39 cities, about 20 million 
people and 7.4 million vehicles [3]. The main sources of SPMR atmospheric pollutants are 
vehicles and industries, aside from biomass burning, particulate resuspension and emissions 
from fuel production and distribution [4]. Fig. 1 shows the relative proportion in mass of 
atmospheric pollutants emissions by sources in SPMR. 
     There is a federal program in Brazil that works since late 1980s for pollutants from 
vehicles, called Program for Control of Air Pollution from Automotive Vehicles 
(PROCONVE) [5]. PROCONVE is based on similar programs from Europe and USA, where 
the principle is to set emissions limits for new vehicles which are periodically reduced and 
compliant to these standards being demonstrated through standardized type-approval tests in 
laboratory and statistic control of production [5].  
     These efforts reach positive outputs, due to the introduction of new technologies for 
automotive pollution control. So, despite the rise in car usage, it was achieved significant 
reduction of SO2, CO and MP10 emissions and consequently an improvement in air quality 
[5], [6]. However, tropospheric ozone (O3) and PM2.5 are still a concern in SPMR; their 
precursors, such as NOx and volatile organic compounds (VOC), come mainly from vehicles 
[4]. O3 level frequently exceeds Sao Paulo State standard of 140 mg/m3 for 8-hours average, 
as shown in Fig. 2 and 3. 
     Ozone formation is highly influenced by the presence of CO, NOx and VOC as well as 
ultraviolet radiation level, air humidity and winds [4], [7], [8]. NOx is responsible not only 
for ozone formation but as a pollutant itself, that can cause irritation to nose, eyes and mucous 
membranes with capacity to cause respiratory diseases, such as emphysema and cancer [9]. 
Other effects for high concentration of NOx are formation of PM2.5 and nitric acid (HNO3) 
[10], [11]. The issue of Greenhouse Gases (GHG) should not be discarded either; SPMR 
vehicular fleet corresponds to more than 13,000 metric tons per year of Equivalent CO2 and 
PC alone are responsible for 54% of this amount [3]. 
 

 

Figure 1:  Air pollutants: relative contribution by source in SPMR [4]. 
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Figure 2:  Number of days exceeding ozone standard in SPMR [4]. 

 

Figure 3:  Ozone concentration 3-years moving average in SPMR [4]. 

3  METHOD 
This analysis was focused in SPMR, which has a significant part of Brazilian’s fleet. About 
30% of all Brazilian vehicles are in the Sao Paulo State [12] and approximately half of the 
state fleet is running in SPMR [3].  
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3.1  Database 

CETESB, besides its role as the Environmental Sao Paulo State Agency, is a technical agent 
for vehicular type-approval purposes for the Brazilian Environmental Protection Institute 
(IBAMA), therefore it has a large database from homologation laboratory tests. To this study 
it was selected results from tests made between 2011 and 2016, so under PROCONVE 
regulation L5 and L6 (PC and LDV Phase 5 and Phase 6), close equivalent to Euro 4 and 
Euro 5 standards [13].  
     The vehicles were chosen under the criteria of similarities, i.e., the requirements for the 
same model are: available diesel and petrol/flexfuel engines, same number of cylinders and 
approximately same cubic capacity and power. This research results in typical emission 
factors for NOx, CO, PM2.5, NMHC, total CO2, fossil CO2 and fuel consumption for diesel, 
petrol and ethanol. The difference between “total CO2” and “fossil CO2” is because Brazilian 
petrol contains in average 22% ethanol and diesel has 8% biodiesel; for fossil CO2 is not 
taken in account the CO2 from biofuels.  

3.2  Actual NOx emission 

For the calculations of emissions inventory projections, it was also considered the actual NOx 
emission, which is the typical NOx emission for Real Driving Emission (RDE). Many studies 
point to RDE NOx emissions up to 25 times above the legal limits [14]–[19]. According to 
results found in CETESB research developed for IBAMA evaluation of some Brazilian diesel 
LDVs in the case known as “Dieselgate” [20], it was adopted as Actual NOx Factor an index 
of 4 times the average of NOx laboratory results. 

3.3  Emissions Inventory projection 

The first scenario is when diesel cars are offered as main purchase option. Considering that 
50% of European fleet are diesel cars [21], to project the same proportion in SPMR, 90% of 
PC sales will have to be diesel PC, in a period of 6 years. This projected fleet is evaluated in 
the SPMR Vehicular Pollutants Inventory and the results are compared to actual inventory. 

3.4  Alternative scenario 

It was also projected this alternative scenario: what would be the impact in a fleet where 
diesel cars represent 50% of all PC – the European proportion – and half of them are replaced 
for Zero Emission Vehicles (ZEV), carried on the same projection for 6 years. 

4  RESULTS AND DISCUSSION 

4.1  Characteristics of the vehicles in the database 

It was analyzed 147 tests from 16 different models of LDV, mainly SUVs, vans and light 
pickup trucks, powered by diesel and petrol/flexfuel. Table 1 shows a summary of the main 
characteristics of these vehicles. 
     The averaged emissions factors from type-approval tests database are shown in Table 2. 
In all cases, the proportion of ethanol in petrol was 22% and 8% of biodiesel in the diesel. 
     An important point must be highlighted here about CO2 emission: the average difference 
between Otto (petrol/ethanol) and diesel engine is very small, just 5.5%, quite different from  
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Table 1:  Main characteristics of the samples. 

 Petrol 
Ethano
l 

Diesel 

Number of tests evaluated 59 33 55 
Cubic capacity (average - 
cm3) 

2,630 2,336 2,743 

Maximum Power (average - 
kW) 

169.1 128.6 155.1 

Table 2:    Averaged emission factors (g/km). (Source for PM2.5 for petrol/ethanol engines: 
SILVA [22].) 

 Petrol Ethanol Diesel 

Total CO2 245.5 221.4 231.9 
Difference: Baseline -9.8% -5.5% 

Fossil CO2 191.5 0 224.9 
Difference: Baseline -100% +17.5% 

Consumption (km/liter) 8.84 6.78 11.4 
Difference: Baseline -23.3% +29.5% 

NOx 0.033 0.041 0.281 
Difference: Baseline +26.6% +760.0% 

Actual NOx 
(4x lab emission factor) 

0.033 0.041 1.124 

Difference: Baseline +26.6% +3,306.1% 
PM2.5 0.002 0.002 0.096 

Difference: Baseline 0% +381.7% 
CO 0.316 0.451 0.059 

Difference: Baseline +42.8% -81.5% 
NMHC 0.016 0.022 0.011 

Difference: Baseline +33.2% -36.1% 
 
what is promoted by manufacturers in order to incentive diesel PC as solution for reducing 
CO2 emission. Aside from that, when the portion of CO2 from renewable fuels is discounted, 
diesel fuel is in a clear disadvantage, producing 17.5% more fossil CO2 than the Brazilian 
petrol. It is important to keep in mind that a diesel vehicle saves fuel (+29.5%) in relation to 
petrol PC, but produces almost the same CO2 per kilometer. One possible explanation for 
these results can be given by the amount of carbons atoms per molecule: in diesel fuel there 
are typically 8 to 16 atoms of C, in petrol 4 to 12°C and in ethanol only 2 carbons (C2H6O) 
[23]–[25]. 

4.2  Projections for emissions inventory 

When these emissions factors are applied in the calculations for emissions inventory, it is 
possible to have a better view of diesel PC influence in the environment, as can be seen in 
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Table 3, 4 and 5. Here, “Equivalent CO2” means that in the calculations is weighted the 
carbon footprint from fossil CO2, CH4 and N2O, CO2 emission from biofuels is considered as 
zero [3]. 
      Although PC represents 71.5% of SPMR fleet [3], its actual contribution is not 
proportional, especially for NOx and PM2.5, because HDV are the main source of these 
pollutants, but its CO and NMHC emission are significant. 
     Observing Table 5, we can see that when the proportion of diesel PC increases in the fleet, 
the weight of NOx emissions grows significantly and there is some increment for PM2.5; 
Equivalent CO2 has a negligible reduction and CO and NMHC participation reduces but 
remains significant. When is considered the “actual” NOx emission, it will add 24.2 thousand 
metric tons/year and will answer for 42% of the vehicular NOx with a small reduction for 
GHG. 
 

Table 3:  PC contribution for actual emissions from SPMR fleet (metric tons/year). 

 PC emission Total emission % from PC 

Equivalent CO2 5,163 13,117 39.4% 

NOx 8,989 54,355 16.5% 

PM2.5 67 1,434 4.7% 

CO 82,203 127,157 64.6% 

NMHC 20,029 29,031 69.0% 

Table 4:  PC contribution in SPMR – 50% of the fleet as diesel PC (metric tons/year). 

 PC emission Total emission % from PC 

Equivalent CO2 5,094 13,048 39.0% 

NOx (laboratory factor) 14,413 59,799 24.1% 

Actual NOx 33,238 78,605 42.3% 

PM2.5 143 1,509 9.5% 

CO 72,703 117,657 61.8% 

NMHC 17,155 26,158 65.6% 

Table 5:  Comparison Actual x Projected: Total emissions (metric tons/year). 

 
Actual 

(No diesel PC) 

Projection 
(50% fleet 
diesel PC) 

Difference 

Equivalent CO2 13,117 13,048 -0.5% 

NOx (laboratory factor) 54,355 59,799 +9.1% 

Actual NOx 54,355 78,605 +30.9% 

PM2.5 1,434 1,509 +5.0% 

CO 127,157 117,657 -8.1% 

NMHC 29,031 26,158 -11.0% 
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     It is possible to affirm for this projection that NOx itself tends to become a critical pollutant 
that could worsen the secondary formation of PM2.5 (not estimated here), on the other hand, 
the reduction for CO and NMHC emission can result in some improvement for O3 issue. For 
PM2.5, the expected influence of diesel PC was not found in the projections. Two factors 
could explain this, among others: firstly, PC and LDV make use of diesel particulate filters 
(DPF) in the exhaust system, so the mass of PM2.5 from diesel PC is very lower than HDV, 
which, in Brazil, this technology is still not applied; second, the mass of fine particulate is 
very low, even at high particle number, so a small increment in PM2.5 mass can represent a 
huge emission in number of particles. 

4.3  Alternative scenario 

When the alternative of no more selling ICE PC is analyzed, it must be considered that 
replacement for new electric vehicles does not happen immediately but requires some time 
to be done, meanwhile old PC will still be running and burning petrol, diesel and ethanol, 
along with motorcycles and HDV, all these emitting pollutants and CO2. 
     Thus, the 6-years projection for this scenario, as summarized in Table 6, shows a large 
reduction in NOx emission but only some reduction for CO2 and PM2.5 and negligible 
influence for NMHC and CO. 

5  CONCLUSIONS 
All projections go against the idea of diesel cars as a low pollutant vehicle which reduces 
CO2 emission significantly but adopting diesel PC as the main choice leads to a huge NOx 
increase, making the air pollution even worse in metropolitan areas. 
      On the other hand, the use of biofuels, which is nowadays available in many countries 
[26], can bring a short time reduction in GHG, although with some increase for NHMC and 
CO, which are ozone precursors.  
     Electric PC, however, may be a good solution for air pollution, but the projection shows 
that the environmental gain is not immediate, but it will take some time to be effective. There 
are side questions about electric cars, not discussed here, but should be considered, among 
others, as higher electric vehicles prices, final disposal for weak batteries and availability of 
energy supply and overcharge of the grid. 
 

Table 6:  Comparison: 50% fleet w/diesel PC x no sales for ICE PC (metric tons/year). 

 
Baseline: 
50% fleet 
diesel PC 

Projection 
(no ICE PC 

sales) 
Difference 

Equivalent 
CO2 

13,048 11,710 -11.4% 

Actual NOx 78,605 53,409 -47.2% 

PM2.5 1,509 1,413 -6.8% 

CO 117,657 115,107 -2.2% 

NMHC 26,158 25,999 -0.6% 
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