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ABSTRACT

Ambient air pollution is a global environmental challenge, especially in densely populated
regions. In urban areas, road traffic is an important source of fine particulate matter (PM25) and
nitrogen oxide (NOx) emissions, primarily due to exhaust gases. The adoption of paraffinic
renewable diesel fuels for urban transportation has been suggested as a more sustainable and less
air polluting alternative to conventional fossil fuels. The aim of this study is, therefore, to
examine whether the transition from the conventional fossil fuel diesel to paraffinic renewable
diesel (hydrotreated vegetable oil [HVO] according to the EN 15940 standard) can reduce PM2s
and NOx emissions in an urban environment. The life cycle assessment-based handprint
approach is utilized to calculate and demonstrate the emissions reduction. The reduction
potential is quantified for Euro 4, 5 and 6 passenger diesel cars using actual car fleet, mileage,
local temperature, and laboratory emissions measurements for 2018 in Helsinki, Finland. Our
study shows that the use of HVO can reduce PM2.s and NOx emissions in urban areas. According
to our results, PM2s emissions could be reduced by 49% for the defined location and car fleet by
replacing conventional fossil-fuel diesel with HVO. In the case of NOx emissions, the local
reduction potential is 7%. Overall life cycle emissions reduction potentials of NOx and PMz s
emissions are 11% and 44%, respectively, if conventional diesel is replaced by HVO. Thus, the
manufacturer of HVO can communicate the air quality handprint, and in particular, the NOy and
PM2 s handprints, that their product can achieve.

Keywords: air pollution, hydrotreated vegetable oil, HVO, nitrogen oxide, fine particulate
matter, air quality handprint
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1. Introduction

Outdoor air pollution is a significant environmental health risk that is estimated to have caused
approximately 4.2 million premature deaths worldwide in 2016 (WHO, 2018). Air pollutants
increase cases of respiratory, vascular and heart diseases and have adverse effects on ecosystems
and the climate (EEA, 2018a). Air pollution is closely related to global climate change because
the combustion of fossil fuels is the main anthropogenic source of greenhouse gases, airborne
particulate matter, sulphur and nitrogen oxides, and short-lived air pollutants such as black
carbon and methane (Landrigan et al., 2018; Perera, 2017; Scovronick et al., 2015). Ambient
(outdoor) air pollutants are typically particulate matter (PM), ozone (O3), nitrogen dioxide (NO2)
and sulphur dioxide (SO2) (WHO, 2018).

The adverse health impacts of poor air quality are concentrated in urban areas, which are not
only population centres but also emissions hotspots, primarily due to traffic emissions. The main
air pollutant compounds in cities that adversely affect human health are fine particulate matter
and nitrogen oxides (NOx) (EEA, 2019). Fine particulate matter with a diameter of 2.5 microns
or less (< PM25) has been recognized as having the most significant effect on human health as it
can penetrate the lung barrier and enter the blood system (Anderson et al., 2012; H&nninen et al.,
2014; WHO, 2018). Additionally, PM2semissions include various substances harmful to human
health, such as heavy metals (Mazziotti-Tagliani et al., 2017; Soleimani et al., 2018), carbon
compounds (Park and Lee, 2015) and sulphurs and carcinogens (WHO, 2003). Nitrogen oxides
(NOx) comprise nitric oxide (NO) and nitrogen dioxide (NO.) (EEA, 2019). At high
concentrations and under long-term exposure, NO> can cause inflammation of the airways,
reduced lung function and other respiratory symptoms (WHO, 2003). Nitrogen oxides also have
detrimental effects on environment, such as ozone layer depletion and acidification when
dissolved in water bodies (Boningari and Smirniotis, 2016; Sepehri et al., 2020)

Road traffic is the biggest source of NOy in EU-28 countries, and it was responsible for 39% of
all NOx emissions in 2017 (EEA, 2019). NOx emissions from road vehicles are problematic since
they are released near ground level, often in densely populated areas where the number of
exposed citizens is high. The transportation sector is also an important contributor to fine
particulate emissions, although sources of PM:.s emissions vary considerably depending on
location, geographical characteristics and meteorological conditions (Vallius, 2005; WHO,
2018). PM2 s emissions from road traffic derive from exhaust gases but also from non-exhaust
sources, such as brake wear, road wear, tyre wear and road dust resuspension (Amato et al.,
2014). In European cities, road transport is assumed to be responsible for around 12% of primary
fine particulate matter emissions (EEA, 2018b), and in OECD countries the proportion can be
much higher (OECD, 2020). Nevertheless, emissions from vehicle exhausts have decreased
significantly in recent years due to tightened emission legislations (EEA, 2019). At the EU level,
this includes stricter emission standards (e.g. Euro 1-6) (EC, 2018, 2007) and the imposition of
requirements for fuel quality (EC, 2009). However, the overall emissions from the transport
sector have decreased less than expected because of the increase in passenger and freight
volumes (EEA, 2018b). Furthermore, NOx emissions under real driving conditions, particularly



from diesel-powered passenger cars and vans, have shown to be higher in many cases than is
permitted under European (Euro) emission regulations (EEA, 2018b; Kadijk et al., 2016). One
explanation for this is that previously used test cycles did not represent real driving practices;
hence, more accurate test cycles have since been developed and adopted for emissions
measurement (Degraeuwe and Weiss, 2017).

As well as being responsible for a substantial amount of greenhouse gas emissions, diesel-
powered vehicles have traditionally been significant sources of both NOxand PM2 s emissions
(Prasad and Bella, 2010; Resito}u et al., 2015). As an alternative to conventional fossil-fuel
diesel, bio-based diesel has shown to offer advantages in terms of greenhouse gas and pollutant
emissions (Naik et al., 2010). It is assumed that due to the properties of biofuel, the combustion
process in the engine produces less air pollutant compounds than the combustion of conventional
diesel and may thus reduce local air pollution. However, the characteristics and amount of air
pollutant emissions from bio-based diesel vary depending on the composition of the fuel and the
source of the raw materials (Lapuerta et al., 2008; Suarez-Bertoa et al., 2019). Bio-based diesel
can be produced, for example, from different types of vegetable oils, used cooking oils and
animal fats (Dimitriadis et al., 2018). The combustion of first-generation biodiesels produced
from esterified vegetable oils (FAME) showed a reduction in particulate matter, hydrocarbon and
carbon monoxide emissions but an increase in NOx emissions compared to conventional diesel
(Giakoumis et al., 2012; Hoekman and Robbins, 2012; Hutter et al., 2015; Torregrosa et al.,
2013; Wu et al., 2009).

More advanced biofuels, such as hydrotreated vegetable oil (HVO), Fischer-Tropsch (FT) diesel
and dimethylether (DME), were developed to offer a more sustainable alternative to first-
generation biodiesels. The usage of HVO has been shown to result in reduced particulate matter,
hydrocarbon and carbon monoxide emissions compared to conventional diesel (Happonen et al.,
2013; Kuronen et al., 2007; Pflaum et al., 2010; Pirjola et al., 2019; Sugiyama et al., 2012).
Reductions in particulate matter and carbon monoxide emissions are mainly due to the high
cetane number and zero aromatics of HVO (Pflaum et al., 2010; Sugiyama et al., 2012).
Research results concerning NOx emissions from HVO combustion are not consistent and
unequivocal since NOx emissions vary for different types of engine technology, fuel properties,
test cycles, type of fuel injection system and other engine parameters (Aatola et al., 2009; Erkkila
etal., 2011; Pechout et al., 2019). Some studies have observed NOx reductions for HYO
compared to conventional diesel (Aatola et al., 2009; Bohl et al., 2018; Hemanandh and
Narayanan, 2017; Ogunkoya et al., 2015; Pechout et al., 2019; Pflaum et al., 2010), whereas
other studies have shown comparable or increased NOy emissions from HVO combustion
(Dimitriadis et al., 2018; Happonen et al., 2013; Kousoulidou et al., 2014; Millo et al., 2015;
Sugiyama et al., 2012). Regarding carbon dioxide emissions, HVO has shown to have lower
global warming potential (GWP100) when taking the whole life cycle into account (Arvidsson et
al., 2011; Gronman et al., 2019) as well as lower tailpipe carbon dioxide emissions (Nylund et
al., 2011).



Although numerous studies have examined air pollutant emissions from different bio-based and
fossil fuels, there is still a lack of understanding of how the transition from fossil fuels to
renewables would affect emissions and air quality in cities. The potential for a reduction in PM2s
and NOx emissions when transitioning to renewable diesel is usually studied based on laboratory
emissions measurements, and transition effects in a real operating environment are often
neglected. To our knowledge, only a few studies have assessed the change in the emission levels
at the urban scale when bio-based diesel fuel is used instead of conventional diesel (Dias et al.,
2019; Hutter et al., 2015; Pino-Cortés et al., 2015; Ribeiro et al., 2016). Furthermore, these
studies focused on FAME and not HVO.

Hence, this paper aims to identify and quantify whether using HVO in passenger diesel cars can
reduce NOxand PMz s exhaust gas emissions in an urban Nordic city (Helsinki, Finland), and if
so, by how much. In the study, we combine the laboratory measurement of emissions data with
local car fleet, vehicle mileage, and weather observations. Life cycle NOxand PM2.s emissions
are also taken into account to observe possible trade-offs in emissions between life cycle stages.
Previous studies have mainly concentrated on tank-to-wheel emissions since their impact on
local air quality has been recognized to be the most significant. In this work, however, we also
include well-to-tank life cycle analysis. One aspect of the novelty of this article is that our study
combines emissions from Euro 4, 5 and 6 diesel passenger cars operating under different ambient
temperatures because previous studies have shown a clear temperature-dependency for vehicle
emissions (Grange et al., 2019; Ko et al., 2019; Suarez-Bertoa and Astorga, 2018). Laboratory
measurements on emissions are conducted using the Worldwide Harmonized Light VVehicles Test
Cycle (WLTC) (EC, 2017; EU, 2017), which more closely resembles real driving conditions —
and hence, emissions — than the previously used New European Driving Cycle (NEDC)
(Degraeuwe and Weiss, 2017).

The research presented in this paper adopts the guidelines for handprint thinking presented by
Gronman et al. (2019) and Pajula et al. (2018). The handprint approach offers guidance on how
to set up a comparison between a novel solution and the business-as-usual situation. This allows
the change, or preferably the reduction, in emissions to be seen when the new solution is
introduced in the same operating environment as the baseline solution. The handprint approach is
based on the standardized life cycle assessment (LCA) method and was originally developed to
quantify the greenhouse gas reduction potential of products when used by a customer; this is the
first attempt to utilize the handprint guidelines in an outdoor air quality setting.

2. Methods

The carbon handprint assessment approach for a product is structured on a framework with step-
by-step guidance (Pajula et al., 2018), which is slightly modified here for the assessment of air
quality changes. These modifications to the original carbon handprint approach are presented in



yellow in Figure 1. The right-hand side in the same figure outlines the paraffinic renewable
diesel case examined in this study using the modified handprint approach for air quality.
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Figure 1. Framework for the air quality handprint approach using the case study of replacing
conventional diesel with paraffinic renewable diesel in passenger cars in Helsinki in 2018.

The fuel examined here is HYO made from used cooking oil. HVO is a paraffinic renewable
diesel fuel with zero aromatics and meets the requirements of the EN 15940 standard. The city of
Helsinki, Finland, was assumed to be the customer in this case, meaning the assessment
examined how a change of diesel fuel would affect the amounts of selected air pollutants in the



Helsinki region. The examination covered the entire year of 2018, which was the most recent
year for which representative data were available. The handprint approach, when applied to air
quality, requires an additional step to identify the relevant indicators, in this case, airborne
pollutants. This paper investigates PM2sand NOx emissions because they have been identified as
important contributors to ambient air quality in cities (Martinez-Bravo and Martinez-del-Rio,
2020). Additionally, traffic exhaust emissions, especially from diesel-powered vehicles, are a
major source of these compounds in urban areas (EEA, 2019; Karagulian et al., 2015; Prasad and
Bella, 2010). Moreover, PM2 s has been identified as being very harmful to human health, and
NOx also adversely impacts on health (Anderson et al., 2012; Hanninen et al., 2014; WHO,
2003). Sulphur oxide and ground-level ozone were excluded from the study as, as in most of
Europe, legislation in Finland sets limits on the sulphur content of road fuels. Hence, SOx
emissions from road traffic have declined markedly since the early 1990s and SOy levels in
Finland are well below the limit set to protect human health (Finnish Environment Institute,
2015; IEA, 2016). Ground-level ozone was excluded because it is formed in photochemical
reactions involving volatile organic compounds and NOy and does not itself occur in emissions
(Zhang et al., 2019).

The hypothesis for creating an air quality handprint is that the transition from conventional fossil
fuel diesel to HVO decreases NOx and PM2 s emissions due to the cleaner combustion process in
the vehicle’s engine. In this study, the 100% conventional diesel used in Helsinki was substituted
with 100% HVO. Thus, conventional diesel serves as the baseline product in this case. The
baseline diesel contained 7% biocomponents, in this case FAME, which is in line with current
European fuel standards that allow up to 7% biodiesel volume in fossil fuel diesel (EN 590:2013,
2017). The replacement of conventional diesel was studied for a defined fleet representing
diesel-powered passenger cars from three different Euro regulation tiers (Euro 4, 5 and 6). Euro
4 regulations came into effect in 2005, Euro 5 in 2009 and Euro 6 in 2014 (DieselNet, 2020).

In 2018, the total vehicle mileage in the Helsinki city area was 2 463 million kilometres. The
calculated share of passenger vehicles was 1 645 million kilometres and the share of diesel
passenger vehicles was 420 million kilometres. Euro 4, 5 and 6 diesel-powered passenger cars
corresponded to 26% of all passenger vehicles and 17% of all vehicles in Helsinki. The
proportions of Euro 4, 5 and 6 of all diesel passenger vehicles in Helsinki were 17%, 35% and
42%, respectively. (Figure 2)
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Figure 2. Examined vehicles in Helsinki in 2018.

The functional unit used in the study was kilometres driven by the defined diesel-powered
passenger vehicle fleet in the Helsinki city area in the year 2018. A more detailed depiction of
the vehicle fleet is presented in Table 1.

Other
Diesel passenger vehicles passenger All
vehicles assenger
Olnizis pvehiclgs
Euro 4 | Euro 5 | Euro 6*| Euro In total In total
classes
Number of passenger| o ..\ | 17744 | 20061 | 3068 | 50114 | 146 110 196 224
vehicles
Million kilometres 69.74 148.73 | 175.62 | 26.05 | 420.13 1224.87 1 645.00

*Includes both Euro 6 and Euro 6dTemp class diesel passenger cars.

Table 1. Number of passenger vehicles and driven kilometres in Helsinki in 2018.

The examination included the entire well-to-wheel life cycle of the studied fuels. However, the
results are presented separately for the production phase (well-to-tank) and use phase (tank-to-
wheel) as those emissions occur in different geographical locations (Figure 3). Use phase covers
exhaust emissions that are emitted during the drive.
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Figure 3. System boundaries.

The well-to-tank emissions of the renewable diesel were derived from the manufacturer; in the
case of conventional diesel, the LCA modelling software GaBi’s database was used (Sphera,
2019). The tank-to-wheel emissions of the conventional and renewable diesel were quantified
under laboratory conditions using the WLTC test cycle at -7°C and 23°C. Emissions occurring
between these temperatures were estimated via interpolation. The impacts of temperature on the
formation of NOxand PM2 s were taken into account using the mean temperatures of each month
in 2018, taken from the Finnish Meteorological Institute’s (Finnish Meteorological Institute,
2018) Kaisaniemi measurement point in Helsinki. Based on the average temperatures, the coldest
month in Helsinki in 2018 was February, where the average temperature was -7°C, and the
warmest was July, with the average of 21.1°C. The consumption of diesel fuel was assessed
based on the data considering the actual mileage during the year 2018 (Helsingin kaupunki,
2018). Mileage was assumed to be shared evenly across each month of the year. The number of
diesel cars and the proportions of Euro 4, 5 and 6 vehicles in the study area were based on
vehicle data from the Finnish Transport and Communications Agency (Traficom, 2019).

The subsequent steps in the framework required the calculation of the air pollutant emissions
both for the renewable diesel and for the baseline diesel. Any reduction in air pollutants using
renewable diesel would result in an air quality handprint — in this case specifically NOyand
PM2 s handprints. The results and the appropriate way to communicate them are presented in the
following section.

3. Results

The NOx and PM2 s exhaust emissions in Helsinki based on the year 2018 fleet are presented in
Figure 4. The NOx exhaust emissions for conventional and HVO diesel were 283 000 kg and 264
400 kg, respectively. The annual PM2 s exhaust emissions in Helsinki were 3 000 kg for
conventional diesel and 1 600 kg for HVO. Figure 4 also shows how the emissions in the studied
fleet were distributed among the included Euro regulated car groups. In the defined Helsinki
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2018 fleet, Euro 5 cars were responsible for 66% of conventional diesel and 65% of HVO NOx
exhaust emissions. When considering PM2.s exhaust emissions, the share of Euro 4 cars was 94%
and 89% for conventional diesel and HVO, respectively.

kg kg
300 000 282 937 3 500
264 390 3042
250 000 3000
2 500
200 000
2000 O Eurob
150 000 1563 EEurob
1500 B Euro4
100 000
1000
50 000 500
[i] ]
Fossil diesel HVO Fossil diesel HVO
NO, PM; 5

Figure 4. Annual NOxand PM2 s exhaust emissions in Helsinki based on 2018 values.

The reduction potentials of NOx and PM2 s exhaust emissions due to the replacement of
conventional diesel with HVO in Helsinki based on 2018 values in the studied fleet are presented
in Figure 5. The reduction potential is highest for PM..s emissions, which are reduced on average
by 49% when compared to conventional diesel. In the case of NOx emissions, the reduction
potential is 7%. However, when communicated in kilograms, the NOy reduction potential in
Helsinki based on the year 2018 fleet proved to be highest, at 18 500 kg, and the PM2 s exhaust
emissions reduction potential is 1 500 kg. In the Helsinki 2018 fleet, the highest NOx reduction
potential is for Euro 5 cars, at 9%, and in the case of PM2 s exhaust emissions, for Euro 4 cars, at
50%.
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Figure 5. Annual reduction potential of NOx and PM2 s exhaust emissions in Helsinki based on
the year 2018 values for diesel-powered passenger cars.

In this study, local NOx and PM2 s exhaust emissions in Helsinki represent the tank-to-wheel
phase of the studied fuels’ life cycles. However, in the handprint methodology, it is important to
examine the whole life cycle to identify the most emission-producing life cycle stages and
examine possible trade-offs. Hereby, it should be noted that the well-to-wheel and tank-to-wheel
emissions occur at different geographical locations. Local air quality impacts can only be
identified through a separate calculation of the different life cycle stages. Figure 6 shows the
contribution of well-to-tank and tank-to-wheel phases to the total life cycle NOx and PM2s
emissions of the studied fuels. The results show that the tank-to-wheel phase dominates in every
studied case. When considering NOx life cycle emissions, the tank-to-wheel phase covers 92% of
conventional fuel and 96% of HVO life cycle emissions. In the case of PM2 s emissions, tank-to-
wheel emissions account for 84% of life cycle emissions in conventional diesel and 77% in
HVO.
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Figure 6. Share of the different life cycle phases of NOx and PM2 s emissions.

As mentioned previously, the total life cycle reduction potential of NOx and PM2.s emissions can
be considered as the air quality handprint. The emissions reduction, i.e. the NOx and PM2 5
handprint, can be calculated by comparing the well-to-wheel NOx and PM>.s emissions of the
studied fuels. Figure 7 demonstrates the total life cycle NOx and PM2.s emissions of the studied
fuels based on the fuel consumption of the Helsinki 2018 fleet. The results show that NOy
emissions are 32 700 kg lower when HVO is used instead of conventional diesel. Similarly,
PM25 emissions are 1 580 kg lower with HVO. As a consequence, the emissions reduction could
be considered as a handprint, which means that a manufacturer of the HVO could communicate
the handprint of 32 700 kg, or 11%, for NOy in this case with the studied fleet as they have
enabled an equivalent footprint reduction of the customer. The PM2 s handprint would be 1 580
kg, or 44%, for the defined fleet in Helsinki in 2018.
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Figure 7. Total life cycle NOx and PM2.s emissions of the studied fuels and their NOx and PM2s
handprints.

4. Discussion

The results show that paraffinic renewable diesel has the potential to reduce NOxand PM2s
emissions in a city such as Helsinki with its average fleet and climatic conditions. The paraffinic
renewable diesel fuel may offer a way to decrease PM2 s emissions, especially from older cars
without advanced emissions cleaning technologies; hence, the biggest emissions reduction can be
achieved in areas where the car fleet is relatively old. Our findings are in line with previous
studies, which have shown a reduction in PM2 s emissions for paraffinic renewable diesel
combustion compared to conventional fossil-fuel diesel (Bortel et al., 2019; Nylund et al., 2011;
Pflaum et al., 2010; Sugiyama et al., 2012). PM_s emissions were 49% lower in the case of
paraffinic renewable diesel compared to conventional diesel when observing the use-phase
emissions. According to our results, the reduction potential for PM..s emissions is higher

for Euro 4 diesel passenger cars than newer cars. The reason for the improvement in the
particulate emissions reduction rate originates from the introduction of diesel particulate filters
(DPF) in Euro 5 diesel passenger cars (EC, 2007). While many previous studies (Dias et al.,
2019; Hutter et al., 2015; Kousoulidou et al., 2014) proved that the use of first-generation
biodiesel will increase the NOx emissions of transportation, our results highlight that NOx
emissions may also decrease through the use of paraffinic renewable diesel instead of
conventional fossil-fuel diesel. NOx emissions in the use phase are tightly linked to the outside
temperature and vehicle model, and consequently, it is important to examine NOx emissions with
the actual car fleet and climatic conditions in a certain location. The NOx emissions reduction
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corresponds to the NOx emissions produced by 40.9 million kilometres driven with conventional
diesel when calculated with the average emissions from Euro 4-6 diesel passenger cars at an
ambient air temperature of 7°C, which was the annual average temperature in Helsinki in 2018.
For Euro 4 specifically, the PM2s reduction is similar to the PM2s emissions caused by 113.1
million kilometres driven with conventional diesel.

Our results do not include emissions from Euro 0-3 passenger diesel cars. The share of Euro 0-3
diesel cars in the studied fleet was 6.5% and if all the vehicles in the study area were included,
the results may change. Additionally, according to scientific evidence, NOx reductions are higher
in heavy-duty than in light-duty diesel vehicles when using HVO as a fuel instead of
conventional diesel (Aatola et al., 2009; Bohl et al., 2018; Neste, 2016). This is mainly due to
differences between engine sizes and engine properties, especially higher cycles and loads in
heavy-duty engines (Muncrief, 2016; Neste, 2020). Heavy duty vehicles cause greater amount
of NOx emissions due to higher temperatures in the engine. However, ignition and combustion
properties of HVO result in a smaller share of premixed combustion, thus causing less NOy
emissions (Neste, 2020). Heavy traffic was excluded from our study because no recent
laboratory emissions measurements were available. Including Euro 0-3 passenger vehicles and
heavy traffic to the calculation would offer a better understanding of diesel cars’ air pollutant
impacts on local air quality and would also help to examine the whole potential to reduce local
air pollution through fuel replacement. It is also important to conduct the study in areas besides
Helsinki because local emissions and conditions along with the local vehicle fleet affect the air
pollutant reduction potential. In addition, laboratory measurement data for temperatures below -
7°C would be interesting to study because particularly use phase NOx emissions increase when
ambient temperature decreases (Grange et al., 2019; Suarez-Bertoa and Astorga, 2018). Also,
further measurements with different vehicles, including heavy traffic, different velocities, and
stop-and-go driving, would provide important data.

As the tank-to-wheel phase proved to be the most significant emission source of PM2sand NOx,
the choice of fuel may have an impact on local air quality. Nevertheless, it is essential to
recognize in which locations the emissions from different life cycle stages occur. Further studies
are required to put the results into the context of local air pollutant concentrations or to
proportion the results to air quality limits. Using dispersion models of air pollutants is necessary
to recognize different emission sources affecting local air quality, as is taking weather conditions
and other relevant factors into account. Influencing local emissions has traditionally been beyond
the reach of individual citizens, but the choice of fuel may give an opportunity to enhance local
air quality. In addition to decreased air pollutant emissions, paraffinic renewable diesel has been
claimed to have other advantages over conventional diesel. For instance, it has been shown to
have lower life cycle and use-phase greenhouse gas emissions than conventional fossil-fuel
diesel (Arvidsson et al., 2011; Gronman et al., 2019; Nylund et al., 2011).

Replacing conventional diesel with renewable diesel may bring about positive environmental
impacts if NOx and PM_ s exhaust gas emissions are decreased. Our results highlight that the
emissions reduction potential is significant in the tank-to-wheel phase when considering the
whole life cycle of the fuels. According to Gronman et al. (2019) and Pajula et al. (2018), a
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handprint refers to the beneficial environmental impacts of a product when used by a customer.
Thus, the well-to-wheel emissions reduction potential could be interpreted as the handprint of the
renewable diesel fuel. However, the different life cycle stages must also be studied separately
since emissions occur at different geographical locations, meaning it is not appropriate to
observe only the total well-to-wheel emissions. Our results show that the handprint approach can
also be applied to environmental impacts other than greenhouse gas reduction, and only a slight
modification to the approach allowed the specifics of air quality handprint assessment to be
tackled. These modifications were identifying the relevant indicators in terms of air pollutants
and communicating the results taking into account the locality of emission release.

5. Conclusions

The need to improve urban air quality has led to the search for solutions to reduce traffic-related
emissions. On the other hand, the initiators of these solutions require a sound, science-based
method with which to calculate and communicate the benefits their product offers in reducing
pollution. This study presents the results of how a paraffinic renewable diesel can reduce the
annual NOxand PM2s emissions in the Helsinki area. The handprint calculation approach is
implemented in the scope of outdoor air quality.

Based on the concluded air quality handprint assessment, wherein the lifetime emissions of a
paraffinic renewable diesel (HVO) are compared to those of baseline conventional diesel, the
results give a strong indication that by choosing the paraffinic renewable diesel, the NOxand
PM2.s emissions can be significantly reduced, especially in the use phase of the fuel. The
emissions reduction potential is noteworthy, especially in older diesel vehicles with no novel
filtration or other emissions reduction system. Using HVO-based renewable diesel in Euro 4 (or
older) vehicles can reduce PM2s emissions in particular. Also, NOx reduction is possible and
indeed significant when considering absolute NOx kilograms. Accordingly, manufacturers of
paraffinic renewable diesel can communicate that if all the Euro 4-6 diesel vehicles in Helsinki
were to shift to their paraffinic renewable diesel, they would gain an annual NOx handprint of
32 700 kg and a PM2 s handprint of 1600 kg based on Helsinki year 2018 data.

Despite the findings on the reduction potential of NOx and PM2s demonstrated here, the effect is
less significant for modern diesel vehicles. As car fleets are updated, the benefit of using
renewable diesel instead of fossil diesel diminishes in terms of air quality. This indicates that the
best results for improving air quality can be achieved when using paraffinic renewable diesel in
areas where the fleet uses older technology. However, using paraffinic renewable diesel instead
of conventional diesel also decreases the burden on exhaust gas cleaning systems in newer cars
while reducing the overall air pollutant emissions of the car fleet.
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