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A B S T R A C T   

The objective of this paper is to determine how policy instruments which aim to achieve a modal shift of long- 
haul freight transport from road to rail or sea affect the direct emissions to air of greenhouse gases, nitrogen 
oxides, sulfur dioxides, volatile organic compounds, and particulate matter. The analysis is conducted in two 
stages. First, a range of forecasts reflecting different assumptions are applied using the Swedish national freight 
transport model (SAMGODS) to derive a range of possible future developments of emissions levels up to 2030 
and 2040. This has involved determining emission factors per tonne-km for each of the SAMGODS model’s six 
road freight vehicle types, eleven freight train variants and 22 ship types. The model outcomes are then 
compared to those of the base year of 2017. Second, the effects of two hypothetical modal shift policy in-
struments are analyzed with respect to their potential impact on emissions to air. The effects of these two policy 
instruments are evaluated for the base-year of 2017 and for the 2030 and 2040 forecasts. The paper also analyzes 
whether the Swedish climate objective for domestic transport in 2030 can be expected to be fulfilled given 
different forecasts and policy instruments. 

Within the context of a predicted large increase in total freight tonne-km (between 31 and 53%), emissions of 
greenhouse gases are calculated to decrease by 50 to 60% by 2040. This means that the Swedish freight transport 
sector will not achieve its share of greenhouse gas emissions reductions necessary to attain the national climate 
objective of a 70% reduction by 2030. Emissions of nitrogen oxides (NOx) are forecast to reduce by between 60 
and 75%, emissions of sulfur dioxides to reduce by between 41 and 50%, emissions of volatile organic com-
pounds to increase by 8 to 30% and emissions of particulate matter (from exhaust and tyre/road wear) are 
calculated to increase by between 13 and 33%. Using modal shift policy instruments to achieve greenhouse gas 
reductions is calculated to attain worse results over time, by 2040 it might even be counterproductive.   

1. Introduction 

The emissions to air from transport affect both the global climate and 
the environment; the climate through greenhouse gas (GHG) emissions 
and the environment through emissions of acidifying, eutrophying and 
ozone-forming substances. Road transport mainly gives rise to emissions 
of GHGs, nitrogen oxides (NOX), hydrocarbons (HC), volatile organic 
compounds (VOC) and exhaust and wear particulate matter (PM 2.5 and 
PM10). Shipping fares better when it comes to GHG emissions but worse 

when considering other emissions. Shipping is also mainly responsible 
for the emission of sulfur dioxide (SO2). Rail transport gives rise to only 
very low emissions of exhaust gases and PM from wear and tear. 

The EU White Paper “Roadmap to a Single European Transport Area - 
A Competitive and Resource- Efficient Transport System” has the aim 
that 30 % of long-distance (over 300 km) freight transport that is 
currently undertaken by road should transfer to rail or waterborne 
transport by 2030. By 2050, more than 50 % of this transport work 
should have moved to rail and waterborne transport (European 
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Commission, 2011). Sweden does not have the corresponding quanti-
tative targets for freight mode transfers (Vierth et al., 2019), but the 
National Freight Transport Strategy contains a commitment to (a) 
achieving transport policy goals; (b) strengthening the competitiveness 
of business; and (c) promoting a transfer of freight transport from road to 
rail and shipping (Swedish Government, 2018). 

Similarly, the Swedish Transport Administration (2020a) has pub-
lished a ‘Roadmap for the transfer of freight transport from road to rail 
and shipping’. In connection with infrastructure planning, however, the 
Swedish Transport Administration (2020b, p.30) explicitly states that 
“Road transport will continue to be important for maintaining accessi-
bility throughout the country and for transporting goods where shipping 
or rail is not an option”. In addition, in order to manage emissions at a 
national level, in 1999 the Swedish Government established 16 national 
environmental quality objectives (Naturvårdsverket, 2023) that 
together provide a set of guidelines that shall apply to sustainable 
development. In terms of this study of direct emissions to air from freight 
transport, the four most relevant national environmental quality ob-
jectives are as follows: ‘Limited climate impact’, ‘Clean air’, ‘No eutro-
phication’ and ‘Only natural acidification’. 

At both EU and national level, policy instruments are being imple-
mented to streamline road freight transport and/or reduce its emissions 
to air. An example in Sweden is the plan to increase the proportion of 
state roads that allow trucks up to a maximum weight of 74 tonnes, 
instead of the current maximum of 64 tonnes (Swedish Transport 
Administration, 2020c). An example at EU level is the regulation of CO2 
emissions from new heavy vehicles that will be reduced by 15 % by 2025 
and by 30 % by 2030, compared to the reference period of 1 July 
2019–30 June 2020 (EU, 2019). 

In general terms, progress towards Sweden’s national environmental 
quality objectives can be achieved within Sweden’s freight transport 
sector through (a) improved transport and/or energy efficiency; (b) 
switching to less environmentally damaging energy carriers; (c) trans-
ferring freight to less environmentally damaging modes of transport; 
and (d) reducing transport demand. The focus of the analysis contained 
within this paper is on the transfer of freight from road to rail and 
shipping, based on the underpinning assumption that rail and water-
borne transport can perform the same level of transport work, but with a 
lower energy consumption and/or lower emissions to air. 

In the freight transport sector in Sweden, road, and shipping account 
for almost all GHG emissions (emissions of carbon dioxide equivalents 
(CO2eq)). Rail transport is mainly electric and, therefore, has very low 
GHG emissions. The environmental quality goal ‘Limited climate 
impact’ stipulates that GHG emissions from domestic transport 
(excluding aviation) shall be 70 % lower in 2030 compared with 2010 
and, as an overall milestone, it is stated that by 2045, Sweden will have 
no net GHG emissions into the atmosphere (Swedish Government, 
2017). For the other three national environmental quality objectives 
considered within this paper, similar highly specific targets do not exist. 

Within this context, therefore, the objective of this paper is to 
develop forecasts of the likely impact on the direct emissions to air 
(CO2e, NOX, SO2, HC/VOC and PM) of policy instruments that target a 
transfer of Sweden’s long-distance freight transport from road to rail and 
shipping. The effects of two hypothetical modal shift policies are stud-
ied; one is a “pull instrument” and the other a “push instrument”. The 
former is an Ecobonus+ subsidy that makes rail and shipping more 
attractive (than road) by assuming 30 % lower costs for loading and 
unloading in all Swedish rail terminals and ports. This hypothetical 
scheme is both wider and more powerful than the Swedish Ecobonus 
scheme for short sea shipping and inland waterway transport that was 
actually implemented in the period 2018–2022 with an overall budget of 
€ 13 million. A follow up of the Swedish Ecobonus has been discussed 
but not agreed on during 2023. The latter is a wear and tear tax for road 
transport of about € 0.03–0.15 per vehicle-kilometer, as has been rec-
ommended in a public investigation (Swedish Government, 2017), but 
not yet implemented. On the basis of the forecasts derived, the paper 

then goes on to more specifically analyze whether Sweden’s climate 
targets are expected to be achieved. 

As reflected in various rankings of the environmental performance of 
nations (Sachs et al., 2022; Wolf et al., 2022), Sweden is recognized as 
one of the world’s leaders in implementing the environmental agenda, in 
pursuit of achieving true sustainable development. Ergo, a focus on 
Sweden’s policies for securing freight modal transfers, as well as a 
detailed analysis of the potential impact of specific innovations in its 
policy measures, can be deemed to potentially provide best practice 
benchmarks for other nations (both within the EU and beyond) that seek 
to emulate the success already achieved by Sweden in improving na-
tional environmental performance. This potential – for Sweden’s pol-
icies targeting freight modal transfer to emerge as role-model 
benchmarks – not only provides the underlying justification for a study 
of this type, but also yields the major contribution of this paper; in terms 
of informing the policies of nations across the globe and thereby 
inducing a general, and more widely distributed. Improvement in the 
environmental performance of freight transport. 

The paper is structured as follows: Section 2 sets the scene for the 
ensuing analysis by describing Sweden’s policy context. The current 
modal split for freight transport is presented, as is the nature of national 
forecasts of freight transport and the relevance of these to the achieve-
ment of national environmental quality objectives. The methodology for 
the reported analysis is outlined in section 3, with a focus on the nature 
of the forecast models which are estimated and, more specifically, how 
emission factors have been calculated for each of the modal alternatives. 
The results of the analysis are presented in section 4 and the predicted 
impact of the two potential policy instruments is assessed in section 5. A 
discussion of the results and their implications for attaining Sweden’s 
national quality objectives is contained in section 6 and conclusions are 
drawn in section 7. 

2. The Swedish policy context 

As is shown in Table 1, in 2017, road transport accounted for 
approximately 48 % of freight transport work on Swedish territory, rail 
transport accounted for approximately 19 % and shipping for approxi-
mately 33 %. According to official statistics, therefore, road transport 
gave rise to emissions of 3.3 million tonnes of CO2-eq, or 76 % of the 
total GHG emissions from freight transport on Swedish territory. Rail 
transport accounted for about 1 % and shipping for about 23 %. 

As revealed in Table 2, the average greenhouse gas emissions per 
tonne-km were thus highest for road transport (0.065 kg per tonne-km), 
second highest for shipping (0.029 kg per tonne-km) and lowest for rail 
transport (0.002 kg per tonne-km). 

Estimated GHG emissions per tonne-km are lower for shipping than 
for road transport because shipping is more energy efficient. Emissions 
of SO2, NOX, HC/VOC and exhaust PM per tonne-km are, however, 
consistently calculated to be higher for shipping than for road transport. 
This is explained by the fact that there have been gradually stricter 
emissions requirements for new trucks in the form of environmental 
classes (Euro classes) for over 30 years (EU, 1987) and that corre-
sponding regulations for ships and shipping fuels have been imple-
mented much later. For example, the IMO’s stricter requirements for 
sulfur content in fuels, especially within the designated Sulfur emission 
control areas where the Baltic Sea and the North Sea are included, have 
only applied since 2015. Stricter requirements for emissions of nitrogen 
oxides have been applied within the Baltic and North seas from 2021 
(IMO, 2021). The emission levels for rail specified in Table 2 refer to 
diesel-powered passenger and freight trains. Recognizing that the 
emissions from rail are so much lower than the emissions from both road 
and sea transport, the analysis undertaken within this paper makes the 
simplifying assumption of zero emissions from freight transport by rail. 

The original plan for the analysis undertaken herein was to test 
policy instruments against the Swedish Transport Administration’s 
official forecast for freight transport in 2030 (Swedish Transport 
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Administration, 2015). This forecast was structured in such a way that it 
accounted for both decided and implemented policy instruments, as well 
as for infrastructure developments that had already been decided upon 
and/or initiated before 2030. In 2020, however, the Swedish Transport 
Administration published new official forecasts for passenger and 
freight transport for the year 2040, which, unlike previous forecasts, 
assume that the climate goals of 2030 and 2045 will be achieved. 

In order to meet the requirement to achieve climate goals by 2030, 
the official forecast (Swedish Transport Administration, 2020d, e) as-
sumes that energy use from biofuels for the entire road transport sector 
(passenger and freight transport) will increase from 20 TWh (Terawatt- 
hour) in 2020 (Swedish Energy Agency, 2021a) to 29 TWh by 2030 and 
that by 2040 the equivalent energy mix will comprise 12 TWh elec-
tricity, 22 TWh biofuels and 7 TWh fossil fuels (Swedish Transport 
Administration, 2020g). This means that biofuel use would need to in-
crease by about 10 TWh over the next about ten years (see Table 3). As of 
2020, Sweden’s domestic production of biogas is about 2 TWh and there 
is a production capacity for biofuels (in addition to the biogas) of about 6 
TWh. Most of the biofuels used are imported and about 80 % of the 
liquid biofuels (excluding biogas) are based on foreign raw materials 
(Swedish Energy Agency, 2021b). However, the Swedish Energy Agency 
(2021b) estimates that it would be possible to produce a total of about 
30 TWh of biofuels by 2030, but this would require extensive expansion 
of production capacity in a very short time. 

Electricity use within Sweden’s domestic transport sector in 2020 
was approximately 3.1 TWh. The official forecast for 2040 entails an 
increase of approximately 9 TWh (see Table 3). An improvement in the 
energy efficiency of heavy trucks (over 3.5 tonnes) of 35 % is assumed in 
the official forecast for 2040, Swedish Transport Administration, 
2020d). This corresponds to an aggregate reduction in fuel consumption 
per vehicle km of 35 % between 2017 and 2040. However, the condi-
tions for electrification are estimated to vary over the size of trucks 
(Swedish Transport Administration, 2020e). This means that the 
distance-dependent costs for trucks under 25 tonnes are estimated to be 
5 to 12 % lower in 2040 compared to 2017 (at fixed prices). In the 

heavier segment, where electrification is not expected to be so signifi-
cant, the distance-dependent costs are estimated to be 4 to 8 % higher in 
2040 (at fixed prices) since biofuels are expected to drive up the cost of 
diesel. 

In contrast to the assumptions concerning the road freight sector, for 
rail and sea transport in the official forecast (Swedish Transport 
Administration, 2020d) does not assume any efficiencies. Furthermore, 
the same fuel mix is assumed for 2040 as was applicable in the base-case 
year of 2017, despite the ongoing move towards the use of renewable 
fuels in the maritime sector, Swedish Transport Administration (2020d). 
For shipping, this means that distance-dependent costs increase by 
almost 35 % (in fixed prices) by 2040, mainly because fuel prices are 
assumed to increase. For railways, higher track charges and increased 
electricity prices are estimated to lead to approximately 64 % higher 
costs per km. See Johansson et al. (2023) for details regarding costs. 

3. Methodology 

3.1. Model 

To evaluate how policy instruments affect the emissions that result 
from a freight modal transfer from road to rail and shipping, the various 
assumptions about the development of vehicles and fuels described in 
section 3.2 are utilized within the Swedish Transport Administration’s 
freight transport model (SAMGODS). This model has been developed to 
be the main tool for the planning of infrastructure in Sweden. As such it 
is used for making transport forecasts, evaluate effects of changes in 
vehicle operating costs (costs per kilometer and hour driven), evaluating 
effects of new or improved infrastructure etc. The SAMGODS model 
operates with 6 trucks, 9 train sets and 22 ships, each with different size 
and different design. The model searches for optimal transport chain 
solutions to solve the need for transport between Swedish municipalities 
and regions abroad (290 + 298 zones), as cost-effectively as possible. It 
builds on the assumption that transport solutions are governed by the 
minimization of logistics costs, including transport cost, the cost of 
holding stock and placing transport orders. The model considers the 
possibility to consolidate shipments in terminals. The logistic optimi-
zation is described in De Jong and Baak (2020). The fundamental 
principles behind the method can be found in Ben-Akiva and de Jong 
(2013) and De Jong and Ben-Akiva (2007). Limitations in railway ca-
pacity are handled via a special module which, in the event of conges-
tion on certain sections, seeks alternative transport arrangements that 
relieve these congested sections of the railway at the least possible 
alternative cost. A description of the railway capacity module is given in 
Edwards (2023). The demand for freight transport is calculated on the 
basis of data on: the production and consumption of goods, as contained 
within national accounts; international trade in merchandise goods; 
Input-output tables and; employment statistics. The functions under-
pinning the distribution of demand between production and consump-
tion nodes, have been estimated with the help of information from, 
among other things, goods flow surveys. The method for creating de-
mand matrices is described in Edwards et al. (2019). An overview of the 
model structure is given in Fig. 1. 

In addition to the assumptions specified in section 3.2, the model 

Table 1 
Transport work and emissions to air from freight transport on Swedish territory in 2017.  

Mode Tonne-km 
(billions) 

CO2-eq 
(ktonnes) 

NOX 

(tonnes) 
SO2 

(tonnes) 
HC/VOC 
(tonnes) 

Exhaust PM 
(tonnes) 

Road  51.5 3,337 11,611  8.2  266.6  251.7 
Rail  20.8 42 497  0.1  40.9  19.1 
Shipping  35.6 1,017 23,346  634.6  951.8  317.3 
Total*  107.9 4,396 35,454  643.9  1,259.3  588.1 

Note: excluding air freight that only accounts for around 0.1 percent of transport work on Swedish territory. 
Sources: Traffic Analysis (2021), Statistics Sweden (2021a), Statistics Sweden (2021b), own calculations for freight traffic’s share of shipping emissions. 

Table 2 
Average emission factors per transport mode in 2017.  

Mode CO2-eq 
(kg/tonne-km) 

NOX 

(g/km) 
SO2 

(g/km) 
HC/VOC 
(g/km) 

Exhaust PM 
(g/km) 

Road  0.065  0.226  0.0002  0.005  0.0049 
Rail  0.002  0.024  0.0000  0.002  0.0009 
Shipping  0.029  0.656  0.0178  0.027  0.0089 
Total  0.041  0.329  0.0060  0.012  0.0054  

Table 3 
Forecasted need for biofuels and electricity (TWh) in transport sector to achieve 
Sweden’s climate goals.   

2020 2030 2040 

Biofuels 20 29 22 
Electricity 3.1 6.5 12 

Source: Swedish Transport Administration (2020g,h) and Swedish Energy 
Agency (2021a). 
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forecasts for 2030 and 2040 are based on the same transport costs and 
infrastructure used in Swedish Transport Administration (2020d). The 
structure, workings, and application of the SAMGODS model and how it 
has been applied for our purposes is fully described in Johansson et al. 
(2023), where the modal transfers achieved under each of the model 
forecasts have been calculated. The resulting modal split under each of 
the five forecasts is given in Fig. 2. 

3.2. Different forecasts 

To provide a different perspective and to broaden the possibilities for 
analysis, a set of alternative forecasts for 2030 and 2040 are developed 
within this paper that treat all modes of freight transport equally with 

respect to Sweden’s decided policy instruments and expected future 
technical/industrial developments. 

• The forecast FAST ELECTRIFICATION assumes a relatively high de-
gree of electrification within the road freight sector by 2040 (30 % of 
transport work is handled by electric trucks) and a high use of bio-
fuels for the part not electrified. Fuel consumption is assumed to be 
35 % lower in 2040. This is in line with Sweden’s official forecast 
(Swedish Transport Administration, 2020d) and this is deemed 
required for Sweden to meet set climate goals for 2030 and 2045. In 
addition to the official forecast it is assumed that: (a) a 35 % energy 
efficiency improvement from 2017 until 2040 is assumed to apply 
also to electric trucks; (b) for rail traffic, 10 % lower electricity 

Fig. 1. Overview of the Swedish national freight transport model Samgods.  
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consumption is assumed 2040; (c) up to 25 % lower fuel consump-
tion is assumed for ships 2040, depending on the particular ship 
segment considered; and (d) for shipping, an increased use of alter-
native fuels in certain segments is also assumed, especially for 
smaller vessels and vessels operating regular services. 

• The forecast SLOW ELECTRIFICATION assumes the same develop-
ment for maritime traffic as the forecast FAST ELECTRIFICATION, 
but that there is slower technological development within the road 
transport sector, such that 10 % (instead of 30 %) of road transport 
work is handled with electric vehicles and that fuel and electricity 
consumption is reduced by 15 % (instead of 35 %) between 2017 and 
2040. In addition, railways are assumed to have the same operating 
costs as in the base year 2017.  

• The forecast SLOW ELECTRIFICATION + lower growth is a variant of 
the forecast SLOW ELECTRIFICATION which assumes a 50 % lower 
growth in freight transport demand.  

• The forecast SLOW ELECTRIFICATION + 74 tonne trucks is another 
tested variant of the forecast SLOW ELECTRIFICATION which allows 
trucks with a total weight of up to 74 tonnes (instead of 64 tonnes) to 
be permitted on major national roads in Sweden. 

A summary of the assumptions underpinning each of the main 
forecast models defined above for each of the freight transport modes is 
shown in Table 4. 

For the forecasts produced for 2030 freight transport demand be-
tween 2017 and 2030 has been assumed to have the same annual growth 
rate as freight transport demand between 2017 and 2040. The devel-
opment of efficiency enhancements and policy interventions are 
assumed to be approximately half completed by 2030. 

The analysis of the effects of specific, but hypothetical, policy in-
struments – see section 5 – that have the intention to promote a modal 
transfer from road to rail and shipping is undertaken in two steps. In the 
first step, the level of emissions of the different modes of transport under 
the different forecasts are calculated for 2030 and 2040. In the second 
step, the outcomes are then compared for the two forecast years and for 
the base-year of 2017 to deduce the differential impacts on emissions to 
air in the presence, or otherwise, of the policy instruments. 

3.3. Calculation of emissions factors 

To calculate the emissions associated with each of the forecasts, 

Fig. 2. Distribution of transport work (tonne-km) in base year 2017 and the various model forecasts for 2040 (percentage in Swedish territory).  

Table 4 
Overview of assumptions regarding electrification, fuel changes and efficiencies for the various modes of transport in each of the forecasts for 2040.  

Forecast Road Rail Shipping 

FAST ELECTRIFICATION 30 % electrification (tkm) Not relevant 10 % electrification (tkm ropax, ferries) 
70 % biofuels (fuel used) Not relevant 53 % LNG and biofuels (fuel used) 
35 % lower fuel consumption Same as 2017 Up to 25 % lower fuel consumption depending on ship segment according to  

IMO (2020) 
35 % lower electricity 
consumption 

10 % lower electricity 
consumption 

Up to 25 % lower electricity consumption for electrified vessels  

SLOW 
ELECTRIFICATION 

10 % electrification (tkm) Not relevant 10 % electrification (tkm ropax, ferries) 
70 % biofuels (fuel used) Not relevant 53 % LNG and biofuels (used) 
15 % lower fuel consumption Same operating cost as 2017 25 % lower fuel consumption 
15 % lower electricity 
consumption 

Same operating cost as 2017 Up to 25 % lower electricity consumption for electrified vessels  
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emission factors related to the amount of predicted transport work un-
dertaken by different vehicle and vessel types in the SAMGODS model 
have been developed. This relates, therefore, to six truck types, eleven 
train types and 22 ship types that give rise to per tonne-km CO2-eq, SO2, 
NOX, HC/VOC and PM. The fact that the emission factors are related to 
transport work (tonne-km), instead of traffic work (vehicle-km), follows 
from the fact that the Freight module within the SAMGODS model 
provides more stable results for transport work. For road traffic, com-
parisons were made to investigate whether the use of emission factors 
per tonne-km gives deviating results compared to a calculation based on 
vehicle km. This showed that there were only small differences in re-
sults. A comparison for rail and sea traffic is more difficult to carry out, 
but it is also the norm for emission factors to be specified in terms of 
tonne-km (see for example the European Commission’s manual for 
external costs – European Commission, 2019). This section describes the 
emission factors used in the analysis and the methods and assumptions 
behind their estimation. For road traffic, emission factors related to 
transport work with different truck variants have been calculated using 
NTMCalc (NTM, 2021). The vehicle types and conditions used in the 
calculations are reported in Table 5. The load factor has been set to a 
level that causes the emission factors to emit CO2-eq in line with the 
statistics for 2017. Results have been produced for Euro classes 3, 4, 5 
and 6 and the outcome has been weighted according to the distribution 
of the number of vehicles in each class in 2017 according to “The 
Handbook of Emission Factors for Road Transport”, HBEFA (2019). 
HBEFA is used in many European countries and by public authorities in 
Sweden. 

For the forecast years 2030 and 2040, trucks complying with Euro 
class 6 have been used. In these cases, the emission factors have been 
calculated with the reduced fuel consumption assumed in the forecasts 
outlined in Table 4. The approach results in the emission factors re-
ported in Table 6. 

In the forecast we correct the CO2-eq emissions according to 
assumed level of biofuels 2030 and 2040 and tank to wheel emissions 
from biofuels set to zero. For other emissions, biofuels are assumed to 
give the same emissions level as the current fuel mix. 

Applying the modelled emission factors as shown in Table 6, the 
approach gives overall results for the base year of 2017 as shown in 
Table 7, where the modelled total emission volumes are compared to the 
national statistics for domestic road freight traffic under diesel operation 
in 2017. Since the method applied for estimating the emission factors is 
adjusted for CO2 emissions, the outcome for CO2 emissions will natu-
rally fall into line with the national statistics, but other results are lower 
than the official published statistics. For NOX and HC/VOC, the outcome 
ends up 15 and 20 % lower, respectively, and for SO2 and PM, only just 
over half of the emission volume reported in the national statistics is 
obtained. 

An explanation for the difference between the estimated outcomes 
for PM from the SAMGODS model and those from NTMcalc and the 
national statistics is probably due to differences in the emission factors 
used. NTMcalc 4.0 is based on emission factors from HBEFA 3.1, 

whereas the latest national statistics are based on HBEFA 4.0. Since 
HBEFA does not contain reliable emission factors for wear PM from road 
traffic, a national model is used to estimate emissions from tyres, brakes, 
and road wear (see Mawdsley et al., 2015). This model calculates 
emission factors for PM10 and then uses data from the literature to 
derive the relationships between PM10 and PM2.5 and between PM10 
and total suspended particles (TSP). In addition, NTMCalc relates only to 
exhaust PM. Obtaining a value for PM from wear has proved difficult, 
the most up-to-date model for calculating non-exhaust emissions is the 
‘Nortrip model’ (Johansson et al., 2012), in which the estimation 
method involves multiplying the non-exhaust PM for light vehicles by 
five to obtain corresponding emissions from heavy vehicles (Denby 
et al., 2013). In the literature, however, this factor varies between 5 and 
100 (Denby et al., 2013), so there is a great deal of uncertainty. In 
HBEFA (2019), non-exhaust PM10 for heavy vehicles is stated at 0.141 
g/vehicle-km in 2017, but the value is stated to apply to Central Europe 
and not Scandinavia. In order to obtain a factor for wear particles, the 

Table 5 
Input values used when extracting road emission factors from NTMCalc 4.0.   

Truck 20–26 
tonnes 

Truck 34–40 
tonnes 

Truck 50–60 
tonnes 

Distance used for 
calculation (km) 

468.83 468.83 468.83 

Fuel type Diesel B7 – 
Swe. 

Diesel B7 – 
Swe. 

Diesel B7 – 
Swe. 

Road type Average Average Average 
Euro class 3,4, 5 & 6 3,4, 5 & 6 3,4, 5 & 6 
Hilliness 2 % 2 % 2 % 
Average load factor 30 % 30 % 30 % 
Capacity (tonnes) 15 28 47 
Fuel consumption (l/km) 0.222 0.271 0.352  

Table 6 
Road emission factors with the current fuel mix in 2017, 2030 and 2040 ac-
cording to calculations with NTMCalc 4.0.  

Truck segment CO2-eq [g 
/ tonne- 
km] 

NOX [mg 
/ tonne- 
km] 

SO2 [mg 
/ tonne- 
km] 

HC [mg / 
tonne- 
km] 

PM [mg / 
tonne- 
km] 

2017      
Local and 

regional 
distribution  

118.00  577.51  0.15  16.56  10.11 

Remote 
distribution  

77.82  242.71  0.10  4.55  3.40 

Heavy 
transport  

59.94  161.41  0.07  3.49  2.26 

2030      
Local and 

regional 
distribution  

97.96  95.45  0.12  4.00  0.57 

Remote 
distribution  

64.44  49.06  0.08  2.35  0.27 

Heavy 
transport  

49.52  29.25  0.06  1.69  0.21 

2040      
Local and 

regional 
distribution  

77.37  75.40  0.10  3.16  0.45 

Remote 
distribution  

50.92  38.77  0.06  1.85  0.21 

Heavy 
transport  

38.03  22.46  0.05  1.30  0.16 

Note: The calculations using NTMCalc for 2030 and 2040 do not include a higher 
admixture of biofuels (which is assumed in the forecasts), so this is corrected for 
when calculating future carbon dioxide emissions (lower tank to wheel emis-
sions). For other emissions, biofuels are assumed to give the same emissions level 
as the current fuel mix. Source: NTM (2021). 

Table 7 
Emissions from road freight in tonnes with estimated transport work according 
to SAMGOD’s base year of 2017 and emission factors according to table 6.  

Truck segment CO2-eq 
(ktonnes) 

NOX 

(tonnes) 
SO2 

(tonnes) 
HC/VOC 
(tonnes) 

PM 
(tonnes) 

Local and 
regional 
distribution 

203 885  0.3 29 17 

Remote 
distribution 

973 3,034  1.2 57 43 

Heavy 
transport 

2,159 5,815  2.7 1.26 81 

Total – 
Estimated 

3,336 9,844  4.2 211.1 141.3 

Total – official 
statistics 

3,337 11,611  8.2 266.6 258.7  
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emission factor used in Swedish Transport Administration (2020e) of 
0.2 g per vehicle km has been combined with statistics on both the traffic 
work (vehicle-Km) and transport work (tonne-km) for trucks over 3.5 
tonnes to produce a value for emissions per tonne-km. This then arrives 
at a figure of 0.019 g per tonne-km, which is assumed to be fixed over 
time. In the forecast where 74-tonne trucks are allowed on major na-
tional roads in Sweden, emission factors have been developed for this 
extra heavy segment through a linear projection of the outcome for long- 
distance distribution and heavy transport, i.e., the segments with trucks 
of up to 40- and 60-tonnes, respectively. 

Due to the high degree of electrification of the Swedish railway 
network, no emissions of GHG and low levels of other emissions are 
assumed for rail transport. In the SAMGODS model, 100 % electric 
operation is assumed. Due to this, no emissions from rail traffic are 
reported. 

Shipping emissions are limited solely to emissions that take place on 
Swedish territory or emissions from domestic traffic (between Swedish 
ports). This is a consequence of the fact that Sweden’s climate target for 
2030 applies to domestic transport only (excl. aviation) and that the 
statistics on shipping are produced for traffic on Swedish territory. 
Within the ‘Freight module’ within SAMGODS, various regional delim-
itations can be analyzed, including transport on international waters, 
but the calculations that are made are limited to those that apply to 
target management and official statistics. 

THETIS-MRV (2021) data has been used to calculate CO2 emissions 
per tonne-km for ships calling at Swedish ports in 2018. However, the 
information in THETIS-MRV (2021) is not sufficient to assign an emis-
sion factor to all size classes. Smaller vessels, less than 5,000 in gross 
tonnage, do not report to THETIS-MRV. In order to be able to estimate a 
factor for smaller vessels, a relationship has been estimated between 
deadweight tonne class and average emissions in grams of CO2 per 
tonne-km. This relationship follows a power function, as exhibited in 
Fig. 3, which has been applied to estimate CO2 emissions per tonne-km 
for the size classes and segments not included in THETIS-MRV. Since the 
SAMGODS model is not able to distribute either transport work or traffic 
work over ship sizes in a way that accords with official statistics, more 
aggregate emission factors have been developed, as shown in Table 8. 
These are based on THETIS-MRV as above, but the average within each 
segment is a weighted average, with the vessels’ total reported emissions 
of carbon dioxide in 2018 being used as the weight. 

For other emissions, the emission factors applied (as shown in 
Table 8) are sourced from M4Traffic (2019) but have been revised 

downwards in the forecasts FAST ELECTRIFICATION and SLOW ELEC-
TRIFICATION for 2030 and 2040 because of the assumed more efficient 
combustion and lower fuel consumption. In addition, it is also assumed 
that an increased proportion of vessels will comply with the Tier III 
standard for NOX emissions. 

Table 9 shows the emission factors used for LNG. These are also 
based on data from M4Traffic (2019). For CO2 emissions, however, the 
level has been increased by 38 % to take into account the methane that 
can go unburned and is emitted by LNG engines. This enumeration is 
based on Ushakov et al. (2019) and Stenersen and Thonstad (2017) who 
recommend a value for methane emissions from marine LNG engines 
(average for different types) of 31 g per kilogram of fuel consumed, 
which corresponds to methane emissions of 3 % per kg. To convert this 
to CO2-equivalent, a ‘Global Warming Potential’ (GWP) factor for 100 
years is used. With a GWP100 factor for methane of 34 (Myhre et al., 
2013, Gasser et al., 2017), this gives an emission factor of 1.054 g CO2- 
eq per kg LNG, which may be related to the CO2 emission factor in 
M4Traffic (2019) at 2.750 g per kilogram of LNG. 

Applying the emission factors contained in Table 8 and Table 9 yields 
the emissions for the base-year of 2017, as shown in Table 10. 

Table 11 summarizes the estimated emissions from road and ship-
ping in monetary terms. As mentioned above, it is assumed that there are 
no emissions from rail. In 2017, most of the costs are caused by the 
emissions of CO2 (71 %) and NOx (27 %). Road stands for about 93 % of 
the CO2 emissions and about 67 % of the NOx emissions. Nearly all the 
SO2-emissions (95 %) are caused by shipping. 

4. Results 

The differences in transport work by mode produced by SAMGODS 
for different sets of assumptions about the future development of vehi-
cles, infrastructure and prices and fees, as embodied within the various 
forecasts (see Johansson et al., 2023), can be combined with the emis-
sion factors developed in section 3 to provide assessments of likely 
outcomes regarding emissions to air. The following material reports on 
how estimated emissions of GHG, NOX, SO2, VOCs, and PM vary be-
tween the model forecasts that have been developed. 

4.1. GHG emissions 

Despite an estimated growth in transport work of between 40 and 50 
% by road and between 60 and 70 % by sea by 2040, total GHG 

Fig. 3. Relationship between maximum deadweight (tonnes) in different size classes of vessels and average carbon dioxide emissions per tonne-km within each size 
class (g CO2 per tonne-km). 
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emissions from freight transport is expected to decrease by between 51 
and 62 % between 2017 and 2040 (see Fig. 4). This is in line with what 
can be observed for the last decade when emissions from heavy trucks 
have decreased despite an increase in transport work. According to 
Takman et al. (2020), it is the uptake of hydrogenated vegetable oil 
(HVO) as high and low admixture that explains this development be-
tween 2010 and 2019. According to the reporting format, emissions 
from biomass are registered in the land use sector and not in the 
transport sector, i.e., tank to wheel emissions from biofuels is set to zero. 
To illustrate the effect of the admixture of biofuels, a dashed column has 
been added in Fig. 4, which indicates where the emission reduction 
would stop if the admixture were to remain at the same level as at 
present, i.e., 23 % biofuels compared with the 70 % assumed in the 
forecast scenarios. This in turn means that assumptions about the share 
of electric operation and streamlining of vehicles by 2040 account for a 
reduction in emissions from road transport of about 30 % in the forecast 
FAST ELECTRIFICATION and for about 20 % in forecast SLOW ELEC-
TRIFICATION. In the forecasts FAST ELECTRIFICATION and SLOW 
ELECTRIFICATION, which are based on energy efficiency improvements 
and changes to electricity and alternative fuels, including for shipping, 

GHG emissions from shipping are estimated to decrease or increase only 
marginally. 

For road transport, the largest reduction in GHG emissions is esti-
mated in the forecast FAST ELECTRIFICATION at 79 %. Under the SLOW 
ELECTRIFICATION forecast, however, where the proportion of km 
driven by electric trucks in 2040 is assumed to be lower and where the 
efficiency of vehicles has not reached as far, GHG emissions are esti-
mated to fall by almost 68 % between 2017 and 2040. Allowing trucks of 
up to 74 tonnes in total weight is estimated to increase the share of road 
transport by 2.6 percentage points (see Fig. 2). At the same time, lower 
GHG emissions per tonne-km are calculated for 74-tonne trucks 
compared with 60-tonne trucks, which means that GHG emissions are 
calculated at approximately the same level in 2040 as in the comparable 
scenario without 74-tonne trucks. The model calculations thus indicate 
that overall, it would be good for the climate when the road network 
reaches the necessary bearing capacity for heavier road freight vehicles, 
but that the effects are relatively small. 

The reduction in GHG emissions is primarily explained by the higher 
admixture of biofuels, but also by the streamlining, electrification, and 
use of alternative fuels. In the light of the emissions reduction this is 
assumed to provide for road traffic and given that maritime traffic can 
increase with a maintained emissions level, a halving in growth in 
freight transport demand provides a relatively marginal contribution to 
the reduction of greenhouse gases, as illustrated in Fig. 4. 

An assessment of the reduction of GHG emissions for domestic 
Freight transport between 2010 and 2030 is given in Table 12. Ac-
cording to the results achieved under the FAST ELECTRIFICATION and 

Table 8 
Emission factors for MGO by ship segment for 2017, 2030 and 2040.  

Ship segment CO2 NOX SO2 HC PM   

g/tonne-km  mg/tonne-km 
2017      
Container vessels  15.66  420.07  9.77  14.65  4.88 
Tankers, bulk carriers 

and dry cargo 
vessels <= 10,000  

32.20  720.02  20.08  30.13  10.04 

Tankers, bulk carriers 
and dry cargo 
vessels > 10,000  

13.41  359.75  8.37  12.55  4.18 

Roro vessels  46.70  1,044.41  29.13  43.70  14.57 
Ropax  113.28  2,533.43  70.67  106.00  35.33 
Railway ferry  81.98  1,833.43  51.14  76.71  25.57 
Inland waterways  59.85  1,341.90  37.45  56.00  18.55 
2030      
Container vessels  13.00  268.79  8.11  12.16  4.05 
Tankers, bulk carriers 

and dry cargo 
vessels <= 10,000  

27.04  462.26  16.87  25.31  8.44 

Tankers, bulk carriers 
and dry cargo 
vessels > 10,000  

11.27  232.96  7.03  10.54  3.51 

Roro vessels  41.56  710.43  25.93  38.89  12.96 
Ropax1  103.08  1,762.02  64.31  96.46  32.15 
Railway ferry  74.60  1,275.16  46.54  69.81  23.27 
Inland waterways  50.40  861.35  31.50  47.25  15.75 
2040      
Container vessels  12.06  113.96  7.52  11.28  3.76 
Tankers, bulk carriers 

and dry cargo 
vessels <= 10,000  

24.63  191.29  15.36  23.05  7.68 

Tankers, bulk carriers 
and dry cargo 
vessels > 10,000  

10.26  212.16  6.40  9.60  3.20 

Roro vessels  39.70  308.30  24.76  37.14  12.38 
Ropax  99.69  774.23  62.19  93.28  31.09 
Railway ferry  72.14  560.31  45.00  67.51  22.50 
Inland waterways  45.85  356.30  28.70  43.05  14.35 

Notes: (1) The emission factor for Ropax vessels reflects an average for all Ropax 
vessels calling at a Swedish port. It is not representative of calculations of 
emissions from domestic traffic as this is dominated by the ferries that operate 
the lines to and from Gotland. For domestic traffic, the emission factor should 
therefore be increased by a factor of 3 to 4. (2) As it has been difficult to find a 
suitable source of data for the calculation of emissions per tonne-km for ‘inland 
waterway vessels’, the value has been adjusted to a level similar to that for heavy 
trucks with trailers. (3) The development to 2030 and 2040 follows from the 
assumptions about streamlining and efficiency gains, as well as assumptions 
about the development of the fleet regarding TIER requirements given by 
M4Traffic (2019).Source: THETIS-MRV (2021) and M4Traffic (2019). 

Table 9 
Emission factors for LNG by ship segment for 2017, 2030 and 2040.  

Ship segment CO2 NOX SO2 HC PM   

g/tonne-km  mg/tonne-km 
2017      
Container vessels  18.54  38.10  0.00  14.65  0.88 
Tankers, bulk carriers, dry 

cargo vessels <=

10,000  

38.11  78.33  0.00  30.13  1.81 

Tankers, bulk carriers, dry 
cargo vessels > 10,000  

15.87  32.63  0.00  12.55  0.75 

Roror vessels  55.28  113.62  0.00  43.70  2.62 
Ropax  134.09  275.60  0.00  106.00  6.36 
Railway ferry  97.04  199.45  0.00  76.71  4.60 
Inland waterways *  71.05  145.95  0.00  56.00  3.50 
2030      
Container vessels  15.39  31.62  0.00  12.16  0.73 
Tankers, bulk carriers, dry 

cargo vessels <=

10,000  

32.01  65.80  0.00  25.31  1.52 

Tankers, bulk carriers, dry 
cargo vessels > 10,000  

13.33  27.41  0.00  10.54  0.63 

Roror vessels  49.20  101.12  0.00  38.89  2.33 
Ropax  122.02  250.80  0.00  96.46  5.79 
Railway ferry  88.31  181.50  0.00  69.81  4.19 
Inland waterways *  59.50  122.50  0.00  47.25  2.80 
2040      
Container vessels  14.27  29.34  0.00  11.28  0.68 
Tankers, bulk carriers, dry 

cargo vessels <=

10,000  

29.15  59.92  0.00  23.05  1.38 

Tankers, bulk carriers, dry 
cargo vessels > 10,000  

12.14  24.96  0.00  9.60  0.58 

Roror vessels  46.99  96.58  0.00  37.14  2.23 
Ropax  118.00  242.53  0.00  93.28  5.60 
Railway ferry  85.40  175.52  0.00  67.51  4.05 
Inland waterways *  54.25  111.65  0.00  43.05  2.45 

Notes: (1) As it has been difficult to find a suitable source of data for the 
calculation of emissions per tonne-km for ‘inland waterway vessels’, the value 
has been adjusted to a level similar to that for heavy trucks with trailers. (2) The 
development to 2030 and 2040 follows from the assumptions about streamlining 
and efficiency gains, as well as assumptions about the development of the fleet 
regarding TIER requirements given by M4Traffic (2019). 
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SLOW ELECTRIFICATION scenarios, the target that GHG emissions from 
freight transport will be reduced by 70 % between 2010 and 2030 is not 
achieved. This is despite the fact that the railway share (which is 
assumed to have zero emissions) may be slightly overestimated. This 
means that other segments in the transport sector, such as passenger 
transport by car and bus, need to reduce their emissions by more than 
70 % in order to achieve the total emissions target. In FAST ELECTRI-
FICATION, GHG emissions from freight transport are estimated to 
decrease by approximately 57 % and in SLOW ELECTRIFICATION by 
approximately 53 %. The corresponding reductions if only the emissions 
of truck transport are taken into account are approximately 64 and 60 %, 
respectively. The admixture of biofuels that is assumed until 2030 is 
then 46 %. 

Table 10 
Estimated emissions from shipping for the base-case year of 2017.   

Tonne-km CO2-eq 
(ktonnes) 

NOX (tonnes) SO2 
(tonnes) 

VOC (tonnes) PM 
(tonnes) 

Container vessels 833,793 13,1 350 8 12 4 
Tankers, bulk carriers and dry cargo vessels <= 10,000 2,240,746 72,1 1 613 45 68 23 
Tankers, bulk carriers and dry cargo vessels > 10,000 1,559,897 20,9 561 13 20 7 
Roro vessels 1,848,696 86,3 1,931 54 81 27 
Ropax vessels 156,758 53,3 1,191 33 50 17 
Inland waterways 12,000 0,7 0 0 0 0 
In total1 6,651,890 246,4 5,647,0 153,3 229,9 76,6 

Note: There are no official statistics over emission from shipping on Swedish territory. 

Table 11 
Estimated emissions from road freight and shipping on the Swedish territory for 
the base-case year of 2017, valued in million € according to EU (2020).   

CO2eq NOX SO2 VOC PM Total 

Road 333.7 91.7 0.1 0.3 4.6 430.4 
Shipping 24.6 44.6 1.1 0.2 1.4 71.9 
Total 358.3 136.3 1.1 0.5 6.0 502.3 
Share road 93 % 67 % 5 % 54 % 77 % 86 % 
Share shipping 7 % 33 % 95 % 46 % 23 % 14 %  

Fig. 4. Estimated changes in CO2-eq emissions (ktonnes per year) from road and sea on Swedish territory by 2040 under various forecasts; noted changes in percent. 
Notes: (1) The dashed parts indicate the CO2-eq emissions level when using the same fuel mix as 2017 and the solid bars indicate the CO2-eq emissions level 
calculated at 70% admixture of biofuels. (2) Open and closed gray batches indicate the starting position according to the outcome for the base year 2017. (3) The 
figures indicate changes in % admixture of biofuels and the bars indicate emissions in ktonnes. 
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According to the Swedish Transport Administration (2020h), GHG 
emissions from all road traffic (i.e., including light vehicles and buses) 
are estimated to decrease by about 90 % between 2010 and 2040 and by 
about 70 % between 2010 and 2030, if the assumptions described in 
Table 4 on electrification and the use of biofuels are achieved (plus 
additional assumptions regarding light vehicles and buses). According to 
Swedish Transport Administration (2020d), GHG emissions from heavy 
truck traffic will decrease by almost 86 % between 2010 and 2040. 
However, in the FAST ELECTRIFICATION forecast, a reduction of just 
over 85 % is achieved and in the SLOW ELECTRIFICATION forecast a 
reduction of just over 77 %. In all cases assuming a blend of biofuels in 
the truck diesel of 70 %. If an assessment of emissions from shipping is 
included, GHG emissions from total domestic freight transport could 
decrease by just under 81 % in the SLOW ELECTRIFICATION forecast 
and just under 73 % in the FAST ELECTRIFICATION forecast. See 
Table 13. 

All this may mean that Sweden’s climate target of a reduction of 70 
% in GHG emissions for domestic transports by 2030 will not be ach-
ieved. The reduction in GHG emissions is primarily explained by a 
higher admixture of biofuels, but also by the streamlining, electrifica-
tion, and use of alternative fuels. To improve the probability of 
achieving the set climate target, there needs to be greater use than 
predicted of biofuels and a wider proliferation of streamlining, electri-
fication, and the use of alternative fuels. Even under the scenario where 
freight transport demand is halved, significant interventions are needed 
if the target for GHG emissions is to be achieved. In this respect, 
reducing road transport can also be important for other reasons, such as 
keeping particulate emissions down and reducing future problems with 
congestion, accidents, and noise. While the latter effects fall outside the 
scope of this analysis, the effect on particulate emissions is outlined in 
section 4.5 below. 

4.2. NOX, SO2, VOC and PM emissions 

Despite increased transport work, the emission of NOX from freight 
transport is expected to decrease by between 60 and 75 % by 2040 (see 
Fig. 5). This reduction is primarily due to changes in the vehicle fleet to 
trucks and vessels with lower emissions levels, but for shipping also a 
transition to alternative fuels. By 2040, all trucks are assumed to meet 
the current Euro class 6 requirements and 76 % of vessels are expected to 
meet the TIER III requirements according to the assessment in M4Traffic 

(2019). 
As shown in Fig. 5, road transport’s emissions of SO2 were already 

very low in the base-case year of 2017. Emissions of SO2 from freight 
transport in general, like emissions of NOX, are largely related to the use 
of shipping. Thus, efforts to attain the environmental quality target of 
“Only natural acidification”, is largely a matter for shipping. As such, it 
is clear that model assumptions about efficiencies, electrification, and 
the use of alternative fuels for shipping will strongly affect the outcome. 
Indeed, model assumptions about streamlining and the use of LNG result 
in lower emissions in all the forecasts, where the emissions are estimated 
to reduce by between 41 and 50 %, provided that alternative fuels 
achieve their expected uptake. 

Like the situation for SO2, the emissions of VOCs on Swedish terri-
tory originate mainly from shipping (see Fig. 5) and, thus, the sector has 
a key part to play in efforts to attain the environmental quality objective 
of “Clean air”. However, these emissions are expected to increase for 
maritime transport under all forecasts. The highest growth between 
2017 and 2040 is calculated to be about 25 % under the SLOW ELEC-
TRIFICATION forecast and the lowest predicted growth of 7 % for 
maritime VOCs is under the SLOW ELECTRIFICATION forecast with 50 
% lower growth in demand. With this forecast, there is a net estimated 3 
% reduction in the total VOC emissions from freight transport (road and 
shipping). For emissions of VOCs, therefore, it may be particularly 
important to try to limit the increase in transport demand. 

Freight transport’s emissions of exhaust and wear PM occur pri-
marily in the road transport sector. In 2017, approximately 87 % of these 
emissions consisted of wear PM from tyres, brakes, and the road surface 
and 13 % from exhaust particles. For reduced PM emissions, it will 
therefore be important to reduce road traffic. The exhaust and wear PM 
that truck transport gives rise to are expected to increase under all 
forecasts for 2040; most (about 33 %) in the forecast SLOW ELECTRI-
FICATION + 74 tonnes and least (about 7 %) in the forecast SLOW 
ELECTRIFICATION + lower growth forecast where demand is reduced 
by 50 % (see Fig. 5). As a result of the use of trucks with better envi-
ronmental classes (higher Euro classes), approximately 99 % of the PM 
emissions of road transport in 2040 consist of wear PM. However, 
exhaust PM are generally more harmful than wear particles, (Swedish 
Transport Administration, 2020f). 

Sea transport only gives rise to exhaust PM; these maritime exhaust 
PM are estimated to increase and decrease by between 30 and 40 % 
under the different forecasts. 

When looking at the total PM emissions of freight transport, there is a 
reduction of about 4 % predicted under the SLOW ELECTRIFICATION +
lower growth forecast. Under the other forecasts, it is estimated that PM 
emissions will increase by between 13 and 19 %. While it has been 
revealed earlier that increased electrification in the road transport sector 
can contribute to the fulfillment of the climate targets, these results 
illustrate that if this should lead to lower transport costs and increased 
road traffic, therefore, the amount of wear PM will increase. Thus, what 
is favorable for contributing to the climate goal can thus compromise the 
attainment of the environmental quality goal of “Clean air”. 

5. The effects of the policy instruments on emissions 

5.1. Ecobonus+

The Ecobonus+ policy instrument is a subsidy that makes rail and 
shipping more attractive (than road) by assuming 30 % lower costs for 
loading and unloading in all Swedish rail terminals and ports. Under the 
Base 2017 scenario, the Ecobonus+ is estimated to lead to just under 2 % 
lower GHG emissions. By 2040, on the other hand, the introduction of 
the same policy instrument is expected to lead to higher, or at least 
unchanged, GHG emissions. Under the forecast FAST ELECTRIFICA-
TION, GHG emissions are predicted to increase by 0.6 %, while the 
forecast SLOW ELECTRIFICATION predicts that the Ecobonus+ will lead 
to a slight reduction in GHG emissions by approximately 0.1 % (see 

Table 12 
Estimated percentage change in CO2-eq from domestic freight traffic between 
2010 and 2030; %.  

Forecast Road Shipping Total 

SLOW ELECTRIFICATION  − 60.3  58.6  − 53.4 
FAST ELECTRIFICATION  − 63.9  57.5  − 57.0 

Notes: (1) For GHG emissions, the calculation for shipping has been limited to 
only movements between Swedish ports, as the Swedish climate target for 2030 
only includes domestic transport (excl. flights), defined for maritime transport as 
movements between Swedish ports. (2) In 2017, transport work from domestic 
freight traffic accounted for about 20% of the total transport work on Swedish 
territory. (3) The calculations of the distribution of transport work by the 
different modes of transport are affected by that available capacity for rail traffic 
has been set at the same level as for 2040. In other words, the forecasts FAST 
ELECTRIFICATION and SLOW ELECTRIFICATION for 2030 assume that several 
railway investments will be completed ahead of time. 

Table 13 
Estimated percentage reduction of CO2-eq between 2010 and 2040 for emissions 
on Swedish territory; %.  

Forecast Road Shipping Total 

SLOW ELECTRIFICATION  − 77.1  − 1.1  − 72.7 
FAST ELECTRIFICATION  − 85.1  − 9.8  − 80.7  
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Fig. 6). The explanation lies in the fact that road traffic is assumed to 
achieve a relatively high degree of electrification by 2040 and that the 
remaining combustion of diesel does not produce such large emissions 
because the admixture of biofuels is estimated to reach 70 % by 2040. 
Furthermore, improvements in efficiency are assumed to lead to fuel 
consumption falling by 35 %, which results in a corresponding reduction 
in the emission factor for road traffic. The emission factor per tonne-km 
for heavy trucks then reaches approximately the same level as the cur-
rent emission factor for smaller tankers, bulk and dry cargo vessels and 

ro-ro vessels. In the FAST ELECTRIFICATION forecast, it is also assumed 
that rail and shipping will become more efficient, which means that the 
outcome will not be as extreme. The SLOW ELECTRIFICATION forecast 
assumes a lower electrification and streamlining of road traffic, which in 
combination with streamlining of the vessels results in a slight reduction 
in total CO2-eq emissions. 

Fig. 6 suggests that the introduction of an Ecobonus+ policy in-
strument is expected to lead to an increase in emissions of nitrogen 
oxides, sulfur dioxide and volatile organic compounds. As previously 

Fig. 5. Estimated changes in emissions of NOX, SO2, VOC and PM (ktonnes per year) from road and maritime traffic on Swedish territory by 2040 under various 
forecasts; noted changes in percent. Note; Gray bars (open and closed) indicate the emissions level according to the outcome for the base year 2017. 
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stated, shipping accounts for most of these emissions. Albeit rational 
from a transport cost perspective, mass freight modal transfer to ship-
ping is thus not expected to lead to a reduction in the air pollution of 
freight transport. One explanation for this is that the road transport 
sector generally uses cleaner fuels and vehicles than the maritime 
transport sector. The average emission factors for nitrogen oxides, sulfur 
dioxides and volatile organic compounds were already lower in 2017 for 
road transport than for sea transport, but with the developments over 
time which are assumed under the various model forecasts, the differ-
ences have increased. The negative effects of an Ecobonus+ policy in-
strument is therefore estimated to increase over time. 

There are two effects for PM emissions; exhaust PM increase as the 
introduction of Ecobonus+ leads to increased sea transport work, while 
wear PM decrease as road transport work decreases. The wear PM ac-
count for most PM emissions, so the total amount of wear and exhaust 
PM is estimated to decrease in all cases, by between 1.1 and 2.2 %. This 
means that the introduction of an Ecobonus+ policy instrument makes a 
positive contribution towards attaining the environmental quality target 
of ‘Clean air’. For reducing PM emissions an Ecobonus+ policy instru-
ment is estimated to be more effective in the FAST ELECTRIFICATION 
than in base and in the SLOW ELECTRIFICATION forecast. 

Applying the valued emissions in Table 11 we calculate overall 
emission reductions worth € 5.5 million in the Base 2017 scenario and 
overall emission increases of € 1.3 million in the SLOW ELECTRIFICA-
TION forecast and € 4.8 million in the FAST ELECTRIFICATION forecast. 

Pinchasik et al. (2020) estimate that an Ecobonus system that ex-
cludes bulk transport leads to larger transfers to rail, rather than to 
shipping. The calculations in this case are made for the year 2030. 
Transfers to shipping are estimated to lead to increased emissions of 
carbon dioxide, NOX and PM, which is in line with the results reported 
in Fig. 6. The freight modal transfer to rail is expected to lead to only 
very small climate and environmental effects. 

5.2. Wear and tear tax 

The second policy instrument makes rail and shipping more attrac-
tive by assuming increased costs for road transport. The introduction of 
a wear and tear tax for trucks on the Swedish road network is estimated 
to reduce emissions of GHG and PM in total by about 3 % in the base year 
of 2017 (see Fig. 7). At the same time, emissions of NOX, SO2, and VOCs 
are estimated to increase by between 1 and 4 %. In the forecasts FAST 
ELECTRIFICATION and SLOW ELECTRIFICATION, which include 
streamlining and the utilization of alternative fuels in shipping, only a 
slight reduction in GHG emissions is obtained instead (0.1 and 0.7 %, 
respectively). 

Like Ecobonus+, the wear and tear tax is estimated in all cases to 
lead to increased emissions of NOX, SO2, and VOCs, but lower emissions 

of wear PM overall. Since a wear and tear tax leads to a sharper 
reduction in traffic work on the road, this instrument provides a greater 
reduction in particulate emissions than Ecobonus+ is expected to pro-
vide. Unlike Ecobonus+, which primarily benefits container traffic and 
transport on inland waterways, a wear and tear tax has a positive effect 
on all shipping segments except for ferry traffic since the reduced truck 
traffic means that the demand for ferry transport decreases. Road freight 
traffic is affected more with a wear and tear tax than other modes 
because heavier trucks, which give rise to more wear, are taxed more 
highly than smaller trucks. In the presence of a wear and tear tax, 
therefore, the transport work is thus reduced most for the heaviest 
trucks. The Ecobonus+ policy instrument will, to a greater extent, affect 
trucks with a total weight of a maximum of 40 tonnes. 

Using the valued emissions in Table 11 we calculate overall emission 
reductions worth about € 9 million in the Base 2017 scenario and 1.3 
million in the SLOW ELECTRIFICATION forecast 2040 and an increase 
of about € 1.9 million in the FAST ELECTRIFICATION forecast. 

5.3. Fulfilment of climate and environmental targets 

To test how well the two policy instruments contribute to the 
achievement of Sweden’s climate target for 2030, results have also been 
produced for the forecasts FAST ELECTRIFICATION (2030) and SLOW 
ELECTRIFICATION (2030). The contribution of the two instruments to 
achieving Sweden’s climate target of a 70 % reduction in GHG emissions 
between 2010 and 2030 for domestic transport (with origin and desti-
nation in Sweden) is estimated to be positive. As shown in Table 14, the 
reduction of GHG is estimated to be approximately 0.6 and 1.2 per-
centage points greater, respectively, if Ecobonus+ or a wear and tear tax 
is introduced. That the contribution is estimated to be positive is largely 
explained by road traffic not achieving the same degree of electrification 
and efficiency by 2030 and by the fact that the blend of biofuels will be 
lower in 2030 compared to 2040. In a comparison against the climate 
target, an equal share of shipping is also not included in the calculations, 

Fig. 6. Estimated change in emission levels with implementation of Ecobonus+
(%) in Base 2017 and forecasts SLOW and FAST ELECTRIFICATION 2040. Fig. 7. Estimated change in emission levels with the introduction of a road 

wear and tear tax in Base 2017 and forecasts SLOW and FAST ELECTRIFICA-
TION 2040. 

Table 14 
Estimated percentage reductions in CO2-eq between 2010 and 2030 with and 
without policy instruments for modal transfer from road. (Note: Shipping is 
calculated only for traffic between Swedish ports).  

Forecasts Road Shipping Total 

SLOW ELECTRIFICATION  − 60.3  58.6  − 53.4 
SLOW ELECTRIFICATION + Ecobonus+ − 61.6  71.6  − 53.9 
SLOW ELECTRIFICATION + Wear and tear tax  − 62.0  66.2  − 54.6 
FAST ELECTRIFICATION  − 63.9  57.5  − 57.0 
FAST ELECTRIFICATION + Ecobonus+ − 66.4  69.6  − 58.6 
FAST ELECTRIFICATION + Wear and tear tax  − 65.7  65.3  − 58.1  
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with only the emissions from traffic between Swedish ports being 
included. 

When it comes to outcomes for 2040 compared to the climate target 
reference year 2010, the effects of the policy instruments are calculated 
to be more limited and, in some cases, even negative (see Table 15). 
However, these predicted effects may be assessed as being merely short- 
term since, in the long run, the instruments could affect freight transport 
demand. In the analyses conducted, it is assumed that freight transport 
demand will remain stable. The results are thus based on analyses of 
how the same transport problem is resolved with different assumptions 
about future technology, fuel, and price development and with two 
policy instruments that result in lower road transport work. 

The summary results presented in Table 16 show that the two policy 
instruments are expected to lead to the intended modal transfers. 
However, the picture is more differentiated when the effects on emis-
sions are considered. As previously mentioned, both the introduction of 
an Ecobonus+ and a wear and tear tax are estimated to lead to an im-
mediate lowering of GHG emissions within the 2017 base scenario, but 
to have hardly any impact if introduced 2040. In fact, given the assumed 
efficiencies, electrification, and the increased use of biofuels for road 
transport, the implementation of these policy measures is estimated to 
lead to more emissions of GHGs, NOX, SO2 and VOCs in the 2040 
forecasts. However, the transfer from road to rail and shipping is esti-
mated to lead to a reduction in the total amount of PM emissions (both 
from exhaust gases and wear). For exhaust PM, the assumed technical 
developments result in a faster reduction of emissions from road than 
from for shipping, which means that a modal transfer will result in a 
sharper increase in emissions in 2040 compared to 2017. The wear PM, 
on the other hand, are reduced when road traffic decreases, which 
means that the total particle emissions will be lower. 

Although it is difficult to make direct comparisons, the results from 
our analysis are in line with those of Pinchasik, et al. (2020) which find 
that policy instruments that have the goal to promote a transfer from 
road to rail and shipping would only reduce the amount of carbon di-
oxide by approximately 3.6 % by 2030. This is even though their anal-
ysis covered several instruments that were combined and introduced 
simultaneously in Norway, Denmark, and Sweden. Pinchasik, et al. 
(2020) conclude that policy instruments that are to promote the transfer 
from road to rail and shipping must not be considered as instruments 
that contribute much to the fulfillment of climate goals, but that these 
instruments can contribute to achieving other political goals. 

6. Discussion 

The results produced from the different forecasts reveal that, despite 
the sharp increase in transport work predicted to take place between 
2017 and 2040, GHG emissions are estimated to decline by 50 to 60 %. 
The assumed technical developments and higher shares of biofuels 
under each forecast are thus estimated to be able to support the forecast 
tonne-km growth. Model results indicate that technical developments in 
the road transport sector will mean that the average GHG emissions per 
tonne-km from road traffic using today’s fuel mix may approach the 
average emission factor for maritime transport using MGO by 2040. 

With a fuel mix of 70 % biofuel use in trucks and a fuel mix of 25 % 
biofuels or other zero-GHG fuels in shipping, it is estimated that the 
average GHG emissions per tonne-km from shipping could be roughly 
70 % higher than that of road freight by 2040. The results are also 
affected by the assumption that a high proportion of km driven by trucks 
in 2040 can be done under electric power. In contrast, for shipping, it is 
estimated that some elements of ferry traffic will be able to run under 
electric power by 2040, but any broader electrification is considered 
difficult to achieve by 2040. 

Irrespective of the model results, access to biofuels and electricity is a 
major uncertainty and challenge for the entire transport sector. This is 
especially true for biofuels, where demand is already relatively high but 
expected to increase relatively fast into the future, partly in the transport 
sector, partly in other sectors and internationally. In this respect, it may 
be important to achieve rapid electrification of freight traffic, which, 
however, requires secure access to green electricity and a network that 
can support the increased demand for charging. Should freight transport 
demand develop at a lower rate than what is calculated in the Swedish 
Transport Administration’s official freight transport forecast, the need 
for biofuels and electricity will be reduced. Lower freight transport de-
mand by 2040 will not have a major effect on estimated GHG emissions 
given a high proportion of biofuels, a high proportion of electric power 
and a high proportion of alternative fuels in shipping. Then, of course, a 
lower growth rate for freight transport demand facilitates the possibility 
of achieving climate goals, while at the same time it can have a positive 
effect on the possibility of achieving other transport policy goals. 

According to our tested forecasts, the GHG emissions caused by do-
mestic freight transport can be reduced by a maximum of 57 % between 
2010 and 2030. This means that the heavy goods transport segment does 
not meet its part of the goal for reducing the GHG emissions by 70 %. 
This in turn means that other segments that are included in domestic 
transport, i.e., cars, busses, and light trucks, will need to reduce their 
emissions by more than 70 % in order to reach the target. If the blend of 
biofuels in truck diesel is maintained at the current level of 23 %, instead 
of the level of 46 % assumed in the forecasts for 2030, GHG emissions 
from the heavy truck segment are estimated to be reduced by a 
maximum of only 25 %. To attain the climate goal set for 2030, there-
fore, it is important to be able to achieve a high mix of biofuels. 

With respect to other emissions from Sweden’s freight transport 
sector: 

• NOX emissions, which are mainly caused by sea transport, are esti-
mated to be reduced by 60 to 75 % by 2040 (compared to the level 
2017). This is partly brought about by the IMO’s stricter limits on the 
NOX emissions of new ships and partly by an expected increased use 
of LNG. The reduction of nitrogen oxide emissions is thus estimated 
to be manageable via a renewal of the fleet.  

• SO2 emissions are also mainly linked to maritime transport and are 
primarily affected by the fuels used. These emissions are estimated to 
decline by between 41 and 50 % by 2040 compared to the 2017 level, 
in the forecasts FAST and SLOW ELECTRIFICATION. 

• Emissions of VOCs are estimated to increase in all forecasts (by be-
tween 8 and 30 %) except in the forecast where there is a 50 % lower 
growth in transport demand. In the case of the latter, a 3 % reduction 
is calculated.  

• The total PM emissions (exhaust and wear & tear) are estimated to 
increase by between 13 and 33 % in all forecasts except for the 
forecast which assumes a 50 % lower growth in transport demand. 
For the latter forecast, a 4 % reduction has been estimated. For road 
transport specifically, the amount of exhaust PM is reduced thanks to 
the transition to higher Euro classes and an increased use of electric 
trucks. For shipping, emissions of exhaust PM are reduced through 
increased use of alternative fuels. However, the dominant emissions 
of PM come from road and tire wear and these increase in all fore-
casts, because of increased road traffic work. The share of wear PM in 
total PM emissions increases from 87 % in 2017 to 99 % in 2040. To 

Table 15 
Estimated percentage reductions in CO2-eq between 2010 and 2040 with and 
without policy instruments for modal transfer from road. For freight transport on 
Swedish territory. Note: Shipping is calculated only for traffic between Swedish 
ports.  

Forecast Road Shipping Total 

SLOW ELECTRIFICATION  − 77.1  − 1.1  − 72.7 
SLOW ELECTRIFICATION + Ecobonus + − 77.8  9.6  − 72.8 
SLOW ELECTRIFICATION + Wear and tear tax  − 78.1  5.4  − 73.3 
FAST ELECTRIFICATION  − 85.1  − 9.8  − 80.7 
FAST ELECTRIFICATION + Ecobonus+ − 85.5  1.0  − 80.5 
FAST ELECTRIFICATION + Wear and tear tax  − 85.9  − 1.4  − 81.1  
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reduce PM emissions, therefore, it will be important to limit freight 
transport by road. 

In a policy context it is often argued that it is important to promote a 
transfer of freight from road to both rail and shipping. To this end, the 
potential impact of two instruments to promote the transfer of goods 
have been analyzed: (1) the introduction of an “Ecobonus +” that re-
duces transhipment costs in Swedish ports and railway terminals by 30 
%, and (2) a ‘wear and tear’ tax for trucks on the Swedish road network 
of up to € 13.8 per vehicle km, depending on the size of the truck. 

The effects of the instruments have been analyzed for the base-case 
year of 2017 and under different forecast scenarios for 2040. Under 
all scenarios, both instruments are estimated to lead to the expected 
effects when it comes to the transfer of transport work; making it more 
attractive to use rail and shipping. To introduce the instruments today 
yields relatively large reductions in GHG emissions (1.9 and 3 % 
respectively, for the ‘Ecobonus+’ and the ‘wear and tear’ tax). Under the 
SLOW ELECTRIFICATION assumptions, GHG emissions are reduced, but 
only by 0.1 and 0.7 % respectively. In the FAST ELECTRIFICATION 
forecast, the introduction of ‘Ecobonus+’ leads to an increase in GHG 
emissions of 0.6 %, while a ‘wear and tear’ tax gives a reduction of 0.1 
%. 

Introducing either of these two policy instruments to prompt a modal 
transfer as a way of reducing GHG emissions in 2040 can have limited 
effect, possibly also a reverse effect. According to our calculations, the 
introduction of the policies leads to overall emission reductions (worth € 
5.5 resp. 9 million) in the Base 2017 scenario and increases (worth € 4.8 
resp. 1.9 million) in the FAST ELECTRIFICATION forecast 2040. If road 
traffic is electrified, streamlined, and can use biofuels to the extent 
assumed in the forecasts, shipping in particular needs to achieve similar 
improvements for a transfer of transport from road to be desirable from a 
climate perspective by 2040. Transfer to rail will continue to be good for 
the climate, but the effect is not expected to be as great in 2040 as today. 

In terms of Sweden’s climate goal for 2030 – i.e., a reduction of GHG 
emissions from domestic transport by 70 % between 2010 and 2030 – 
‘Ecobonus+’ and a ‘wear and tear’ tax are estimated to lead to added 
GHG reductions by approximately 0.6 and 1.2 percentage points 
respectively. In the forecast FAST ELECTRIFICATION, therefore, with 
both policies implemented the total reduction in GHG emissions be-
tween 2010 and 2030 is estimated to be around 59 %. Thus, these policy 
instruments will make a contribution, but they will not lead to the 
climate goal being achieved for freight transport. 

Although it is difficult to make direct comparisons, the results pro-
duced by the forecasts for 2030 are in line with the results in a 
Norwegian-Swedish study (Pinchasik et al., 2020). In their study, 
different transfer instruments are tested in Norway, individually and in 
combination, as well as different variants of instrument packages that 
are introduced simultaneously in Norway, Denmark, and Sweden. The 
results show that the policy instruments would at best reduce the 
amount of CO2 in 2030 by 3.6 % compared to the reference scenario 
with current policies. The authors of the report conclude that the 
transfer instruments should thus not be regarded as instruments for 
achieving climate goals, but that these instruments can contribute to 
achieving other political goals. 

In all cases, the implementation of the policy instruments is expected 
to lead to more emissions of NOX, SO2 and VOCs. Even in this case, it is 
important that shipping can achieve an increased use of alternative fuels 
and electricity, but for NOX specifically, it is also important that in-
centives are created for the older part of the fleet to invest in purification 
equipment for lowering NOX- emissions. The share of the air pollution 
emission caused by shipping will also be counted higher if a larger ter-
ritory than Swedish waters (i.e., the Baltic Sea) is considered. Both in-
struments are expected to lead to a reduction in total PM emissions, 
which will contribute to the fulfillment of the environmental quality 
goal ‘Clean air’. The reduction is estimated at between 1.7 and 4.3 %. 
The explanation is that the amount of wear particles decreases when the 
freight transport work on the road decreases. This counteracts the esti-
mated increase in exhaust PM. 

It is also important to remember that freight transport gives rise to 
other non-internalized externalities and that the transfer of freight 
transport from road to rail and shipping can be important for objectives 
other than the four environmental quality objectives mentioned in the 
introduction. The main aim of the ‘wear and tear’ tax for heavy trucks, 
for example, is to internalize infrastructure costs. The shift from road to 
rail and shipping also leads, all other things being equal to less 
congestion, lower noise, and fewer traffic accidents. 

7. Conclusions 

The overall results of our analysis show that the two evaluated policy 
instruments to promote the transfer of freight transport from road to rail 
and shipping are not viable for all environmental quality objectives. 
While freight modal transfer is primarily important for reducing PM 
emissions from road traffic, it can also have positive effects on reducing 
GHG emissions, but this effect is estimated to be diminishing over time. 
The effect that can be achieved is of course affected by the extent to 
which shipping, and road modes succeed in streamlining traffic and 
increasing the use of alternative fuels and electricity. For other envi-
ronmental quality objectives, the two evaluated policy instruments for 
transfer are estimated to have negative effects. 

The transfer of freight from road to rail has great potential to reduce 
freight transport emissions to air, even with the assumptions made for 
road traffic by 2040. Under the assumption of a fuel mix containing 70 % 
biofuels, road traffic is estimated to give an average of 5.5 times higher 
emissions of GHG per tonne-km compared with rail transport. Today, 
GHG emissions per tonne-km from road traffic are estimated to be 32 
times higher than for rail transport. However, because of capacity con-
straints, it is not easy to determine to what extent it is (or will be) 
possible to increase freight transport work by rail. In this respect, it will 
be important to investigate the possibilities of making better use of the 
existing rail track capacity. For example, via a more powerful differen-
tiation of track charges over both types of freight and time of day, but 
also via a developed capacity allocation process for freight transport by 
rail. 

With regard to shipping, policies for prompting modal transfer need 
to be combined with instruments that give shipping an incentive to 
switch to alternative fuels and accelerate investments in new vessels or 
upgrades. Above all, this is crucially important in relation to the 

Table 16 
Estimated change in tonne-km (first columns) and emission levels with Ecobonus+ and road wear and tear tax (%) compared to the forecasts without additional modal 
shift policy instruments.  

Forecast Road Rail Shipping CO2-eq NOX SO2 VOC PM 
exhaust 

PM 
wear 

PM 
total 

Base 2017 + Ecobonus+ − 2.9  3.5  4.5 − 1.9  1.0  2.8  1.7  0.9 − 2.9 − 1.7 
Base 2017 + wear and tear tax − 5.2  5.0  4.4 − 3.0  1.4  4.1  2.6  1.4 − 5.2 − 3.1 
SLOW ELECTRIF. 2040 + Ecobonus+ − 2.7  2.1  3.7 − 0.1  1.3  2.9  2.4  2.6 − 2.7 − 1.9 
SLOW ELECTRIF. 2040 + wear and tear tax − 4.3  3.1  3.0 − 0.7  1.1  3.0  2.4  2.7 − 4.3 − 3.3 
FAST ELECTRIF. 2040 + Ecobonus+ − 3.0  3.1  3.9 0.6  2.0  3.0  2.6  2.8 − 3.0 − 2.2 
FAST ELECTRIF. 2040 + wear and tear tax − 5.5  4.4  4.1 − 0.1  1.8  3.8  3.3  3.5 − 5.5 − 4.3  
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environmental quality objectives of “Only natural acidification” and “No 
eutrophication”. The latest statistics show that shipping’s use of LNG as 
a fuel has increased in recent years, which in turn opens up the potential 
for greater use of liquid biogas (LBG), particularly if prices should fall. 

Our analysis and corresponding results reveal the extent to which 
regulations have affected certain types of emissions. The EU Euro class 
rules on air pollution have accelerated the trend towards cleaner engines 
and lower emissions from road traffic. The IMO’s stricter sulfur re-
quirements have had a major effect on the emission of SO2 from ship-
ping. Corresponding effects are expected from EU requirements for 
lower CO2 emissions from new trucks and the IMO’s stricter nitrogen 
requirements for new vessels, as well as its push for reducing the GHG 
emissions of the sector. It is obvious that technological development is 
accelerating in the road transport sector, where the turnover of the 
vehicle fleet is significantly faster than in the rail and sea transport 
sectors, where trains and ships are being used for several decades. 

The plans of the stake holders in the Swedish shipping sector will to a 
large extent be influenced by the European Union’s FF55 package 
comprising four main parts that affect sea transport costs: 1) the 
extension of the Emissions Trading System to shipping, 2) the revision of 
the Energy Tax Directive which means an end to tax exemption for 
marine fuel, 3) the proposed ‘FuelEU Maritime’ which means that a GHG 
intensity standard for marine fuel is implemented and 4) the proposed 
Directive of Deployment of Alternative Fuels Infrastructure, European 
Commission (2021). Merkel et al. (2023) show that investing in the 
provision of shore power in ports can be socio-economically beneficial. 

Despite the comprehensive nature of the modelled forecast emissions 
for the Swedish freight transport sector conducted within this work, 
there remain several potential opportunities for future research. For 
example, as a supplementary exercise, a cost-benefit analysis could be 
implemented based on the results achieved herein. Related to this 
prospect and to more accurately analyze health and environmental ef-
fects in more detail, a regional breakdown of the emissions, as well as 
calculations based on some meteorological distribution model, could 
supplement the results. This would be valuable since different emissions 
exert a variety of effects at different levels of geographic scope; in 
particular, GHG emissions are the only ones that can be valued 
regardless of where the emissions occur. Linked to this, there is also a 
need to develop more vehicle-specific emission factors for wear PM, for 
example divided into vehicle weight and axle configuration. There are so 
far too few studies on how wear emissions from electric vehicles relate to 
wear emissions from vehicles with internal combustion engines. Electric 
vehicles differ in greater weight, greater torque, but also in different 
tyres to counteract the greater tyre wear. Furthermore, emission factors 
for different geographical areas would be desirable. There are also many 
more macroscopic analyses that could be implemented relating to, for 
example: 1) the indirect emissions related to freight transport that are 
derived from the production of alternative fuels, electricity, batteries, 
vehicles, and infrastructure; and 2) future fundamental shifts in tech-
nology that bring about changes in relative transport costs that 
completely alter future production and demand structures. 
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