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Abstract
Purpose:
Finnish government allowed high capacity transport (HCT) trucks to operate freely on Finnish
roads in October 2013. The new regulation increased the maximum weight limit of trucks to 76
tonnes and the maximum height limit to 4.4 meters from the previous weight and height limits of
the European modular system (60 tonnes and 4.2 meters), which were already in use in Finland.
The purpose of this paper is to analyse how new HCT trucks have affected the Finnish road freight
transportation sector by focusing on average loads, transportation volumes, cost efficiency and
emissions.
Design/methodology/approach:
The study presents a quantitative analysis where data from national road freight transport statistics
from 2013 to 2015 are combined to the fuel consumption data from LIPASTO and NTM databases
by using KAHMA - truck fleet management model (Liimatainen & Nykänen 2014; Statistics
Finland 2016). This enables an analysis of the impacts of HCT trucks during the three-year period.
Findings:
In Finland transport operators have well adapted to the new regulations and new HCT trucks have
been widely registered. There has been a significant upward trend in average payload weight and
a transition from 7- to 8- and 9-axle vehicle combinations. In total 88 million km have been avoided
from October 2013 until the end of 2015. The amount of saved mileage equals around 3% of total
truck mileage in Finland. As a result the cost savings were around 58 million € in 2015 and 0.07
Mt of CO2 emissions were avoided. While the savings are significant they are less than half of the
maximum savings estimated prior to the change (see Nykänen & Liimatainen 2014).
Relevance/contribution:
HCT trucks have been seen in literature as one of the most effective solutions to improve the road
freight efficiency. This study presents data analysis which provides actual data on the impacts of
the HCT trucks on Finnish roads. The results provide unique input to the ongoing policy debate on
high capacity transport.
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Introduction
Finnish government allowed high capacity transport (HCT) trucks to operate freely on Finnish
roads in October 2013. This decision differs from general European legislation (FinLex
4.12.1992/1257). The new regulation increased the maximum weight limit of trucks to 76 tonnes
and the maximum height limit to 4.4 meters from the previous weight and height limits of the
European modular system (60 tonnes and 4.2 meters), which were already in use in Finland. The
new decree affected both new and vehicles which were already in action. Thus, the new decree
does not force hauliers to invest in new vehicles if they want to take advantage of bigger payload.
However, the utilization of the new decree in old vehicles requires an alteration inspection for the
vehicle. The permanent changes in the weight limits of Finnish trucks are presented below:
• 4-axle truck without trailer 32 t à 35 t (payload 18 t à 21 t, +17%)
• 5-axle truck without trailer 38 t à 42 t (payload 21 t à 25 t, +19%)
• 8-axle vehicle combination 60 t à 68 t (payload 37 t à 45 t, +22%)
• 9-axle vehicle combination 60 t à 76 t (payload 35 t à 51 t, +46%)
In addition, the decree includes temporary weight increases which are in force until the end of April
2018. The temporary increases are presented below:
• 2-axle truck without trailer 18 t à 20 t (payload 11 t à 13 t, + 18%)
• 3-axle truck without trailer 26 t à 28 t (payload 16 t à 18 t, + 13%)
• 7-axle vehicle combination 60 t à 64 t (payload 40 t à 44 t, + 10%)
Furthermore, Finland has allowed operators to test even larger (up to 104 tonnes and 34,5 meters
long) HCT vehicle combinations with exemption permissions on certain roads.
The purpose of this paper is to analyse how new HCT trucks have affected the Finnish road freight
transportation sector by focusing on energy efficiency, emissions and transportation volumes. The
paper also includes a comparison where predicted impacts (see Liimatainen & Nykänen 2014a) are
compared with the realised impacts.
Literature review
The usage of longer and heavier vehicles (LHVs) has generated a large amount of research in
Europe in recent years and the debate around the potential benefits and negative impacts is active.
In Europe most of the studies focus on the transition from conventional vehicle combinations to
the European modular system (EMS). Most studies agree with the statement by Lumsden: “the
larger the truck, the more efficient use of resources” which means that larger vehicles and vehicle
combinations will increase transport efficiency (see ACEA 2016; Breemersch & Akkermans 2014;
Christidis & Leduc 2009; Glaeser & Ritzinger 2012; Leduc 2009; Rijkswaterstaat 2011; Sanchez
Rodrigues et al. 2015).
According to Sanchez Rodrigues et al. (2015) the impacts of LHVs is usually estimated based on
statistics because of the lack of empirical data, but in their case study six German companies were

testing EMS vehicle combinations and all case companies reported cost reductions from LHV
trials. During the trials, case study companies were able to reduce about 30% in fuel consumption,
but also negative results such as an increase in the costs of tyres (32%) and vehicle maintenance
(21%) were reported. According to Rijkswaterstaat (2011) LHV trials in Holland have reduced the
number of journeys and driven mileage which has been estimated to reduce about 20 million
kilometres annually and thus produce 0.016 Mt reduction in CO2 emissions per year. Breemersch
and Akkermans (2014) estimated that the EMS could offer 2% reduction in CO 2 emissions in long
haul transport in EU by 2020.
In the debate about LHVs, the optimum size of vehicles also has got much attention. Some studies
agree that LHVs will offer benefits, but the largest vehicle combination classes are perceived risky
and those may cause more negative than positive impacts (Christidis & Leduc 2009; Knight et al.
2008). According to Lumsden, for the majority of the long haul transport the dimensions of the
vehicle are more important than the maximum weight of trucks. It is also possible to increase the
potential payload by reducing the own weight of the truck by using lightweight materials (see Galos
et al. 2015).
In Sweden, the usage of EMS has long traditions and Kyster-Hansen & Sjögren (2013) represent a
clear and accurate roadmap on how to permit even larger vehicle combinations on Swedish roads.
Haraldsson et al. (2012) have estimated that replacing 60 tonnes vehicle combinations by 90 tonnes
combinations in Swedish round wood transport would reduce vehicle kilometres by 21%. Also
Vierth & Haraldsson (2012) and Örebro Regional Development Council (2014) perceived the shift
from 60 tonnes to 90 tonnes positive with some notices. According to Örebro Regional
Development Council (2014) shift from 60 tonnes to 90 tonnes could reduce about one third of the
vehicle kilometres.
Most of the negative impacts of LHVs is argued to concern safety matters and the impacts on road
infrastructure (see e.g. ETSC 2011; Leduc 2009). However, according to Castillo-Manzano et al.
(2016), Glaeser & Ritzinger (2012) and Sandin et al. (2014) there is no clear evidence that LHVs
would decrease road safety. On the contrary, LHVs might even improve it. LHVs impact on the
road infrastructure depends on the number of axles, axle weights and tyres which are used in trucks,
which impacts to roads are studied by for example Kalliainen et al. (2015) and Kolisoja et al.
(2015).
Methodology
We use quantitative data to conduct the calculations for the actual impacts of the new weight limits.
As a main data source, we use data from national road freight transport statistics from years 20132015 (Statistics Finland 2016). The national road freight transport statistics does not include data
about fuel consumption, thus fuel consumption data from LIPASTO (2012) and NTM (2008) is
combined to the freight transport statistics following the methodology outlined by Liimatainen &
Pöllänen (2010).

The data includes approximately 10 000 trips each year. For each trip the following key data is
used:
• number of axles in truck (and trailer if used)
• maximum total weight
• own weight
• trip length
• payload weight
• type of payload (45 categories)
Based on this data, the following information is calculated and can be analysed by truck with
various number of axles:
• total number of trips
• total mileage
• total tonnes
• total tonnekilometres
• total fuel consumption and CO2 emissions
In order to analyse the benefits of the new weight limits the following process is followed:
• each trip is checked to see if the maximum total weight is greater than the former maximum
total weight for a truck with certain number of axles. E.g. greater than 60 t for 8-axle
vehicle combination.
• if yes, the old maximum payload weight is calculated as the remainder of old maximum
total weight and own weight
• the extra payload weight allowed by new weight limits is then calculated as the remainder
of payload weight and old maximum payload weight
• the extra tonnekilometres are then calculated by multiplying the extra payload weight with
the trip length
• the extra tonnekilometres of each trip are then expanded to correspond the national total
using the sample multipliers
• total extra tonnekilometres are then divided by the old maximum payload weight of a truck
with certain number of axles. E.g. 37 t for 8-axle vehicle combination. This results in total
mileage saved using the new higher weight limits.
• total mileage saved is then multiplied with cost factors, average fuel consumption and CO 2
emissions to get the results.
Results
Uptake and utilisation of higher maximum payload
The higher weight limits were introduced in the beginning of October 2013, i.e. in the fourth quarter
of that year. In order to utilize the higher weight limit an alteration inspection had to be done to the
truck. Due to this the uptake of higher weight limits happened gradually as can be seen from Fig.

1. Figure 1 only shows the uptake of vehicles with maximum total weight of 60 tonnes although
the maximum weight limits were changed for trucks with 2-5 axles also. However, the uptake of
higher weight limits with these truck has been low, as will be shown later in the paper.
The vehicles with over 60 t total weight have rapidly gained a significant share of total haulage as
alteration inspections have been carried out. But has the extra capacity actually been used? Figure
1 shows that the extra capacity seems to have been actually used to a large extent. On average 81%
(ranging from 75% to 88% between quarters) of haulage with over 60 t vehicles have used the extra
capacity provided by the new regulation, i.e. has been carried out with a higher payload than was
previously possible.

Figure 1. Utilisation of higher maximum payload.
Furthermore, if the extra capacity is used, it is typically utilized to the full. The maximum extra
payload weights are 4, 8 and 16 tonnes for vehicles with 7, 8 and 9 axles, respectively. The 7- and
8-axle vehicles have average extra payloads close to the maximum, 3-4 tonnes and 6-8 tonnes
respectively, whereas with the 9-axle vehicles the extra capacity is not as well utilized as extra
payload average 8-16 tonnes between quarters. This may be because the volumetric capacity is the
same between the vehicles and it requires very dense load to fill the maximum weight of a 9-axle
vehicle. On average the extra payload made possible by the new regulation have been 6 tonnes
(ranging from 4.4 to 7.8 between quarters).
Effect on average payload and mileage
We have seen that the over 60 t vehicles have been taken into use and utilized to a large extent.
Has this affected the overall average payload on various cargo types and overall? Figure 2 shows
that the average load on laden trips has had an increasing trend in every sector and the annual total
average payload has increased from 13.3 t in 2013 to 15.3 in 2014 and 16.3 t in 2015. This suggests
that the increased weight limits have had significant impact on average loads. However, this figure

should be interpreted with caution as the fluctuation between quarters is great depending on the
shares of various sectors in the sample.

Figure 2. Average payload weight on laden trips by sector.
Based on the data, the utilization of extra capacity has significantly decreased vehicle mileage. If
the haulage (tkm) that has been transported with over 60 t total vehicle weight would have
transported with the old weight limits, in total 88 million km would have been required from
October 2013 until the end of 2015. Figure 3 shows how the amount of saved mileage increased
until the third quarter of 2014 and seems to have since saturated at around 12 million km per
quarter. The amount of saved mileage equals around 3% of total truck mileage in Finland.

Figure 3. Mileage saved because of higher weight limits.

Economic effects
Finnish Government estimated to achieve approximately 1.6 – 3.2 billion € savings in logistics
costs over a period of 20 years as a result of the higher weight limits (Ministry of Transport and
Communications 2013). Our previous study estimated maximum savings of approximately 3.4
billion € over 20-year period, i.e. 112 M€ annually for the first 4 years and 183 M€ annually after
the temporary limits become ineffective in 2018 (Nykänen & Liimatainen 2014a). This estimate
was the absolute maximum benefit if all haulage carried out with 90% weight utilization rate would
have been carried out using the new maximum weight limits fully. Using the same calculation
principles, we can now calculate the actual cost savings.
The results in Table 1 show that the cost savings from the reduced mileage due to increased weight
limits are 57.7 million € in 2015. The actual savings are thus around one half of the 112 M€
maximum savings we estimated. The difference is mostly due to the virtually non-existent
utilization of extra capacity in 2- to 5-axle trucks. In our estimation the savings from these trucks
was about 37 M€. Also the cost savings from 7-axle vehicles is far less than we estimated (8.6 M€
compared to 42 M€), but there has been a significant increase in the use of 8- and 9-axle vehicles
and the cost savings from especially 9-axle vehicles are far greater than our estimate.
The cumulative actual total cost savings from October 2013 to the end of 2015 are 109 M€. If the
saturation of implementation of over 60 t vehicles has actually happened, as Figure 4 suggests, and
we estimate 60 M€ annual savings for the following 18 years, the savings over the 20-year period
would be approximately 1.2 billion €. This is far less than the lowest estimate of 1.6 billion € by
the Finnish Ministry of Transport and Communications (2013).
Table 1. Cost savings of higher weight limits in 2015.
2-axle
Decrease in total mileage
(million km)
Operational costs (€/km)
Operational cost savings
(M€)
Decrease in operating
hours (million h)
Salary and capital costs
(€/hour)
Salary and capital cost
savings (M€)
Total cost savings (M€)

3-axle 4-axle

5-axle 7-axle 8-axle

9-axle

Total
46.5

-

0.01

0.004

-

6.9

23.0

16.5

0.34

0.34

0.34

0.34

0.43

0.43

0.43

-

0.0

0.0

-

3.0

9.9

7.1

20.0

-

0.2

0.6

0.4

1.2

-

0.0002 0.0001

28.59

28.59

28.59

28.59

32.47

32.47

32.47

-

0.01

0.003

-

5.6

18.7

13.4

37.7

-

0.01

0.004

-

8.6

28.6

20.5

57.7

One third of the savings come from operational costs, such as fuel, tires and other maintenance
costs. Two thirds of the savings come from drivers’ salaries and capital costs of the vehicles. The

assumptions concerning salaries and capital costs are very uncertain. The decrease in operating
hours are calculated based on the decrease in total mileage using an assumption of an average speed
of 40 km/h, so it includes the loading times as well as the driving time. This assumption is made
based on the findings of a Finnish study saying that the average driving time is about 50% of the
total operational time in transport operations (Salanne et al. 2005). Salary and capital cost estimates
per hour are based on Tervonen et al. (2010). Furthermore, we assume the operational costs (€/km)
to be the same for vehicle combinations with 7, 8 and 9 axles, which is unlikely to be true, because
the higher weight of 8- and 9-axle vehicles increases the fuel consumption and there are more tires.
Environmental effects
Based on the saved kilometers we can also calculate the environmental effects which have been
avoided because of the increased weight limits. Table 2 presents the results of these calculations.
The NOx emissions have been decreased by 419 tonnes and the PM emissions by 4.2 t. Diesel fuel
savings are 24 million litres and, given the CO2 content of 2.66 kg/l, the CO2 emissions are 0.07
Mt smaller than they would be without the increased weight limits. The saved CO 2 emissions equal
3.7% of total truck CO2 emissions in 2015. Cumulatively the CO2 emissions are 0.12 Mt smaller
from October 2013 to the end of 2015 than they would be without the weight limit increase. The
environmental benefits are fairly close to the ones we estimated previously (464 t of NO x, 7 t of
PM and 0.08 Mt of CO2).
Table 2. Environmental effects avoided by weight limit increases in 2015.
Decrease in total
mileage (million km)
NOx emissions (g/km)
Reduction of NOx (t)
PM emissions (g/km)
Reduction of PM (t)
Fuel consumption
(l/100km)
Reduction of fuel
consumption (million l)
Reduction of CO2 (Mt)

2-axle

3-axle

4-axle

5-axle

7-axle

8-axle

9-axle

Total

-

0.01

0.004

-

6.9

23.0

16.5

46.5

5.4
0.06
-

6.0
0.1
0.07
0.0007

6.5
0.0
0.07
0.0003

6.7
0.07
-

9.0
62.2
0.09
0.6

9.0
207.4
0.09
2.1

9.0
148.9
0.09
1.5

26.9

33.0

37.0

38.9

52.3

52.3

52.3

-

0.003

0.001

-

3.6

12.1

8.7

24.3

-

0.010

0.032

0.023

0.065

0.000009 0.000004

418.5
4.2

Discussion and conclusions
High capacity transport trucks are, and have been for quite some time, a subject of intense policy
debate in Europe. The protagonists highlight the potential mileage and fuel savings of tens of
percent while the antagonists are concerned about safety and road infrastructure. The debate
focuses on the use of European modular system, but Finland and Sweden have used the EMS for
two decades now and the debate in these countries has shifted to the use of vehicles longer than 25

meters and heavier than 60 tonnes. In October 2013 Finland increased the maximum weight of 7-,
8- and 9-axle vehicle combinations to 64, 68 and 76 tonnes, respectively. This study analysed the
results of that increase.
The results show that the Finish hauliers adopted higher maximum payloads mostly over a period
of one year from fourth quarter of 2013 to third quarter of 2014. Since the the fourth quarter of
2014 the mileage saved by the higher payloads seems to have saturated to around 12 million km
per quarter which is about 3 % of the total truck mileage in Finland. In 2015 the cost savings of
HCT trucks were about 58 million € and CO2 savings about 0.07 Mt or 3.7% of total truck CO2
emissions in Finland. These savings are significant, but if the savings will not increase in the
future, they will remain significantly lower than was estimated prior to the change. The Finnish
Transport Agency estimated that the change would require 850 million € investments in road
network over next 20 years because of bridge alterations and increased pavement repairs
(Puurunen 2013). Based on our analysis the benefits of the change could total 1.2 billion € over
20 years, making the change beneficial for the Finnish economy. Because of the prior use of
EMS vehicles in Finland, the effects of HCT on safety are likely to be minor. Hence, increasing
the maximum weight of trucks seems to have positive results, although not as positive as it was
hoped to have.
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