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Abstract: The potential effects of implementing longer and heavier vehicles (LHVs) in road
freight transport have been studied in various countries, nationally and internationally, in Europe.
These studies have focused on the implementation of LHVs on certain types of commodities and the
experience from countries like Finland and Sweden, which have a long tradition of using LHVs, and
in which LHVs used for all types of commodities have not been widely utilised. This study aimed to
assess the impacts of long and heavy vehicles on various commodities in the United Kingdom based
on the Finnish experiences in order to estimate the possible savings in road freight transport vehicle
kilometres, costs, and CO, emissions in the United Kingdom if LHVs would be introduced and used
similarly to in Finland in the transport of various commodities. The study shows that the savings
of introducing longer and heavier vehicles in the United Kingdom would be 1.5-2.6 billion vehicle
kms, £0.7-1.5 billion in transport costs, and 0.35-0.72 Mt in CO, emissions. These findings are well in
line with previous findings in other countries. The results confirm that considerable savings in traffic
volume and emissions can be achieved and the savings are very likely to outweigh possible effects of
modal shift from rail to road.

Keywords: longer heavier vehicles; road freight transport; CO, emissions; transport costs

1. Introduction

Road freight transport contributes significantly to global greenhouse gas emissions and its
importance is likely to increase in the future as passenger vehicles may be electrified more easily
and the energy sector increasingly utilises renewable energy sources in order to mitigate climate
change. Hence, greenhouse gas emissions, particularly carbon dioxide (CO,) emissions, from road
freight should also be reduced. Various possible measures to achieve emission reductions in road
freight have been identified and analysed both nationally (e.g., [1]) and internationally (e.g., [2]).
Measures can be broadly catergorised using the ASIF framework to avoiding journeys (A), modal shift
(S), lowering transport energy intensity (I), and reducing carbon intensity of fuels (F) [2]. One of the
most effective ways to avoid journeys and reduce energy intensity per unit of payload transported
of road freight, resulting in reduced CO; emissions, is to increase the size of road freight vehicles.
Provided their payload capacity is fully utilized, larger vehicles are always significantly more fuel
efficient per tonne of payload than the smaller vehicles they replace [3].

1.1. Long and Heavy Vehicles (LHV's)

Lorries are used in various tractor-trailer combinations around the world from over 30-m long
Australian B-triple vehicles with 90t gross vehicle weight (GVW) to European semitrailer combinations
with 16.5 m length and 40t GVW (Figure 1). Also, the height of the vehicles varies from 4 m to 4.8 m of
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British double-deck semitrailers. Semitrailer vehicles are commonly, as well as in this study, referred to
as heavy goods vehicles (HGVs), while the 25.25 m long vehicle combinations are commonly referred
to as long and heavy vehicles (LHVs). LHVs may have various maximum gross vehicle weights and
trailer combinations following the European modular system (EMS). In this study, LHVs mean the
Scandinavian rigid truck—trailer combination with 60t GVW and HGVs mean the British semitrailer
with 44t GVW and generally 16.5-m length, although there are currently also 18.75 m semitrailers
on British roads due to the on-going ‘longer semitrailer trial” (https://www.gov.uk/government/
collections /longer-semi-trailer-trial).

Gross Pavload Overall
Name Silhouette combined ) length
mass (t) (m)
Australian B-triple | | I | I I | l 90.5 653 33.30
Scandinavian rigid
LHV H truck-trailer 60.0 428 25.25

Scandinavian B-double | | I “ ) 60.0 403 25.10
EmoPe?n semi-trailer 60.0 415 2525
and rigid

Dutch triple rigid | | | ] l I! ) 50.0 338 2420

British semi-trailer
4.30m height

440 293 16.50

HGV

German "Long truck’
trial vehicle

European “swap-body’ 40.0 263 18.75

European semi-trailer | I ) 40.0 263 16.50
EU semi-trailer I ! l } 5
(future?) R 38.0 248 16.50

Figure 1. Some major vehicle combinations (background table from the literature [4], highlights and
heavy goods vehicles (HGV) and longer and heavier vehicles (LHV) texts added).

High-capacity, multiply-articulated long and heavy vehicles (LHVs) are routinely used in
Scandinavian countries, the Netherlands, Germany, as well as Australia, Canada, South Africa, and
the USA because of their superior productivity and low CO, emissions per tonne-km. Such vehicles
typically have 20-30% lower fuel consumption and CO, emissions per unit of freight transport than
their conventional tractor—semitrailer counterparts [4].

Finland has vast experience of the use of LHVs. Vehicles of 25.25 m in length with a maximum
gross vehicle weight (GVW) of 60 tonnes have been in use since 1993 and currently, 78% of
tonne-kilometres are carried using LHVs [5]. These vehicles have typically been a combination
of a three-axle rigid truck and a four-axle full trailer, but other combinations within the European
modular system (EMS) have also been used. In October 2013, the maximum GVW was increased to
76 tonnes for nine-axle vehicles and 68 tonnes with eight-axle vehicles. This has caused a significant
shift from seven-axle vehicles to eight- and nine-axle vehicles, and led to around 3.5% savings in truck
vehicles kms and €100 million savings in transport costs in 2016 [6]. Given the long history of LHVs in
Finland, it can provide valuable information on the actual utilization of LHVs in the freight transport
sector, if those would also be allowed in the United Kingdom.
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1.2. Possible Impacts of LHV's Based on Literature

Long and heavy vehicles have been a subject of strenuous political debate in Europe during the
21st century. Particularly during 2008 to 2010, several policy reports were published addressing the
issue on both a national and European level [7-9]. “A Review of Megatrucks” [3] highlighted the
key findings from eight of these studies and stated that “there is widespread agreement that LHVs
would reduce operating costs of road freight and greenhouse gas emissions per tonne-km of goods
transported”. Most research also agrees that vehicle mileage, transport costs, and emissions of road
freight transport will be reduced on company level and also on national aggregate level if LHVs are
introduced, or that these would increase if the LHVs currently in operation in countries such as Finland,
Sweden, Canada, and Australia would be replaced with standard heavy goods vehicles [3,10-13].

Some desk study reports argue that LHVs would result in major modal shift from rail to road,
which would outweigh the efficiency gains within road freight transport and lead to an increase in
CO; emissions [8,9]. Opposing evidence to these desk studies exist and Steer et al. [3] conclude that
“empirical evidence is difficult to find with regards to many of the primary concerns regarding LHVs

. where empirical evidence is available, it tends to show ... lower modal shift”. McKinnon [14]
presented evidence supporting that of Steer et al. [3] from the United Kingdom when the maximum
weight of HGVs was raised to 44 tonnes. It was estimated that increasing maximum weight of HGVs
to 44 tonnes would reduce rail freight tonne-kms by 10%. However, the market share of rail freight
remained fairly stable at 11% [14].

More recent research from Spain did not consider modal shift because “the market share of
domestic freight rail transportation in Spain is so low that any transfer would be negligible” [15]. In
a German survey, “77% of the respondents did not foresee a shift of the existing freight traffic from
rail to road”, while 55% expected that the road freight transport market would see higher growth
than expected if LHVs would be adopted [11]. A study in Belgium concluded that “the impact of
LHVs on the geographic market area of intermodal terminals can be substantial if road transport
prices would decrease by up to 15 or 25%”, but “it would be necessary to study the goods flows that
actually qualify for a reverse modal shift to LHVs, not only based on price, but also on other logistics
requirements” [10]. Overall, the evidence on modal shift remains inconclusive. Hence, a sensitivity
analysis taking into account possible modal shift is included in this study.

In addition to possible modal shift, worries about LHVs’ effect on infrastructure and safety have
been raised. Steer et al. [3] conclude that LHVs may induce additional capital and maintenance costs
for infrastructure, but these can only be assessed nationally. Ortega et al. [15] estimated the required
investments in Spain from 150 to 1000 million euros, depending on the extent of road network on
which LHVs would be allowed. Ericson et al. [16] estimated that road wear costs would decrease by
€14-20 million if Sweden would give up LHVs and use the HGVs instead. Generally, the road wear of
pavement decreases when moving from HGVs to LHVs [4], but there might be negative effects on the
substructure of the road [17] and increased investment needed in road bridges [18].

Regarding the safety effects of LHVs, Glaeser and Ritzinger [4] show that LHVs have worse
performance in terms of ratio of amplification of lateral acceleration of the tractor unit compared with
trailer and total swept width is larger, which indicate that LHVs are more difficult to manoeuvre and
thus may have greater risk per vehicle. However, Steer et al. [3] conclude that there is no evidence
of increased safety risk and reduction in vehicle-kms may even outweigh increased risk per vehicle.
Leach et al. [13] also see no significant impact in the United Kingdom and Ortega et al. [15] say that
sensitivity costs of accidents are negligible in Spain if LHVs are introduced. During the ongoing trials
with longer semitrailers (trailer length 15.65 m instead of 13.6 m) in the United Kingdom, the trial
vehicles have been involved in 70% fewer personal injury collisions than average articulated HGV [19],
but this could be because better than average drivers have likely been selected to the trial and trial
vehicles may not have been used similarly to average HGVs.

The effects of LHVs have been studied on company level [11,12]; on sectoral level, typically
focusing on intermodal transport sector [10,13,20]; and on national level [14,15], reports reviewed by
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the authors of [3], while international studies have been limited to technical comparison of various
types of LHVs [4] and an overall study across Europe [7]. Ortega et al. [15] highlight that there is
a lack of sensitivity analysis, which would identify the influence of the kind and amount of freight
that would use LHVs and the percentage of empty running. Meers et al. [10] also conclude that
accounting for product characteristics and the corresponding transport quality requirements would
enable estimations in greater detail.

In order to fill these research gaps, the purpose of this study is to assess the impacts of long
and heavy vehicles on various commodities in the United Kindom based on the Finnish experiences.
The two countries are quite different in terms of the importance of various sectors on economy and
freight transport needs, hence it is necessary to evaluate the use of LHVs on the greatest level of
detail available, that is, on commodity level. Each commodity can be seen to have similar logistics
practices and types of goods carried are similar between countries. This enables conclusions on the
suitability and uptake rate of LHVs to be drawn in the United Kingdom based on Finnish experiences.
Specifically, the research question to be answered in this study is the following: What are the possible
savings in road freight transport vehicle kilometres, costs, and CO, emissions in the United Kingdom, if LHV's
were introduced and used similarly to Finland in the transport of various commodities?

2. Materials and Methods

In order to answer the research question, continuous road freight transport surveys in the United
Kingdom and Finland were used. Finland was chosen as the country of reference because it is one of
the few countries that use LHVs, in particular 60 t and 25.25 m LHVs, and it has similar data available
as in the United Kingdom. Another alternative could have been Sweden, but the researchers did not
have access to the Swedish dataset. In the United Kingdom, the Continuing Survey of Road Goods
Transport, Great Britain (CSRGT GB) is a survey that reports the operations of approximately 7000
trucks. In Finland, the Goods Transport by Road Survey (GTRS) includes approximately 2500 trucks
annually. Both surveys are conducted in a similar way following the European guidelines [21].

In order to estimate the maximum benefits of using 60 t and 25.25 m vehicles in the United
Kingdom, data on the tonne-kms by commodity and type and weight of vehicle were gathered from
UK Department for Transport (DfT) [22]. Vehicle kms by commodity and type and weight of vehicle
are not publicly available, so a request for such data from 2016 was made and fulfilled by the DfT.
An assumption was made that the 60 t and 25.25 m vehicles would only affect the haulage currently
carried out with over 33 t articulated vehicles. Average load on laden trips of over 33 t artics for each
commodity in the United Kingdom was then calculated by dividing the tonne-kms by vehicle kms.

For Finland, the data used in this study consisted of the raw data from the GTRS from 2012. Data
from 2016 was available, but because Finland allowed GVW 76 t vehicles in October 2013, it was
decided that the the 2012 data would be used as reference with the U.K. data to estimate the potential
of 60 t and 25.25 m LHVs. If 2016 data would have been used, the average loads by commodity would
have been unrealistically high for some commodities, because allowing 76 t vehicles has resulted in
significant increase in average loads [6]. The raw data included each trip and vehicle reported in the
survey, so data could be analysed flexibly. The Finnish raw data was processed to produce tonne-kms
and vehicle kms with the same commodity and vehicles type and weight classifications as the U.K.
data. Hence, the average load on laden trips of over 33 t artics for each commodity in Finland in
2012 was calculated by dividing the tonne-kms by vehicle kms. Maximum potential of LHVs in the
United Kingdom was then calculated by dividing the U.K. tonne-kms by the Finnish average load by
commodity. This resulted in alternative vehicle kms and the potential vehicle kms saved by LHVs
were then calculated by subtracting the new vehicle kms from original U.K. vehicle kms.

LHVs effect on empty running could not be similarly calculated, because there obviously is not
a change in average load on empty runs. Hence, the share of empty running of total mileage with
over 33 t artics in the United Kingdom (24%) was assumed to remain the same if LHVs would be
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implemented and new empty mileage was calculated based on the relative change in the laden mileage
of all commodities.

The effects on transport costs were then calculated using the average per kilometre vehicle
operating costs by Road Haulage Association (RHA) [23] as a baseline for current 44 t and 16.5 m
HGVs and increasing those using the cost differences estimated by Vierth et al [24] for various types of
commodities. Vierth et al. [24] present the total transport costs in SEK/10km and the shares of three
cost components (fuel, personnel, and other) for five types of transport (part load, forest, long-haul
distribution, tanker and bulk, and construction). The differences in total cost and cost components
are due to differences in the distance travelled relative to working time (km/h), annual mileage per
vehicle, and annual working hours per vehicle. The transport costs used in this study (Table 1) are
calculated using the RHA [23] figures for 44 t tractor—semitrailer as a baseline for the long-haul type
of transport.

Table 1. Transport costs and fuel consumption. RHA—Road Haulage Association; HGVs—heavy
goods vehicles; LHVs—Ilong and heavy vehicles.

Tanker .
Type of Transport Part Load Long-Haul and Bulk Construction Forestry
Driver costs (£/year) 32,400
RHA [23] -
Fixed costs (£/year) 48,020
Distance travelled
Vierth et al. relative to working 51.1 44.6 33.3 30 45.6
[24] time (km/h)
Annual working time 2700 4032 3600 2352 3850
(h/year)
Driver cost (£/km) 0.23 0.18 0.27 0.46 0.18
Fixed costs (£/km) 0.35 0.27 0.40 0.68 0.27
Other vehicle costs
HGVs (€/km) 0.12 0.12 0.12 0.12 0.12
(165m, 44 gl cost (£/km) 0.40 0.40 0.46 0.49 0.53
Total (£/km) 1.10 0.97 1.25 1.75 1.11

Fuel consumption 26.6-43.0 (empty-full load, [25])

(1/100 km)
Driver cost (£/km) 0.23 0.18 0.27 0.46 0.18
Fixed costs (£/km) 0.44 0.35 0.46 0.71 0.36
LHVs Other vehicle costs 0.12 0.12 0.12 0.12 0.12
(2525 m (E/kem)
60 t) Fuel cost (£/km) 0.51 0.49 0.51 0.56 0.58
Total (£/km) 1.30 1.14 1.37 1.85 1.25
Fuel consumption
(1/100 km) 33.7-51.1 (empty-full load, [25])

The effect on fuel consumption and CO; emissions are calculated based on the fuel consumption
for empty and full load HGVs and LHVs presented in Table 1 based on the unit emissions database
by VTIT Technological Research Centre of Finland [25]. VTT’s data actually contains HGV fuel
consumption for 40 t GVW, but the full load consumption for 44 t semitrailer was extrapolated
assuming linear increase in consumption between 40t and 44t. The VIT’s database was chosen because
it has long tradition in providing fuel consumption data for both HGVs and LHVs based on both their
own measurements and long term collaboration with other laboratories under the European Research
on Mobile Emission Sources (ERMES) group and the emissions reported in the Handbook Emission
Factors for Road Transport (HBEFA). There are other sources for fuel consumption data available, but
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most do not include fuel consumption data for LHVs. Average fuel consumption for each commodity is
calculated using the average load for each commodity and assuming a linear relationship between the
empty and full load consumption. As can be seen in Table 1, the LHVs have higher fuel consumption
empty because of higher vehicle own weight (20 t vs. 15 t) and higher fuel consumption fully laden,
because of higher gross vehicle weight (60 t vs. 44 t) [25].

3. Results

3.1. Freight Transport Profile in the United Kingdom and Finland

United Kingdom and Finland are very different countries in terms of population, the United
Kingdom having 65.6 million people and Finland 5.5 million. The area is 242,000 km? for the United
Kingdom and 338,000 km? for Finland, resulting in highly different population density; 271 versus 16
inhabitants/km?. Also, in terms of economic structure, the countries differ, as agriculture, forestry,
fishing, and industry represent 24% of Finnish gross value added (GVA), but only 14% in the United
Kingdom, whereas in the United Kingdom the wholesale and retail, financial and scientific sectors
constitute a larger share of total GVA than in Finland (Table 2).

Table 2. Sectoral gross value added and domestic freight transport in the United Kingdom and Finland
in 2015 [25-27].

Gross Value Added in 2015 Finland United Kingdom
Million € % Million € %
Total 180,785 100% 2,299,669 100%
Agriculture, forestry, and fishing 4591 3% 14,981 1%
Industry (except construction) 37,341 21% 304,788 13%
Construction 11,552 6% 141,519 6%
Wholesale and retail trade, transport, 28,770 16% 425,467 19%
accommodation and food service activities
Information and communication 10,303 6% 149,234 6%
Financial and insurance activities 5204 3% 166,698 7%
Real estate activities 22,814 13% 297,951 13%
Professional, scientific, and technical activities; 15,124 8% 282,934 12%
administrative and support service activities
Public administration, defence, education, 39,449 22% 425,328 18%

human health and social work activities

Arts, entertainment and recreation; other service 5637 3% 90,769 4%
activities; activities of household and
extra-territorial organizations and bodies

Domestic freight transport in 2015 Finland United Kingdom

Road Rail  Road Rail
Freight transport by mode (million tonne-km) 24,488 8468 158,924 21,990
Total freight transport (million tonne-km) 32,956 180,914
Transport intensity (tkm/€) 0.18 0.08
CO; emissions (Mt) 2.9 0.06 19.6 0.57

CO, intensity (t/tkm) 0.118 0.007 0.121 0.026
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The differences in economical, geographical, and demographical structures also affect the freight
transport sector. The freight transport intensity, that is, the ratio of freight haulage in tkm to GVA in €,
in Finland is more than twice that of United Kingdom, with 0.18 tkm/€ and 0.08 tkm/€, respectively.

The high transport intensity in Finland is largely because of the large forest industry sector in
Finland. This can be seen from the breakdown of road freight transport by commodity (Figure 2).
Forestry and logging is the largest commodity in Finland and constitutes about one-fifth of road
tonne-kms in Finland. While the division to 20 NST2007 commodities gives valuable information, it is
also necessary to further disaggregate the agricultural products into products of forestry and logging
and the other food related agricultural products. Otherwise, the average load of this commodity would
be very high in Finland and would overestimate in the United Kingdom the potential of LHVs in this
commodity. In the United Kingdom, food products account for a quarter of tonne-kms. Mining and
quarrying, which is mainly construction related soil, gravel, and sand transport are a large commodity
in both countries, as are grouped goods, which are usually various types of palletized goods.

In terms of the types of vehicles used in road haulage, both countries have vast majority of
tonne-kms produced with the heaviest vehicles, that is, 72% of tonne-kms with articulated vehicles
over 33 t in the United Kingdom and 82% of tonne-kms with artics over 44 t in Finland. The share
of heaviest vehicles is especially large for commodities such as coal, wood products, and chemical
products. Rigid vehicles have a significant share in some commodities, such as mining and quarrying,
textiles, transport equipment, furniture and household, and office removals.

Great Britain Finland
19 Unidentifiable goods I 19 Unidentifiable goods
18 Grouped goods I I I 18 Grouped goods
17 Household and office removals Il Il 17 Household and office...
16 Empty containers, packaging I W 16 Empty containers,...
15 Mail  j— M 15 Mail
14 Waste I m— " Rigid 3.5-7.5t 14 Waste
13 Furniture W W Rigid 7.5-17t | 13 Furniture
12 Transport equipment TN ™ Rigid 17-25t B 12 Transport equipment
11 Machinery and equipment Il Rigid over 25t W 11 Machinery and equipment
10 Metal products . W Artics 3.5-33t B 10 Metal products
09 Glass, other non-metallic mineral... ' — - Art?cs over 33t | 09 Glass, other non-metallic...
08 Chemical products = Artics over 44t I 08 Chemical products
07 Coke and petroleum products |/ I 07 Coke and petroleum...
06 Wood products /s I 06 Wood products
05 Textiles W I 05 Textiles
04 Food products I I 1 04 Food products
03 Mining and quarrying | I I 03 Mining and quarrying
02 Coal | | 02Coal
Forestry and logging M I Forestry and logging
01 Agricultural products without forestry | —) BN 01 Agricultural products...
0 10000 20000 30000 40000 50000 5000 4000 3000 2000 1000 O

Figure 2. Tonne-kms (in million tkm) by commodity and type and weight of vehicle in Great Britain
and Finland.

It can be seen from Figure 2, that vehicles with GVW of over 44 t (mostly 60 t) carry the vast
majority of tonne-kms in Finland. These vehicles may carry up to 46% more payload (42.8 t vs.
29.3 t, [4]) than the British 44 t semitrailers. However, payload is usually restricted by other limitations
than weight, that is, volume or cargo area. Hence, the maximum payload is actually rarely used for
most commodities [28] and an increase in maximum payload cannot be used as such to estimate the
potential for vehicle km savings from using LHVs. A change from 44 t and 16.5 m semitrailers to 60 t
and 25.25 m vehicles would also increase the payload area and volume by about 46% (140 m? vs. 96 m3
and 52 pallets vs. 36 pallets). Hence, the 46% increase in transport efficiency represents a theoretical
maximum for the potential benefits of fully laden LHVs compared with fully laden HGVs. However,
greater benefits may be possible if the use of LHVs also changes the logistics practices so that the
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utilization rate of vehicles increase. Such changes cannot be estimated and this must be acknowledged
as a limitation of this study. This limitation could be addressed with more disaggregated commodity
group data, but such data are not available for these countries and annual variation would also increase
on a more disaggregate level.

There are six commodities in Table 3, in which the average load on laden trips are currently more
than 46% greater in Finland than in the United Kingdom, namely forestry and logging, coal, wood
products, chemical products, mail and household, and office removals. Although it is possible that the
average load in the United Kingdom could increase to the current Finnish levels after the introduction
of LHVs, this is considered unlikely, because it is more likely that the difference is due to differences in
product mix, which would not change if LHVs would be introduced in the United Kingdom. Hence,
the maximum increase in average payload on laden trips due to usage of LHVs has been limited to
46%. There are also two commodities, textiles and furniture, in which the current average load in
Finland is lower than the current average load in the United Kingdom. These commodities have great
annual variation in the Finnish data, so it is difficult to estimate the likely effect of LHVs in the United
Kingdom. Hence, the average load is assumed to remain the same in the United Kingdom after the
introduction of the LHVs. The resulting average payloads for calculating the benefits of LHVs are
presented in the last column of Table 3.
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Table 3. Current average loads by commodity on laden trips of over 33 t artics in the United Kingdom
and Finland with estimated average loads in the United Kingdom if LHVs would be used.

U.K. Artics U.K. Artics UK. Artics FIN Artics Average Load Estlmate'd
Commodity and Over 33t Over 33 t Over 33 t Over 33 t Increase If U.K. Artics
y Haulage Mileage Finnish Avg. Avg. load

NST2007 Number Avg. Load Avg. Load

(Million (Million ® ® Load Would Using LHVs
tkm) km) Be Achieved (t)

01 Agricultural
products without 8222 411 20.0 20.5 3% 20.5
forestry
Forestry and logging 1985 145 13.7 37.9 177% 20.0
02 Coal 471 19 24.8 39.7 60% 36.2
03 Mining and 6917 268 25.8 35.3 37% 353
quarrying
04 Food products 35,970 2178 16.5 21.0 27% 21.0
05 Textiles 920 85 10.8 8.4 —23% 10.8
06 Wood products 6162 367 16.8 27.9 66% 245
07 Coke and petroleum 4354 176 24.7 29.4 19% 29.4
products
08 Chemical products 5545 360 154 26.3 71% 22.5
09 Glass, other
non-metallic mineral 6092 286 21.3 26.9 26% 26.9
products
10 Metal products 4256 232 18.3 21.4 17% 214
11 Machinery and 2541 209 12.2 16.7 37% 16.7
equipment
12 Transport equipment 1991 143 13.9 19.5 40% 19.5
13 Furniture 1484 142 10.5 7.9 —24% 10.5
14 Waste 8128 429 189 26.1 38% 26.1
15 Mail 4622 373 12.4 18.6 50% 18.1
16 Empty containers, 3212 405 7.9 9.0 14% 9.0
packaging
17 Household and office 1169 9% 122 183 50% 178
removals
18 Grouped goods 13,420 899 14.9 19.1 28% 19.1
19 Unidentifiable goods 4858 270 18.0 20.7 15% 20.7
20 Other goods 198 12 16.5 24.1
Empty 2399
All commodities 122,515 9904 16.3 25.4

3.2. Maximum Potential of LHV's on the U.K. Road Freight Transport

Calculated based on the estimated average load by commodity on laden trips if LHVs would be
used in the United Kingdom, Table 4 presents the maximum decrease of vehicle kms of over 33 t artics
in the United Kingdom. The savings in vehicle kms range from 0% to 32% of the current vehicle kms.
The overall total saving in vehicle kms is 2.1 billion kms, which is 21% of current mileage with over 33 t
artics and 11% of current total lorry mileage. Food products and empty running produce majority of
the savings with 466 million kms and 510 million kms saved in these commodity groups, respectively.
Wood products, chemical products, waste, mail, and grouped goods also provide estimated savings of
more than 100 million kms each.

The commodity with the highest relative savings from current total vehicle kms are forestry
and logging, coal, wood products, chemical products, and other goods. All of these are high density
commodities, which currently have high percentage of vehicle kms driven with over 33 t lorries, and
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thus benefit from the extra weight capacity. However, also some commodities constrained by cargo
area and volume, such as mail, grouped goods, and food products show savings of over 10% of current
total lorry vehicle kilometres.

Table 5 presents the changes in fuel consumption. Total fuel savings are 178 million litres, which
is 5% of the current fuel consumption of over 33 t artics in the United Kingdom. In terms of CO,
emissions, the decrease is 0.5 Mt, which is 2.4% of total truck CO, emissions in the United Kingdom.
Fuel consumption in terms of 1/100 km increases because of increased payload and because LHVs
have higher own weight and higher aerodynamic drag than HGVs. However, the decrease in vehicle
fuel consumption due to decrease in vehicle kms is higher than the increase in fuel consumption per
kilometre for all but two (agricultural products without forestry, empty containers and packaging)
commodities. The negative fuel savings in these two commodities indicate that the average load using
LHVs, which was based on the Finnish average load, does not increase the payload enough to decrease
the mileage to outweigh the increase in fuel consumption per km. This is most likely due to national
differences in the types of goods carried within the commodity group, but also because of annual
variation in average load. In the following analysis, on transport costs, the same commodities show
negative cost savings with two more commodities. Hence, it is necessary to analyse the issue further
by taking into account the increase in cargo space capacity in addition to weight capacity.

Table 6 presents the transport cost savings if the average load for each commodity would
increase with the implementation of LHVs. Total savings amount to £983 million annually, with
food products and waste with saving of more than £150 million each. There are also four commodities,
namely, agricultural products without forestry, metal products, empty containers and packaging, and
unidentifiable goods, for which the cost saving is negative. For these commodities, the average load
on laden trips is only slightly higher in Finland than in the United Kingdom, indicating that these
commodities are constrained by cargo area or volume rather than by weight. For these commodities,
the transport costs would increase because the decrease in vehicle kms is smaller than the increase
in transport costs per kilometre if the cargo space would not be efficiently used. As it was discussed
earlier with textiles and furniture, the increase in payload might be greater in the United Kingdom
because of the additional area and volume capacity of LHVs than the comparison with Finnish average
loads shows. Hence, it is justifiable to analyse the potential savings of these commodities if the average
load in these commodities would increase by 46%, that is, by the theoretical maximum increase.
This analysis gives an upper estimate to the potential savings.
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Table 4. Decrease in vehicle kms in the United Kingdom if LHVs would be used.

Commodity and NST2007 Number  Milesge, All ehices  UACAMIS Over3dt Gl GUTINS i Overast  Decrameasthof s Decroseas o
(Million km) (Million km) Mileage (Million km) o o
?OlreAS%;}i]cultural products without 706 411 401 10 29 19
Forestry and logging 145 145 99 46 32% 32%
02 Coal 24 19 13 6 32% 25%
03 Mining and quarrying 806 268 196 72 27% 9%
04 Food products 3398 2178 1712 466 21% 14%
05 Textiles 427 85 85 0 0 0
06 Wood products 605 367 251 116 32% 19%
07 Coke and petroleum products 351 176 148 28 16% 8%
08 Chemical products 647 360 247 113 32% 18%
g?oiljcstss, other non-metallic mineral 639 286 296 60 21% 9%
10 Metal products 526 232 199 33 14% 6%
11 Machinery and equipment 593 209 153 56 27% 10%
12 Transport equipment 562 143 102 41 29% 7%
13 Furniture 503 142 142 0 0 0
14 Waste 1286 429 312 117 27% 9%
15 Mail 786 373 255 118 32% 15%
16 Empty containers, packaging 658 405 356 49 12% 7%
17 Household and office removals 429 96 66 30 32% 7%
18 Grouped goods 1764 899 704 195 22% 11%
19 Unidentifiable goods 386 270 234 36 13% 9%
20 Other goods 18 12 8 4 32% 21%
Empty 3974 2399 1889 510 21% 13%

All commodities 19,233 9904 7797 2107 21% 11%
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Table 5. Fuel and CO; savings.

Commodiy MNSTEO Coumpion Comsumpion Consumpton e BB fuSion Rl N0 o, Soing
(1/100 km) (million 1) (1/100 km)
?;?S%rriym“ural products without 57 156 26 171 -15 ~10% ~0.04
Forestry and logging 34.3 50 42.4 42 8 15 % 0.02
02 Coal 40.6 8 49.4 6 1 17 % 0.00
03 Mining and quarrying 41.2 110 49.1 96 14 13 % 0.04
04 Food products 35.9 782 4238 733 49 6% 0.13
05 Textiles 327 28 38.4 29 0 0 0
06 Wood products 36.1 132 44.4 112 21 16 % 0.06
07 Coke and petroleum products  40.6 71 46.5 69 2 3% 0.01
08 Chemical products 35.3 127 43.5 107 20 16 % 0.05
?fifelj:fi)‘zgc‘f:;‘;n’metalhc 38.6 110 45.4 103 8 7% 0.02
10 Metal products 36.9 86 43.0 85 0 0% 0.00
11 Machinery and equipment 33.5 70 40.9 62 7 11 % 0.02
12 Transport equipment 34.5 49 42.2 43 6 13 % 0.02
13 Furniture 32.5 46 38.2 48 0 0 0
14 Waste 37.3 160 45.0 140 20 12 % 0.05
15 Mail 33.6 125 41.6 106 19 15 % 0.05
16 Empty containers, packaging  31.1 126 37.6 134 -8 -7 % —0.02
:Zri‘;‘;j:h"ld and office 335 32 414 27 5 15 % 0.01
18 Grouped goods 35.0 315 42,0 295 19 6% 0.05
19 Unidentifiable goods 36.7 99 427 100 -1 1% —0.00
20 Other goods 35.9 4 442 4 1 16 % 0.00
Empty 26.6 638 33.7 637 2 0% 0.00

All commodities 3325 3151 178 5% 0.47
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Table 6. Transport cost savings.

Commodity snd NSTO7 oo Tnsport  Tamsport  Coswith  ConSming o
Costs (£/km)  Costs (M£) Costs (£/km) LHVs (M£) Current
Svlitﬁg::?éiz;frlypr‘)du“ts 0.97 397 114 457 —60 —15%
Forestry and logging 1.11 161 1.25 124 37 23%
02 Coal 1.25 24 1.37 18 6 25%
03 Mining and quarrying 1.75 468 1.85 363 105 22%
04 Food products 0.97 2104 1.14 1950 154 7%
05 Textiles 1.10 94 1.30 94 0 0
06 Wood products 0.97 355 1.14 286 68 19%
gzoi‘i‘::nd petroleum 1.25 220 1.37 203 17 8%
08 Chemical products 1.25 450 137 337 113 25%
?r?hi:fi)‘;zze:;‘:“'metaum 0.97 276 114 258 19 7%
10 Metal products 0.97 224 1.14 226 2 —1%
11 Machinery and equipment 1.10 230 1.30 199 32 14%
12 Transport equipment 1.10 157 1.30 133 24 16%
13 Furniture 1.10 156 1.30 156 0 0
14 Waste 1.75 749 1.85 578 172 23%
15 Mail 0.97 360 1.14 291 69 19%
;Zir;‘;;yg“’mai“ers' 1.10 446 130 164 ~18 —4%
zri‘z;;:md and office 1.10 106 1.30 86 20 19%
18 Grouped goods 0.97 869 1.14 802 67 8%
19 Unidentifiable goods 0.97 261 1.14 267 —6 —2%
20 Other goods 0.97 12 1.14 12 0 0
Empty 0.97 2318 1.14 2152 166 7%
All commodities 10,437 9455 983 9%

It was seen in Table 6 that there are six commodities for which the Finnish average load was
lower or only slightly higher than the current average load in the United Kingdom, which resulted in
negative transport cost savings for these commodities. Hence, an additional analysis (Table 7) is made
in which the average load for these commodities is increased by 46% to reflect the change in cargo area
and volume, which are likely constraints for these commodities instead of weight.

The additional analysis gives an upper estimate for the potential savings (Table 8). It could be
argued that the upper estimate should be calculated by simply increasing the average load by 46%
for all commodities. However, such an estimate is likely to unrealistic, because it is unlikely that all
commodities would implement LHVs to the full as there are restrictions due to physical infrastructure
and logistics practices. Hence, it can be concluded that implementing LHVs in the United Kingdom
could reduce lorry vehicle kilometres by 2.1-2.6 billion km, which is 11-13% of current lorry mileage.
This reduction would save 178-272 million litres of diesel and reduce CO, emissions by 0.5-0.7 Mt.
The transport costs of over 33 t articulated lorries could decrease by £1.0-1.5 billion, which is 9-14%
of current transport costs. It might also be argued that the effects of LHVs may be even greater and
estimated assuming that the average load would increase by 46% for all commodities. However, this
would give too high estimate on the effects of LHVs because it is unlikely that LHVs could be used on
all journeys currently made with over 33 t articulated vehicle. Infrastructure may not enable use of
LHVs everywhere and LHVs may also cause a modal shift from rail to road, which has an effect on the
lower estimate of LHV benefits.
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Table 7. Savings in vehicle kms, transport costs and fuel using LHVs based on increased cargo space.

) De.crease in vkm B:icl:;aile-li\l;svl;(:sle d Cost Savings Using Cost Savings Using Fuel Savings Using Elﬁe\l]ssis\:;%sising
Commodity and NST2007 Number ‘I/.Ivs1'n%1 LHYs Fased on Cargo Space LHYs Based on LHVs Based on LHYs Base'd on Cargo Space
eight (Million km) (Million km) Weight (M£) Cargo Space (M£) Weight (Million 1) (Million 1)
01 Agricultural products without forestry 10 129 —60 76 —4 35
05 Textiles 0 27 0 0 0 0
10 Metal products 33 73 -2 43 6 17
13 Furniture 0 45 0 0 0 0
16 Empty containers, packaging 49 128 —18 85 —4 22
19 Unidentifiable goods 36 85 —6 50 6 20
Additional savings based on cargo space 359 340 94
Table 8. Range of estimated savings in the United Kingdom using LHVs.
Decrease in UK artics over 33 t vkm Decrease as % of artics over 33 t UK vkm Decrease as % of total UK vkm
Lower estimate 2107 21% 11%
Upper estimate 2581 26% 13%
Fuel saving (MI) Fuel savings as % of current over 33 t artics fuel use  CO; saving (Mt)
Lower estimate 178 5% 047
Upper estimate 272 8% 0.72
Cost saving (M£) Cost savings as % of current over 33 t artics costs
Lower estimate 983 9%

Upper estimate 1454 14%
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3.3. Effects of Infrastructure and Modal Shift on the Lower Estimate of LHV Benefits

The estimated benefits presented in the previous section show the effects, which are internal in the
road freight sector, but do not take into account possible modal shift or effects on road infrastructure.
In order to estimate the net economic benefits on a national scale, two additional major factors must
be taken into account, namely road infrastructure improvement costs and modal shift from rail to
road. TRL [9] estimated significantly lower effects of LHVs in the United Kingdom than the estimates
presented in the previous section. TRL estimated 0.4-1.3% reduction in vehicle kms, 1.4-3.6% reduction
in transport costs and 0.5-1.4% increase in CO; emissions. The differences are due to significantly
lower estimate on the potential use of LHVs and shift from rail to road. TRL [9] estimates that the
take up rate of LHVs would be 5% as a low estimate and 10% as a high estimate, that is, 5-10% of
articulated vehicle’s tkm would be carried by LHVs. The low estimate was primarily due to restricting
the use of LHVs on only certain types of commodities, which is not justified based on the Finnish
example where all types of commodities are mainly transported using LHVs (Figure 2). Of course the
situation in Finland is due to long term development, but in the long term, LHVs are likely to take over
transport from HGVs in the United Kingdom too, simply because of the indisputably lower transport
costs per unit transported.

TRL [9] also estimates the effects of possible route restrictions on LHV and shows that if LHVs
would be allowed only on motorways and dual carriageways, the reduction in vehicle km would
be 20% lower than in if LHVs would be allowed on all roads. Road infrastructure, especially some
roundabouts in urban areas and bridges in rural areas, as well as docking areas in distribution centres,
may not be able to accommodate LHVs because of the larger turning circle and GVW of LHVs. Hence,
it is justified to take the estimate by TRL [9] to calculate a new lower estimate on the effect of LHVs in
the United Kingdom. Applying the suggested 20% decrease in the lower estimate of the vehicle km
savings result in a new estimate of 1.7 billion vkm (8.8% of total lorry vkm). In terms of fuel, CO,, and
cost savings, the savings are also reduced to 142 million I, 0.38 Mt, and £786 million, respectively.

Regarding the modal shift, ORR [29] reported that rail freight had 10% share (about 17 billion
tkm) of domestic freight transport in the United Kingdom and 1.7 billion lorry kilometres would be
required to transport the amount of freight moved by rail in 2015-2016. Finland (27%) and Sweden
(29%) currently have considerable higher shares of rail freight of total tkms than United Kingdom [26].
However, it should be noted that majority of the freight transport on rail are due to extensive forest
industry in these countries. In Finland, forestry and products of paper industry represent about 48%
of total rail tkms [30], whereas in the United Kingdom, 40% of rail tkms are intermodal freight [29].
According to TRL [9], 13% shift from total rail haulage to road is a mid-range estimate, which would
be about 2.2 billion tkm. Supposing this would shift from rail to road, using LHVs with an average
load of 20 t and the share of empty running of 33% of total mileage (which is a high estimate for empty
running, as the average for over 33 t artics in the United Kingdom is 24%), the resulting increase in
road freight would be approximately 0.15 billion vehicle kms. The resulting lower estimate of the net
change in lorry vkm would be a decrease of 1.5 billion km (8% of total lorry vkm) and resulting fuel,
CO,, and cost savings can be seen in Table 9.
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Table 9. Range of estimated savings in the United Kingdom using LHVs when taking infrastructure
and modal shift into account.

Decrease in U.K. artics Decrease as % of artics over Decrease as % of total
over 33 t vkm 33 t UK. vkm U.K. vkm

Lower estimate 1535 15% 8%

Upper estimate 2581 26% 13%

Fuel savings as % of current

Fuel saving (MI) over 33 t artics fuel use CO; saving (M)
Lower estimate 129 4% 0.35
Upper estimate 272 8% 0.72
. Cost savings as % of current
Cost saving (M£) over 33 t artics costs
Lower estimate 716 7%
Upper estimate 1454 14%

As can be seen from Tables 8 and 9, the upper estimate was not changed as a result of infrastructure
and modal shift. Regarding the modal shift, the upper limit does not take any change into account,
reflecting the finding by Steer et al. [3] that empirical evidence on modal split shows lower effects than
desk studies anticipate. Regarding infrastructure, implementing LHVs could also change the structure
and operational practices of freight transport networks so that average payload increases more than
estimated here when they are mostly used on trunk routes on motorways and dual carriageways
between distribution centres, unlike HGVs currently are. However, it should be noted that there are
currently about 250 ‘substandard’ bridges on motorways and major A-roads and more than 3000 such
bridges on council-maintained roads [31]. Some of these bridges may not be fit to carry even the
current heaviest HGVs. Hence, it is likely that significant investments in the magnitude of hundreds of
millions of pounds would be required to improve the bridges to allow 60 t GVW on major roads.

4. Discussion

The results of this study estimated that the savings of longer and heavier vehicles would be
1.5-2.6 billion vehicle kms (8-13% of total lorry mileage), £0.7-1.5 billion in transport costs, and
0.35-0.72 Mt in CO, emissions (1.8-3.7% of total lorry emissions). These findings are well in line with
some estimates of other studies. McKinnon [14] reported that the previous increase in maximum
weight in the United Kingdom, from 40 t to 44 t in 2001, saved 0.13 billion vehicle kms, £0.11 billion in
transport costs, and 0.13 Mt in CO, emissions in 2003. As this was a 10% increase in payload weight
and LHVs would increase the payload weight by 46%, as well as an increase in the cargo area and
volume, the results are roughly comparable. Leach et al. [13] estimated that allowing longer (25.25 m)
vehicles without increasing the maximum weight could have an effect on 15% of current articulated
vehicle mileage and lead to transport cost savings of about £0.2 billion, with CO, emission reductions
of 0.1-0.2 Mt, depending on the effects on rail freight transport. As Leach et al. [13] estimated that
longer vehicles could affect 15% of articulated vehicle kms, and this analysis took into account 94% of
articulated vehicle kms, the results are highly comparable.

Arki [32] reported that allowing LHVs in the whole of Europe would decrease the vehicle kms
by 13%, transport costs by 6.8%, and CO, emissions by 3.6%. These figures are very similar with the
results of this study, although the reduction of CO, emissions is lower than in this analysis. This could
be partly due to the fact that LHVs are already in operation in some European countries. Vierth et
al. [24] studied the opposite situation, that is, abandoning LHVs and using HGVs instead in Sweden,
and found that the amount of vehicle kms would increase by 24%, transport costs by 7%, and CO,
emissions by 6% if only HGVs were used, and there would be no shift from road to rail. Again, these
results are well in line with the estimates of this study.
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5. Conclusions

The potential effects of implementing longer and heavier vehicles (LHVs) in road freight transport
have been studied in various countries nationally and internationally in Europe. These studies have
focused on the implementation of LHVs on certain types of commodities and the experiences from
countries like Finland and Sweden, which have a long tradition in using LHVs and in which LHVs
used for all types of commodities have not been widely utilised. This study aimed to assess the impacts
of long and heavy vehicles on various commodities in the United Kingdom based on the Finnish
experiences in order to estimate the possible savings in road freight transport vehicle kilometres, costs,
and CO, emissions in the United Kingdom if LHVs would be introduced and used similarly to Finland
in the transport of various commodities.

The international commodity level approach induced some challenges to the analysis. Firstly,
some commodities have very limited amount of data and there is large annual variation, which might
lead to slightly different results if other years would have been chose. Hence, it is recommended that
data from several years should be used in future commodity level studies. Secondly, international
comparison even at the commodity level might not be sufficiently detailed to make assumptions on
the utilisation of LHVs, and thus the changes in average loads moving from HGVs to LHVs. Even
within the same commodity type, very different goods may be transported, as illustrated by the case
of agricultural products and forestry in this study. Hence, international comparisons should aim to
utilise the most disaggregated data available. However, there are variations between countries in the
level of disaggregation, so the 20 commodity types used in NST2007 might remain the deepest reliable
level of disaggregation, as European countries deliver this data annually [21].

The study shows that the savings of introducing longer and heavier vehicles in the United
Kingdom would be 1.5-2.6 billion vehicle kms, £0.7-1.5 billion in transport costs, and 0.35-0.72 Mt in
CO; emissions. These findings are well in line with previous findings in other countries. The results
confirm that considerable savings in traffic volume and emissions can be achieved and the savings
are very likely to outweigh possible effects of modal shift from rail to road. Previous research also
somewhat agrees that LHVs are unlikely to cause negative effects on modal shift or transport safety.
Hence, LHVs are likely to provide a viable solution in the United Kingdom to decrease greenhouse
gas emissions from transport in order to mitigate climate change, although the effect on greenhouse
gases is very limited.

However, in order to gain the maximum benefits of LHVs, investment requirements in
infrastructure are likely to emerge. Hence, further research on the state of road infrastructure, especially
regarding weight-restricted bridges and manoeuvrability issues, would be required in order to estimate
the investment costs and compare them against the savings projected in this study. Alternatively, LHVs
can be allowed only on certain types of roads to avoid infrastructure investments. Further research that
takes into account routing and likely use of various road types by LHVs should be carried out to find
the right balance between the LHV road network and investment costs. Such research can build on the
recent study by Palmer et al. [33], which focused on the fast moving consumer goods (FMCG) sector.
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