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Abstract

This paper sets out to analyse freight transport costs on selected proposed new routes. In doing so it presents a method of modelling such costs found to be most appropriated to the major question being asked, namely what are the respective costs for the existing all-road option and the proposed road-sea alternative.

This paper will be of interest to maritime economists with an interest in short sea shipping and its impact on the environment since we focus not only on the private or internal costs of road versus sea transport but also on the wider external costs incurred. 

The methodology used is drawn from generalised cost analysis which has been modified to suit the context and requirements of the Clyde Ferry Service study (CFS) and UK Marine Motorways study (UKMM).

Our tentative conclusions are that switching targeted volumes of freight to sea on the selected routes yields both internal and external cost benefits, however the overall environmental impact may prove to be negative. 
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Introduction

Historically at least short sea shipping in Scotland since the turn of the 19th century has been characterised by a type of vessel known as “Puffers”. What was unique about the Puffer services was that they maximised sea distances and minimised road distances. The term 'Puffer' was used to describe the small bulk carrier vessels that were in operation in the West Highland coastal trade and which were able to access remote areas and self-load and self-discharge cargo. Originally they had simple steam engines that exhausted directly into the atmosphere and literally 'puffed'. Although the 'puffing' was silenced with the invention of diesel engines, emotional attachments to a bygone era of steam meant that the term 'Puffer' continued in use as a generic term until the demise of the West Highland coastal trade 1995. In this proposal 'Puffer' is used as a generic term for relatively small coastal vessels.

Puffer services operated on a North-South axis along the West coast of Scotland carrying cargo from the industrialised central belt to coastal and Island destinations stretching from the Mull of Kintyre in the South to Kinlochbervie in the North, and included all the populated West coast islands (see map figure 1). As a logistics solution to the problem of supplying this relatively remote and inaccessible region, Puffer services can be characterised as being North-South long sea/East-West short road (NSLS/EWSR) which maximised sea distances and minimised road distances. Typically the road distances from anywhere in the central industrial belt of Scotland to the Clyde ports were on average less than 60 miles. In contrast, the North-South sea routes were anything up to 250 miles. 

Puffer services came under increasing threat from two separate advances in maritime technology in the mid-1960s, namely Ro-Ro ferries, and containerisation, as well as Government policy of the day which showed a preference for subsidised car ferry services. While these developments certainly represented a threat to the Puffer as a specific vessel type, on their own they need not have resulted in the demise of North-South coastal services. What finally sealed the fate of North-South coastal services was the Government's decision to withdraw subsidies to bulk shipping services and, perhaps more importantly, the lack of a suitable alternative vessel type capable of handling unitised cargo for use on that trade. This combination of factors led to the eventual withdrawal of these services in 1995. The major consequences of this withdrawal were that (i) an increasing amount of cargo destined for the islands North of the Clyde had to be taken long distance by road to the East-West car ferry terminals in Kennacraig, Oban, Uig, and Ullapool, and (ii) cargo for all other mainland West coast destinations had now to be carried almost exclusively by road.

The demise of the North-South Puffer services had two immediate impacts on cargo logistics. The first was to force a substitution of the NSLS/EWSR solution with a North-South long road/East-West short sea (NSLR/EWSS) solution. The second was to remove any real alternative to road transportation. This both reflected and further reinforced the modal shift from sea to road that had steadily been gathering pace since the mid-1960s. Subsidised car ferry services, publicly operated and maintained ferry terminals, and 'free' roads had made it increasingly more attractive to send cargo by road. However, the demise of the Puffer services meant that logistics providers were now left with no alternative. The cumulative effect of these trends was to maximise the road distances and minimise the sea distances that cargo was carried - a reversal of previous practices (e.g. the road distance from the central industrial belt to Mull of Kintyre is approximately 150 miles, whereas North to Ullapool the distance is over 250 miles). This modal shift was made all the more permanent due to the almost non-existent rail services to these regions. However, even with the expansionist road policies of the 1970s, 1980s, and 1990s the road infrastructure in that area of Scotland has continued to remain poor and underdeveloped, and in large part inadequate for both the volumes and type of traffic (e.g. 44 tonne articulated lorries) it now handles. 

Government transport policy now seeks to transfer, where appropriate, traffic from congested roads to less environmentally damaging transport modes such as rail and sea. Recent studies by Baird (1998, 2000) have shown that under the right conditions, fast passenger and freight ferries can be very effective in transferring large volumes of goods traffic from road to sea on coastal routes. 

Methodology
Between 1997 and 1999, the MRG, in collaboration with the University of Barcelona, investigated the feasibility of introducing advanced fast freight ferry services on a number of routes throughout Europe in a project funded by the European Commission under the 4th Framework Programme. Entitled European Marine Motorways (EMMA, 1999), the EMMA project, which was managed by Napier University, involved five science and industry partners from different EU countries including Stena Line, then the world’s largest ferry operator. Results from this research led to the introduction of a fast freight ferry service between Genoa-Barcelona, taking considerable numbers of HGV’s off the roads through France.

During the EMMA project, a methodology for investigating fast ferry route commercial viability was developed. This methodology has been further tested and refined by MRG researchers during subsequent research (ZEE-SCOT Project, 2000) funded by the European Commission under the Pilot Actions for Combined Transport (PACT) Programme. In an industry-collaborative partnership consisting of ferry operators, ports, integrated transport providers, and public sector agencies, the Napier-managed ZEE-SCOT project sought to establish the potential commercial viability for a fast freight ferry service between Scotland and Zeeland (The Netherlands) as an alternative to long-distance road transport through the UK. In part due to the findings of this research, the opportunity to provide a ferry service on the Scotland-Continent route was advertised by Scottish Enterprise in December 1999. A preferred carrier (Superfast Ferries SA, Greece) was selected in September 2000, with the service due to commence in 2002. The freight ferry service is expected to transfer up to 50,000 trucks a year from road to sea, thereby improving UK competitiveness (e.g. avoiding road congestion) and quality of life (e.g. less pollution and road accidents). Researchers at Napier were able to further refine the methodology used to assess fast ferry demand and viability during the ZEE-SCOT project and the UK Marine Motorways study which commenced in October 2000 and will run for 24 months. 

An important conclusion of the above studies was that the perceived costs of sea transport was a crucial factor in influencing a switch from road to sea. Such costs however were often over-estimated and based on incomplete and inaccurate data. What was required was a more robust cost modelling methodology for road-sea transport which would promote more rational decision making with respect to the relative costs of road-sea vis-à-vis all-road transport costs. In modelling sea transport costs in this paper we include both the sea leg and the road leg and use this as the basis of our comparison with the all-road alternative. We do not, for reasons which hopefully will become clearer, include the cost of carraige, i.e., the cost of carrying goods from port A to port B by sea (usually determined by the ferry owner). 

With respect to sea transport we identify two broad categories of cost. Firstly, we identify what we call internal costs. This we take to be the cost to the haulier of the sea and road legs of a trip expressed in terms of the vehicle operating cost. Secondly, we identify the so-called (usually negative) external costs of the transport operation borne by society in general. Our reason for identifying external costs is straightforward. In promoting short sea shipping as a means of achieving environmental objectives, the UK and Scottish governments seem to have accepted the arguments for some form of public subsisdy. Any such subsidy however is determined on a case by case basis and is dependant on the quantified extent of any environmental benefits achieved expressed in monetary terms. 

Generalised cost analysis is a technique that has been used by transport planners for some time however there has been little if any attempt at its use in the context of short sea shipping. Drawing on the lessons and experience gained in the above studies, a generalised cost methodology applicable to short sea shipping  using estimated cost and road flow data from various sources has been developed and has been applied in the context of the Clydeport Ferry Services study and the UK Marine Motorways study. Here it clearly showed and quantified the costs and savings (internal and external) of moving freight on selected routes and allowed for the straightforward comparison of a direct all-road option with its road-sea alternative. In this paper the method used for quantifying external costs has been adapted from MDS Transmodal (2002). Such are expressed and quantified in terms of GB£’s per sensitive lorry kilometre. The potential environmental benefits are calculated by assigning a monetary value to a kilometre travelled by a lorry on different types of road, to quantify the value to society of reduced congestion, environmental pollution in the form of noise, road accidents and road damage as a result of removing the lorry from the particular road. These Sensitive Lorry Kilometres (SLK) values vary from £0.12 per kilometre on a motorway, rural dual carriageway and urban grade separated dual carriageway to £0.62 per kilometre on an urban single carriageway road and an urban non-grade separated dual carriageway, to £0.29 per kilometre on routes of mixed road types.

In order to compare the relative competitiveness of by-road and by-ferry options, generalized cost modeling has been carried out for each of the origin-destinations listed below for the CFS and UKMM routes. In doing the actual modeling, the aim has been to identify relevant costs as objectively and as unambiguously as possible. Therefore rather than present a single unit of cost for all modalities (i.e. generalized minutes), a simpler approach has been adopted, presenting costs in both monetary and time (i.e. minutes) terms. This makes modal comparisons more accurate and easier to understand and goes some way towards removing any element of subjective bias inherent in differing personal ‘experiences’ or valuations of time. Modeled routes  are: 

Glasgow-Kintyre direct by road and by ferry via Ardrossan-Tarbert:

· Glasgow – Ardrishaig

· Glasgow – Tarbert

· Glasgow – Campbeltown

North Channel services:

· Glasgow – Larne via Cairnryan

· Glasgow – Larne via Ardrossan

UKMM Routes direct by road and by ferry via the relevant port

· Route 1 NE Scotland - Thames

· Route 2 Forth – Thames

· Route 3 Forth – Tees

· Route 4 Clyde – Mersey

· Route 5  Humber – Thames

Figure 1 Proposed UKMM Network of Routes
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The respective formulae used to estimate costs for the highway leg of each of the modeled routes is as follows:

GCTruck(£) = (HighwayDistance * VOC)

GCTruck(mins) = IVTtruck + EWTtruck

GCTruck is the cost to the truck owner of making a single journey expressed in both monetary and time terms, IVTtruck (In-Vehicle-Time) is the estimated journey time in minutes (truck time), EWTtruck is the Effective Wait Time (time spent taking rest breaks and estimated delays due to traffic congestion), HighwayDistance is the estimated length of the journey in kilometers, and VOC is the average vehicle operating cost expressed in terms of pence per kilometer.

The respective formulae for estimating generalized costs for the sea leg of each of the modeled routes is as follows:

GCTruck-Ferry(£) = (SeaDistance * SC)

GCTruck-Ferry(mins) = IVTferry + EWTferry

GCTruck-Ferry is the cost to the truck owner of the ferry leg of the journey, net of any crossing charges levied by the ferry owner, expressed in both monetary and time terms. IVTferry (In-Vehicle-Time) is the estimated sea journey time in minutes, EWTferry is the Effective Wait Time (time spent waiting to embark/disembark), SeaDistance is the estimated length of the journey in kilometers, and SC is the tractor/trailer depreciation cost expressed in terms of pence per kilometer.

For all services two options are being modeled, namely unaccompanied trailer only (TO) and  driver accompanied tractor/trailer (TT).

The modelled routes

Choice of Routes

This paper presents the preliminary results with respect to transport costs of an investigation into the potential development of new sea freight ferry services. Data has been collected and analysed with respect to the routes identified above with the primary aim of identifying and quantifying the extent of any haulier and/or ‘social’ surplus to be gained from switching selected volumes of freight from road to sea. What we call haulier surplus will take the form of a reduction in transport costs (in our analysis we call these internal costs). What we call social surplus will take the form of a reduction in external costs (accidents, noise, congestion, road damage) borne by society as a whole. In large part, the size of the haulier surplus will determine whether or not hauliers can be persuaded to use the sea alternative. It will also serve as in indicator of the extent of any public subsidy that may be required. The sized of the social surplus will determine whether or not any such public subsidy will be forthcoming. 

In our analysis of transport costs we have not included the sea tariff on the proposed Ardrossan-Larne. The only requirement is that it should not be out of step with the existing tariffs on the Cairnryan-Larne service which we estimate to be on average £100 per crossing. 

The CFS study included an analysis of potential car and foot passenger traffic however in this paper we confine ourselves to a discussion of freight traffic. The UKMM study concerns itself exclusively with an analysis of freight traffic. 

UK Marine Motorways
The aim of the UK Marine Motorways study is to establish the operational and commercial viability of freight ferry services on UK coastal routes as an alternative to long-distance road transport.  With respect to route selection the main objective was to identify, based on a detailed assessment of existing road goods traffic flows, a maximum of four sea routes for further investigation. These four routes were selected from an initial choice of thirteen routes themselves selected following an analysis of the freight flow statistics (supplied by the Department for the Environment, Transport, and the Regions), and the need to consider routes on the West, East, and South coasts of the UK. The five sea routes selected for further investigation were (see map figure 1):

1. North East Scotland – Thames

2. Forth – Thames

3. Forth – Tees

4. Clyde – Mersey

5. Humber – Thames

With respect to all of these routes there are currently no existing RoRo freight services operating on any of them.

Clyde Ferry Services 
Appropriate routes were selected from a study carried out by the MRG jointly commissioned by Clydeport plc and North Ayrshire Council. The aim of this study was to model, compare and analyze the potential viability of new fast ferry services from Ardrossan and compare this with the existing Scotland-Northern Ireland North Channel services and the all-road A83 Glasgow-Kintyre service. The selected routes (see map figure 2) were:

6. Glasgow – Kintyre Peninsula via Ardrossan

7. Glasgow – Northern Ireland via Ardrossan

With respect to the first route, there were no existing RoRo ferry services to the Kintyre peninsula from Ardrossan of from anywhere else on the central west coast. With respect to the second route, passenger and freight RoRo services already operated to Northern Ireland on the North Channel services from Stranraer, Cairnryan, and Troon.

There were a number of motivating factors or ‘drivers’ behind the Clyde Ferry services study. These were

· the legitimate desire of Clydeport plc to make more intensive use of its Ropax facility at Ardrossan;

· both North Ayrshire and Argyll and Bute councils desire to secure economic prosperity for their respective regions;

· the desire to improve transport links between central Scotland and Kintyre, hence making Kintyre seem less remote;

· the desire to reduce the negative impacts on the environment associated with the road connections into both the Kintyre and Loch Ryan areas.

As the North Channel routes are well established, mature ferry markets, published data on traffic flows is readily available. This contrasts with very little detailed information on traffic, and especially freight flows, to/from the Kintyre peninsula, hence the pressing need to develop a greater understanding of the nature and extent of freight traffic flows to/from Kintyre. The detailed market assessment carried out on the Kintyre hinterland (Marchant 2002) revealed that although very difficult to predict, the actual market size could be perhaps as high as 15,000 trailers per annum. Over time, an Ardrossan to Kintyre ferry service could develop into the dominant infrastructure link for commercial operations in the area. Generalized cost and time advantages tend to reinforce this argument. A Tarbert ferry terminal therefore offers considerable advantage to the firms in the area. 

Modelled Costs – Clyde Ferry Services

Freight Market Estimates

In proposing a new sea route between Glasgow and Kintyre the modal shift, such as it is, is from road to sea for part of the route. In proposing a new competing sea route between central Scotland and the Northern Ireland no modal shift is implied. As discussed above, the freight market for trailers between Glasgow and Kintyre is estimated to be approximately 15,000 trailers per annum. On  the North Channel route freight market for trailers between central Scotland and Northern Ireland is estimated to be approximately 146,000 units (i.e., one third of the total North Channel traffic consists of ‘Scottish’ trailers).

Modelled Transport Costs – CFS Routes

This section estimates generalized costs for the various CFS routes under investigation concluding with estimated cost and environmental benefits resulting from new Ardrossan fast ferry services. Calculations are assessed based on published sources, aided by interviews with relevant organizations. Data on vehicle operating costs for 44 tonne articulated trucks has been obtained from the UK Freight Transport Association (FTA). 

The Glasgow-Kintyre all-road route is along west Loch Lomondside to Arrochar then over the Rest-and-be-Thankful to Inveraray, Lochgilphead, Ardrishaig, East and West Loch Tarbert, Kennacraig (Islay and Gigha ferry), and finally Campbeltown where the road terminates. The alternative ferry option involves Glasgow to Ardrossan by road, followed by the fast ferry from Ardrossan to Tarbert (see map figure 2).

The ‘direct’ North Channel route being modelled is Glasgow-Cairnryan via the A77 (mostly single carriageway). The alternative ferry option involves Glasgow to Ardrossan by road, followed by fast ferry from Ardrossan to Larne (see map figure 2).

Figure 2 Clyde Ferry Services - Modelled Routes
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The relevant parameters for the type of high speed vessel that might operate on these routes are shown in the following table.

Table 1 High Speed Ferry Characteristics
Fuel Cost (£/tonne)
Fuel Cost (p/litre)
Fuel Consumption (l/hr)
Speed (km/h)
Capacity (units)

128
12.80
8,900
65
36

Assuming an 80% load factor achieved, 29 trailers will be carried per sailing.

Average vehicle operating costs (VOC) have been obtained  from the UK Freight Transport Association and are shown below.

Table 2 Estimated Vehicle operating Costs
VOC p/km
77.9

Fuel Consumption (k/l)
3

Fuel Cost (p/l)
59.6

Fuel Cost (p/k)
19.87

Running Cost (p/k)
33.7

Cost less Running Costs (p/k)
44.2

Depreciation – Tractor (p/km)
7.67

Depreciation – Trailer (p/km)
1.57


Source: UK Freight Transport Assoc.

Total VOC inclusive of running costs, vehicle excise duty, depreciation and insurance etc amounts to 77.9 pence per kilometre. The cost of fuel is 59.6 pence per kilometre and is shown net of UK VAT. Running costs are made up of fuel, tyres, and maintenance costs for both tractor and trailer and are 33.7 pence per kilometre. In addition to these costs, a trailer handling charge of £50 is assumed and is the cost of handling unaccompanied trailers - £25 at each end of the journey.

The estimated road and sea distances, fuel consumption and fuel costs on the CFS routes are shown in table 3. The table headings have their meanings determined by the parameters being estimated, e.g., Glasgow to Kintyre by all-road route is 169 kilometres, takes 241 minutes, and uses 57 litres of fuel at a cost of £34. The sea leg (Ardrossan to Tarbert) is 44 kilometres, takes 56 minutes, and uses 8,307 litres of fuel at a cost of £1,063. In the case of Glasgow to Larne via Ardrossan, the road leg is 47 kilometres, takes 81 minutes, and uses 16 litres of fuel at a cost of £9. The sea leg (Ardrossan to Larne) is 109 kilometres, takes 108 minutes, and uses 16,020 litres of fuel at a cost of £2,051. 

Table 3 CFS Route Characteristics

Road Direct
to Ardrossan
Sea

Average Road and Sea Journey Distances (km)




Route: Glasgow – Kintyre
169
47
44

Route: Glasgow - Larne (via Ardrossan)
47

109

Route: Glasgow - Larne (via Cairnryan)
130

65







Average Road and Sea Journey Times (mins)




Route: Glasgow – Kintyre
241
157
56

Route: Glasgow - Larne (via Ardrossan)
81

108

Route: Glasgow - Larne (via Cairnryan)
150

60







Average Fuel Costs (litres)




Route: Glasgow – Kintyre
57
25
8,307

Route: Glasgow - Larne (via Ardrossan)
16

16,020

Route: Glasgow - Larne (via Cairnryan)
44

8,900





`

Average Fuel Costs (£)




Route: Glasgow – Kintyre
34
15
1,063

Route: Glasgow - Larne (via Ardrossan)
9

2,051

Route: Glasgow - Larne (via Cairnryan)
26

1,139

The total costs of a single truck journey on the CFS routes are presented in table 4.

CFS Route Analysis: Glasgow - Kintyre

In terms of one-way single trip costs (excluding sea crossing) Ardrossan offers external cost benefits of £86. On an annual basis, assuming 250 round-trip sailings per year, this amounts to £1.2 million. In terms of internal costs, Ardrossan offers savings of £55 per one-way trip per driver accompanied trailer. On an annual basis this amounts to a saving to a haulier of £27,500 per driver accompanied trailer assuming one round trip per day. To the haulage industry the gross saving is £797,500 per annum. In terms of tonne-kilometre savings, approximately 21 million tonne-kilometres per annum will be removed from the already congested roads by routing via Ardrossan (assuming an average 15 tonne payload per truck). In terms of journey times, savings are modest at 11% via Ardrossan.

Table 4 CFS Route Cost Parameters

Direct
via Ardrossan
Saving
%-age

Average External Costs (£)





Route: Glasgow - Kintyre
105
19
86
82%

Route: Glasgow - Northern Ireland
38
6
32
85%








Average Internal Costs - Trailer Only (£)





Route: Glasgow – Kintyre
131
108
23
18%

Route: Glasgow – Larne
130
88
42
32%








Average Internal Costs - Tractor/Trailer (£)





Route: Glasgow – Kintyre
131
77
55
42%

Route: Glasgow – Larne
130
85
45
35%








Total Km Distance Travelled





Route: Glasgow – Kintyre
169
118
51
30%

Route: Glasgow – Larne (via Cairnryan)
195




Route: Glasgow – Larne (via Ardrossan)

156
39
20%







Total Journey Times (mins)





Route: Glasgow – Kintyre
241
213
28
11%

Route: Glasgow – Larne (via Cairnryan)
210




Route: Glasgow – Larne (via Ardrossan)

189
21
10%








Average Fuel Costs (litres)





Route: Glasgow – Kintyre
57 (1,653)
8,332
-6,679
500%

Route: Glasgow – Larne (via Cairnryan)
10,176




Route: Glasgow – Larne (via Ardrossan)

16,484
-6308
60%








Average Fuel Costs  (£)





Route: Glasgow – Kintyre
34 (986)
1,498
-509
51%

Route: Glasgow – Larne (via Cairnryan)
1,893




Route: Glasgow – Larne (via Ardrossan)

2,312
-419
22%














Average Highway Tonne/Km





Route: Glasgow - Kintyre
2,530
1,105
1,425
56%

Route: Glasgow - Northern Ireland
1,950
705
1,245
64%

Once ferry tarrifs are included however the cost savings to the haulier (the haulier surplus), and the potential viability of any service, all but disappears. Baird (2002) has estimated an average tariff of £150 per truck and £20 per car on the Glasgow-Kintyre crossing based on a single daily sailing (the car owner will enjoy a surplus of £18 by switching to sea hence there is no need for a subsidy for car journeys). If the ferry can attact 5,000 trucks per year then in crude terms an operating subsidy of between £500,000 - £750,000 per annum would be required for this service to be viable.   Hence the arguments for a subsidy. The rationale of the subsidy argument (leaving aside the ‘economic regeneration’ claims) is based on government policy to remove freight from road to sea and rail as a means of reducing environmental pollution (noise and greenhouse gases), congestion, and accidents. While our analysis shows positive environmental benefits in terms of noise, congestion, and accident reduction, this is less than the annual operating subsidy required for this route. A further complication is that once the figures on fuel consumption are taken into account the case for any subsidy based on environmental benefits cannot be conclusively settled until compararive figures for greenhouse gas emissions for both alternatives become available - in terms of fuel consumption, it takes approximately 1,653 litres of fuel to take 29 trailers to Kintyre using the all-road A83 route. Via Ardrossan it takes 8,332 litres – a fuel consumption increase of 6,679 litres or 500%. On an annual basis this amounts to a fuel consumption increase of approximately 3 million litres. 

CFS Route Analysis: Glasgow to Northern Ireland (North Channel)

Assessing the relative merits of Ardrossan over the existing primary freight route for Cairnryan is fairly straightforward. This is a mature market and traffic flows and volumes are well documented. As discussed above, the market for Scottish trailers on the North Channel is estimated to be about 146,000 trailers annually.

In terms of one-way single trip costs (excluding sea crossing) Ardrossan offers external cost benefits of £32.  Assuming 4 sailings per day (2000 sailings per annum) then in annual terms this amounts to an external cost saving of approximately £1.8 million. In terms of internal costs, Ardrossan offers an average saving of £43 per one-way trip for both driver accompanied and driver unaccompanied trailers. On an annual basis this amounts to a saving of £21,500 per trailer. To the haulage industry the gross saving is £2.4 million per annum.

In terms of tonne-kilometre savings, approximately 72 million tonne-kilometres per annum will be removed from the already congested roads by routing via Ardrossan (assuming an average 15 tonne payload per truck). In terms of journey times, savings are modest at 21 minutes via Ardrossan.

While the North Channel services do not require an operating subsidy, Ardrossan harbour itself would need several million pounds of capital investment to upgrade its facilities and add an additional linkspan. Clydeport, the owners of Ardrossan harbour would seek to achieve this by means of a Freight Facilities Grant (FFG) – in effect a capital subsidy. In order to qualify Clydeport would need to demonstrate the environmental benefits of switching freight to Ardrossan. In terms the external cost and tonne-kilometre savings Ardrossan would on the face of it would seem to be well placed to qualify for an FFG. However once the figures on fuel consumption are taken into account the case for an FFG becomes less clear. In terms of fuel consumption, it takes approximately 10,176 litres of fuel to take 29 trailers to Larne via Cairnryan, and 16,484 litres to take the same number via Ardrossan. This fuel consumption penalty of 6,303 litres per sailing amounts to some 12.6 million litres per annum.  Clearly in terms of fuel consumption Ardrossan pays a penalty.

Modelled Costs – uk marine motorways

UKMM Route Analysis

The types of vessel being modelled for these routes are of a much larger capacity than for the previous routes modelled. In modelling the sea leg both trailer only and driver accompanied options are modelled. The relevant vessel characteristics are as follows:

Table 5 Vessel Parameters

Speed (nm)
Fuel Consumption (l/hr)
Fuel Cost (p/litre)
Speed (km/h)
Capacity
Capacity (80% LF)

Conventional
21
2,900
9.62
39
151
121

Fast Conventional
28
7,400
9.62
52
124
99

High Speed
40
8,900
12.82
74
36
29

The modelled routes are:

8. North East Scotland – Thames 

9. Forth - Thames

10. Forth - Tees

11. Clyde – Mersey

12. Humber - Thames

We estimate the total volumes of freight and the potential minimum required volumes sufficient to support one daily sailing (assumes a fast conventional roro at 80% load factor) that could be moved to sea on each of these routes as follows:

Table 6 Freight Flows
Route
Annual Trailers
Sea Share 
Type of Roro

Clyde – Mersey
142,480
25,740 (18%)
FC

Mersey – Clyde
192,250
25,740 (13%)
FC

Tees – Thames
60,220
25,740 (43%)
FC

Thames – Tees
47,610
25,740 (54%)
FC

NE Scotland – Thames
25,480
7,540 (29%)
HS

Thames – NE Scotland
15,530
7,540 (48%)
HS

Forth – Tees
155,930
25,740 (16%)
FC

Tees – Forth
200,220
25,740 (13%)
FC

Humber – Thames
241,180
25,740 (11%)
FC

Thames – Humber
191,020
25,740 (13%)
FC

Forth – Thames
87,730
7,540 (9%)
HS

Thames – Forth
88,730
7,540 (9%)
HS

The estimated road and sea distances, fuel consumption and fuel costs on the UKMM routes are shown in tables 7-9, e.g., NE Scotland-Thames direct (all-road) is 914 kilometres, takes 648 minutes, uses 8,903 litres of fuel at a cost of £5,301 – in comparing fuel consumption/cost the figure for all-road is multiplied by 29, the number of trailers assumed to be carried on a high speed roro at an 80% load factor. 

The total costs of a single truck journey on the UKMM routes are presented in table 10. In terms of one-way single trip costs (excluding sea crossing) all the UKMM routes offer external cost savings. For example, route 1 from NE Scotland – Thames offers an external cost saving of £105 per single trip over the all-road alternative.  Assuming 1 sailing per day (500 sailings per annum) then in annual terms this amounts to an external cost saving of approximately £1.5 million assuming a high speed ferry is used. In terms of internal costs, the same route offers an average saving (haulier surplus) of £594 per one-way trip trailer only and £335 for driver accompanied. On an annual basis this amounts to a saving of almost £8.6 million or £4.8 million respectively to the haulage industry per annum.

Table 7 Road and Sea Distances

Direct
to RoRo
Sea
Total

Average Road and Sea Journey Distances (km)





Route 1 NE Scotland - Thames
914
[  73
728
791 ]

Route 2 Forth – Thames
703
[106
713
819 ]

Route 3 Forth – Tees
294
[  59
261
320 ]

Route 4 Clyde – Mersey
359
[  74
334
408 ]

Route 5 Humber – Thames
297
[  86
347
433 ]

Table 8 Road and Sea Times

Direct
Conventional
Fast Conventional
High Speed

Average Road and Sea Journey Times (mins)





Route 1 NE Scotland – Thames
648
1124
843
590

Route 2 Forth – Thames
497
1101
826
578

Route 3 Forth – Tees
255
403
302
212

Route 4 Clyde – Mersey
348
516
387
271

Route 5 Humber – Thames
259
536
402
281

Table 9 Fuel Consumption (litres/£)

Direct
road to RoRo
Conventional
Fast Conventional
High Speed

Average Fuel Costs (litres)






Route 1 NE Scotland - Thames
307
24


87,557

Route 2 Forth – Thames
236
36


85,753

Route 3 Forth – Tees
99
20
19,483
37,286


Route 4 Clyde – Mersey
120
25
24,932
47,714


Route 5 Humber – Thames
100
29
25,902
49,571


Annualized Totals (M/litres)
12.5
2.0
35.1
67.2
86.6



Average Fuel Costs (£)






Route 1 NE Scotland - Thames
182.8
14.5


11,225

Route 2 Forth – Thames
140.7
21.3


10,994

Route 3 Forth – Tees
58.7
11.9
1,873
3,585


Route 4 Clyde – Mersey
71.7
14.7
2,397
4,588


Route 5 Humber – Thames
59.3
17.2
2,491
4,766


Annualized Totals (£M)
7.5
1.2
3.4
6.4
11.1

In terms of tonne-kilometre savings, approximately 183 million tonne-kilometres per annum will be removed from the already congested roads by switching identified volumes to sea (assuming an average 15 tonne payload per truck). In terms of journey times, there is a 58 minute saving by high speed ferry however for all routes there will in most cases be a time penalty by sea. 

In terms of the proposed UKMM network of routes taken as a whole, total annual external cost savings amount to approximately £11.0 million, total internal cost savings (trailer only) amount to approximately £36 million or £16.5 million driver accompanied. In terms of highway tonne-kilometres approximately 975 million tonne-kilometres per annum will be taken off UK roads. In reaching these figure the single trip savings are multiplied by 29*500 for the first two routes – assumes a high speed ferry - and 121*500 for the remaining routes – assumes a conventional ferry(see table 5).

On the deficit side, the UKMM network uses considerably more fuel to deliver the same payload - approximately 120 million litres assuming a high speed ferry on routes 1 and 2 and a conventional ferry on the others. This represents approximately a ten-fold increase over the alternative all-road option although in cost terms, due to different fuel charges, it represents only a doubling.

If the dominant method of working these routes was by unaccompanied trailer then it is possible to see the UKMM routes being viable without requiring an operating subsidy so long as sea tariffs were in no more than £100 on routes 3-5. Whether or not  the case for a Freight Facilities Grant (FFG) can be made is unclear. Like the other routes discussed, in terms the external cost and tonne-kilometre savings the UKMM routes seem to be well placed to qualify for an FFG. However once the figures on fuel consumption are taken into account the case for an FFG again becomes less clear mainly due to the lack of comparative data on greenhouse gas emissions.

Tentative Conclusions

Our analysis to date is in its early stages and much work remains to be done, particularly with respect to quantifying nox emissions from ferries and comparing this with the all-road equivalents. However it is possible to draw some tentative conclusions from our analysis to date. 

On the proposed CFS Glasgow-Kintyre route any new service will not be viable without some form of operating subsidy and a capital subsidy in the form of an FFG.

On the proposed CFS North Channel services the new service will be viable but is likely to require a capital subsidy in the form of an FFG.

With regard to the proposed UKMM network of routes, all routes are likely to be viable if the dominant method of working is by unaccompanied trailer, otherwise an operating subsidy will be required for the majority of routes.

For all routes there may be a net deficit in respect of the environmental impacts mainly due to the increase in fuel consumption, although this must remain heavily qualified and may be revised in light of further ongoing analysis. If however it is confirmed that the effects of the increase in greenhouse gas emissions cancels out the external cost savings identified above, it prejudices the case for any such subsidies given the UK and Scottish governments stated policy objectives with respect to the environment.  

Table10 UKMM Route Cost Parameters

Direct
via RoRo
Saving
%-age

Average External Costs (£)





Route 1 NE Scotland - Thames
114
9
105
92%

Route 2 Forth – Thames
87
13
74
85%

Route 3 Forth – Tees
86
7
78
91%

Route 4 Clyde – Mersey
45
9
35
79%

Route 5 Humber – Thames
37
11
26
71%

Annualized Total for UKMM Routes (approx £M)
11.0




Average Internal Costs - TO (£)





Route 1 NE Scotland - Thames
712
118
594
83%

Route 2 Forth – Thames
548
144
404
74%

Route 3 Forth – Tees
229
100
128
56%

Route 4 Clyde – Mersey
279
162
117
42%

Route 5 Humber – Thames
233
122
110
47%

Annualized Total for UKMM Routes (approx £M)
36.0





Average Internal Costs - TT (£)





Route 1 NE Scotland - Thames
712
377
335
47%

Route 2 Forth – Thames
548
397
151
28%

Route 3 Forth – Tees
229
161
67
29%

Route 4 Clyde – Mersey
279
204
75
27%

Route 5 Humber – Thames
233
220
13
6%

Annualized Total for UKMM Routes (approx £M)
16.5




Average Highway Tonne/Km





Route 1 NE Scotland - Thames
13,710
1,088
12,623
92%

Route 2 Forth – Thames
10,550
1,595
8,955
85%

Route 3 Forth – Tees
4,405
890
3,515
80%

Route 4 Clyde – Mersey
5,378
1,103
4,275
79%

Route 5 Humber – Thames
4,450
1,290
3,160
71%

Annualized Total for UKMM Routes (approx M T/K)
975.0


concluding remarks

At the time of writing accurate and reliable data on green house gas emissions by ferries and trucks was unavailable. The UK’s Department for the Environment, Rural Affairs and Agriculture (DEFRA) does however publish tables that ostensibly allows the calculation of CO2 emissions for different transport modalities. The tables on shipping however are more than 10 years old and DEFRA concedes that any results drawn from them should be treated with caution. This caveat notwithstanding, it is perhaps worthwhile estimating the probable amount of CO2 emissions for the proposed UKMM network of routes and comparing this with the all-road alternative. Based on published DEFRA data this is presented in table 11.

Table 11 Estimated CO2 Emissions by Route




Fast Conventional



Average CO2 Emissions (kg)
Direct
Conventional
Direct

Direct
High Speed









To







Humber - Thames
8,808,750
4,168,407
7,233,676
4,765,536
2,100,099
2,163,044

Forth - Tees
8,651,627
2,977,625
7,104,647
3,454,959
2,062,639
1,589,363

Forth - Thames
20,720,695
6,491,740
17,015,670
8,089,420
4,940,033
3,950,225

Tees - Thames
13,551,924
5,424,287
11,128,732
6,295,930
3,230,922
2,897,137

NE Scotland - Thames
26,927,083
5,565,655
22,112,307
7,386,958
6,419,702
3,779,980

Clyde - Mersey
10,561,662
3,738,903
8,673,153
4,362,536
2,518,012
2,016,840

Network Totals
89,221,742
28,366,617
73,268,186
34,355,339
21,271,409
16,396,588

Source: Adapted from DEFRA published tables.

As can be seen from table 11, the proposed UKMM network of routes compares favourably with the direct all road alternative in respect of CO2 emissions. For example, using a conventional roro on the Clyde-Mersey route CO2 emissions are an estimated 3.7 million kg compared with 10.5 million kg for the direct alternative. The network totals would be 28.3 million kg of CO2 for all routes using conventional roro’s compared with 89.2 million kg for the direct all road alternative.

As discussed above, these figures are unlikely to be accurate and must be treated with caution. The underlying truth however may be that moving freight by sea is at least no more environmentally damaging than moving the same volumes by road, and indeed may be considerably better.
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