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1. INTRODUCTION  
 
Pressures and Paradigm Shift 
 
Everyone needs to get from A to B, whether for personal mobility or the transportation of goods. Also, 
everyone and everything needs to get from A to B in terms of continuous development and 
improvement. Covering both dimensions of A to B is therefore a massive task, but necessary, as 
otherwise the quality of life of everyone can be adversely affected. 
 
Personal mobility, and the transportation of goods, is as old as life itself. We guard our rights to 
mobility very highly, the thought of the human race being reduced to static brains in laboratory 
containers is totally alien and frightening! 
 
As we have evolved, so has our ability to devise means of increasing our means of travel. This started 
with tricking the poor unsuspecting horse into giving us a ride and to harnessing wind and water to 
give us sailing boats, and more latterly using clever technology like steam, coal, petroleum etc to give 
us trains, cars, aeroplanes etc. 
 
Although no-one would be prepared to give up their mobility, it is under ever-increasing pressures, in 
terms of the energy demands and where the fuel comes from to provide that energy; also from the 
congestion caused by many people wanting to be mobile in the same area at the same time, and from 
the emissions created from the energy creation and deployment. 
 
Technology can give solutions, but can also create confusion when there are many competing options, 
with no clear winner. There are also side effects and consequences to every option, and so the effects 
of every decision ripple out a long way (for example, making fuel from bio-crops means that 
agricultural land is torn between fuel production and food production). 
 
Transport has a number of other key discriminators, for example public transport versus private 
transport. The private car is not just a means of transport, but for many it is a status symbol, a label of 
brand allegiance, and a lifestyle statement, real or imaginary (“I have to have a 4x4 as I live in the 
country – even though there are now roads in Chelsea”).  
 
Developing a universal transport strategy is as much about the human psyche as about technology, 
world energy supplies, raw materials and sustainability, or any other factor. Everyone suffers from a 
degree or two of hypocrisy, either out of ignorance of the facts, or normal human self-interest. The 
majority of people enjoy their overseas holidays, but no-one wants an airport next to their home. 
Everyone wants sustainable, renewable energy supplies, but no-one wants wind generators within 
sight of their homes or leisure destinations. 
 
Ultimately, people have a mental balance of the pros and cons, and a tipping point occurs when the old 
system becomes too bad, and the new system becomes attractive enough to enable the change. 
However, this does require knowledge, communication, a degree of understanding, or trust in key 
leaders to believe that the changes are good. Due to an inherent fear of change, this normally results in 
late and / or fragmented change, and potentially sub-optimal solutions.  
 
All of us can see the start of changes happening, for example the introduction of hybrid electric 
vehicles such as the Toyota Prius, various grades of bio fuels and bio fuel blends and plug-in electric 
cars in city centres. However, there have also been disasters, such as the Sinclair C5 electric vehicle, 
and the quiet retreat from LPG.  
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So what is the way forward? Who wants to buy into a new technology if it’s only going to become 
obsolete in the future? No-one wants the BetaMax once the VHS is dominant. Who’s going to lead the 
way forward? Not the car industry, as the investment in the status quo is massive, and the risks of 
selecting the wrong technology would lead to bankruptcy. Similarly, not the energy providers, as there 
is a ‘chicken and egg’ situation between the car and its energy needs (car makers cannot sell a new car 
for which there is no energy supply, and the energy suppliers cannot invest in a new energy 
distribution system if there isn’t a suitable number of vehicle customers). 
 
Objectives of this book 
 
This book attempts to get some dialogue going at the macro level, which is required if there is ever 
going to be a long term transport strategy. If you dive to the end of this book you may be disappointed; 
there is no utopian solution unearthed that fits all the requirements, with no downsides, and suits 
everybody’s aspirations on the planet. 
 
Having worked in the automotive industry all our lives, we have come across plenty of genuine 
experts with sound depth of knowledge. However, we have yet to come across the full breadth of 
issues, all nestled up against each other, so that there is a chance of starting to piece the jigsaw 
together. Likening it to a jigsaw is of course an over-simplification, as it will inevitably change with 
time. 
 
We are sure that it is not just transport which needs to be put under the microscope - world food 
production, water supply, living space, raw material utilisation and re-cycling etc will all become 
increasingly hot potatoes as the world’s population continues to expand unchecked, and nations 
develop and become more demanding in their standards of life. However, one miracle at a time! 
 
The prize for extracting our collective heads from the sand is the opportunity for the ‘UK Plc’ to 
benefit from the improved system, both as consumers, and also as manufacturers and hence 
employees. If  ‘UK Plc’ can showcase this improved system to the rest of the world, it can be of 
enormous benefit to us, both socially and economically. That’s the goal! However, to win the prize we 
have to complete a full reconnaissance of the terrain we’re on, and turn over all the stones to see which 
might become a part of the solution. 
 
The approach we have taken with this book is to be as ‘neutral’ as possible, and to allow the facts to 
speak for themselves. We have therefore used as much statistical data as possible, converted it all into 
the same units to aid comparison, and then normalised it by a ‘per person’ or ‘per unit of freight’ basis. 
This then allows the true strengths and weaknesses of the various transport systems to become 
apparent. We have then looked at how to make a ‘hybrid multi-modal’ transport system, by using an 
appropriate combination of various transport systems, ie an integrated transport plan. 
 
Metrics and units 
 
Although data is shown here in its raw format, for purposes of analysis and comparison, data is often 
converted into standard metric units, in particular:- 

·  Distance - Kilometres 
·  Velocity – Kilometres per hour 
·  Energy - Kilowatts, Megawatts, Gigawatts, Terawatts 
·  Mass / weight - Kilograms, tonnes 
·  Volume – Litres 
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2. HISTORY  AND  INFLUENCES 
 
 
Needs for transport – people and goods 
 
People have always had a desire to travel, as witnessed by the great explorers, and the diversification 
of people around the globe. At a more local level, it was essential for Stone age man to travel to obtain 
food; the hunter gatherer. Similarly, Stone age man then had to carry the food home. 
 
As people became more settled, travel generally became more localised, until the Roman era when 
roads were built to allow better political control and more widespread transportation of goods. Then, 
the main system of travel was by foot or horse, and roads were maintained commercially by turnpikes 
and fees. This had the additional benefit as far as the government was concerned of suppressing the 
mobility of people, as they were wary of military uprisings. 
 
Later on, the industrial revolution engendered the view that if transport is good, then also productivity 
is good. As trade became more global, there were increased competitive pressures. To ensure success 
there was a requirement to be cost effective, and hence productivity was key. Mechanisation enhanced 
productivity, and similarly the efficient transportation of goods was essential for social well-being.  
 
Local jobs in agriculture were now inferior to jobs in mechanised factories, and people often had to 
travel significant distances each day to get to work. Improved personal transport saved people’s time 
and gave them a better quality of life, through improved family life and leisure time. 
 
Just as productivity was seen as good, raising people’s financial returns, speed was seen as good, 
improving people’s living standards. To keep pace with rising expectations, technology delivered 
faster and more capable transportation such as the canal system, the railway system, the automobile 
(cars, vans, busses and trucks), and the aeroplane. 
 
Normal market forces have been the main factor in this evolution, however new issues are forcing 
people and governments to stretch and re-appraise these systems. These issues include increased safety 
demands, increased cost and scarcity of fuels, congestion of the infrastructures etc. 
 
However, the fundamental needs of transport won’t change, although the relative priorities will. 
Transport studies show the relative magnitude of people’s travel requirements, such as; 
 

·  Travel to work 
·  Travel for shopping 
·  Travel to school / college / university 
·  Travel for pleasure / leisure activities 
·  Travel for business / commerce 

 
The relative percentages change by location, by times of economic growth or hardship etc. 
 
Similarly, studies identify the transport and distribution requirements of goods, and the factors that 
cause variances to this. 
 
This knowledge is obviously of fundamental importance in the creation or development of a 
transportation system for the future. 
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History of transport infrastructures 
 
The Romans realised, and a few civilisations before them, that putting effort into a transport 
infrastructure paid dividends in terms of speed, comfort and reliability of travel. They therefore built 
well recognised roads, with a significant structure to them, so that travellers (mainly the Roman Army) 
could maintain higher speeds, both through more direct travel and being able to maintain a higher 
speed of progress. The infrastructure was planned with the main aim of providing links between 
important locations with the minimum amount of road mileage, in terms of both infrastructural costs 
and regular commuting distances. This required a planned network, although inevitably it was added 
to as later requirements were established. 
 
There was a severe limitation to the maximum amount of people or goods that could be transported by 
horse and cart, however many horses were ganged together. Prior to the invention of tarmacadam, 
roads quickly became rutted and washed away, and then the available horse-power struggled to pull 
more than a modest load. 
 
Floating loads on water, using boats, gave a totally flat and smooth surface with little friction (inland, 
and at modest speeds). As inland rivers didn’t always go where required, canals were built to provide 
that function. Now, a horse could transport far more load, and hence productivity increased, 
significantly reducing the cost of goods, especially coal. 
 
The infrastructural costs of canals were high, with huge gangs of navigational operatives (navvies) 
being required. It is questionable as to whether this investment paid back before it was overtaken by 
the next infrastructural system to be established: the railway.  
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As each infrastructural system was superceded, it generally went into decline. Hence, the canals were 
abandoned, only recently being resurrected as part of the leisure and heritage industry. The railways 
were significantly cut back during the Beeching era. 
 
Not shown on the above chart is the very sudden and enormous growth in aircraft runways, created in 
1939. People are amazed at the amount of concrete China has been consuming recently in its frenetic 
growth; but contemplate how much concrete was used in building all the WW2 runways (and other 
defence structures). Many of these airfields have become today’s airports, as well as motorsport 
circuits, hardstandings for showgrounds and business buildings. 
 
Today, it is much harder to create new transport infrastructures. This is due to a combination of 
factors, such as:- 
 

·  An increased population, and shortage of available land 
·  A greater concern with the environment, and heritage 
·  A more vocal population, with the “Not In My Back Yard” philosophy 
·  Often, a feeling that it is only a temporary solution, and we’ll soon be back to where we were 

(eg in terms of congestion levels) 
 
For these reasons, it should be assumed that a new transport system of the future will not be created by 
massive compulsory purchases, and cutting vast swathes through our towns, cities and countryside. 
 
Instead, there are two options, mutually compatible, that need further consideration:- 
 

1) Separating ‘transport system’ from ‘transport corridor’ 
2) Applying intelligent control systems to maximum transport efficiency 

 
These will be discussed later as part of the potential solution elements. 
 
Transport studies – multi-modal approach 
 
Not only are there a number of different transport infrastructure systems, as discussed above, but there 
are often a multitude of vehicle systems on each infrastructure, particularly the road system. A typical 
road can have on it:- 
 

·  Pedestrians 
·  Cyclists 
·  Horses 
·  Motorbikes 
·  Cars 
·  Vans 
·  Buses & coaches 
·  Trucks 
·  Trams 

 
In short, it’s a nonsense, only existing because of centuries of ‘custom and practice’. Anyone inventing 
such a system today would be thought insane, yet it prevails. No-one dares touch this holy grail, 
imported from the Wild West; even when motorways were developed in the UK with a ban on 
pedestrians, cyclists and horses, they were a copy of Hitler’s autobahns. 
 
Anyway, we are where we are.  
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Over the years, many people have set up business to “sell transportation” to the masses. These can be 
people buying a few trains (when they get bored with the music industry), people buying a few buses 
or coaches, people buying a few taxis, or even buying a few bicycles to hire out. 
 
However, they all have one thing in common, they are only ever a part of the solution. 
 
Ever person has a unique journey requirement. We all live in different houses, we all have different 
jobs, we all have different families to visit etc, hence the popularity of personal (private) transport. 
Public transport on fixed routes at fixed times can only ever be an approximation to people’s 
requirements. However, with careful planning, there can be sufficient commonality of requirement for 
significant sections of each person’s journey to warrant commonisation onto a more efficient transport 
system. 
 
Public transport, if it can serve the needs of sufficient people, makes sense because:- 
 

·  It is, overall, more energy efficient 
·  It reduces congestion, as there are less individual vehicles involved 
·  It saves parking, and potentially the need for private car ownership 
·  It reduces accidents 
·  It allows people to use their journey time more productively 
·  It should be more cost effective for the consumer 
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Journey times should be equivalent or better on public transport, as:- 
 

·  Increasing car congestion deteriorates car journey times 
·  Modern technology assists public transport travel times 
·  Waiting time is minimised through timetabling and information technology 

 
There are many factors that affect the uptake of public transport, including personal safety / security, 
comfort, ease of carrying goods etc. However, as the private car is usually the milestone, the public 
transport alternative has to be compared on a cost and convenience basis for the whole journey, door 
to door. 
 
This can often mean a multitude of journey elements, such as : 
 

·  Walk and bus / tram 
·  (Car) Park and Ride 
·  Taxi and train 
·  Taxi and plane 
·  Underground and overground 
·  Etc, etc 

 
These are known as multi-mode journeys, and in the real world, most journeys are. 
 
Research can be undertaken to identify people’s needs and requirements of transport, and areas of 
commonality can then be aggregated to identify opportunities for both higher density and lower 
density transport solutions. 
 
Private versus public transport 
 
As mentioned before, there has been much market research undertaken to identify people’s views on 
the relative merits of public versus private transport 
 
Issues frequently raised include:- 
 

·  Journey time 
·  Frequency of service 
·  Convenience (distances from start and end of journey) 
·  Real time journey information 
·  Comfort / seating / over-crowding / cleanliness 
·  Feeling of safety / security 
·  Signage to find correct service 
·  Scheduling of individual services in a multi-mode journey 
·  Branding / image of service and service provider 
·  Fare costs / payments / ticketing 

 
 
In practice, many journeys are multi-modal, which includes a mixture of private and public transport. 
This can cause difficulties at the interface in terms of scheduling, information, access, etc. 
 
In practice, most people assess the pros and cons of each alternative, with their own weightings to the 
issues mentioned above, and based on that make a decision on what transport system(s) to use. In 
London, there is a relatively high level of public transport use. This is because private car usage is 
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relatively difficult, due to congestion, road pricing, parking etc, whereas public transport is relatively 
good, with the underground system as well as buses, taxis, trains etc. 
 
In remote parts of the country, the reverse is true. Public transport can be very limited, or even non-
existent, and so private transport may be the only option. 
 
In general, public transport is most prevalent where there is a strong regular demand for transport, and 
becomes weaker where demand is lower. That is certainly the case today, but should it be in the 
future? If a person living in a remote area is denied access to public transport, it also means that people 
living in populated areas are denied public transport access to remote areas. This will limit the ability 
to increase public transport uptake over car ownership, which is probably a necessity to improving the 
quality and cost-effectiveness of public transport. 
 
If public transport improvements are to be a part of the solution in the future, perhaps a new or 
additional public transport model is required. 
 
The ‘personal car’ and what it says about you – the bells & whistles 
 
Horse riding is now essentially a leisure activity, but there was a time when horses were a regular 
means of transport. Now, and probably in those days, horses all had names, and were a part of the 
family. They were rewarded with the odd sugar cube when they had pleased their master or mistress. 
Let’s back-pedal from here for a minute, and look at the similarities people have with the motorcar. 
Although a machine, and a means of transport, it sometimes gets a name from its owner, it is 
sometimes put in a garage, pampered every now and then, and personalised to reflect the owner’s 
wishes / characteristics / perceived status etc. 
 
Virtually every car is sold as part of a vehicle range, with the top of the range vehicle often costing 
twice the price of the basic model. In purely functional terms, the differences are not really that great, 
and in terms of transportational characteristics (eg max no. of people, journey times, running costs etc) 
the differences are even smaller. Yet people still buy the expensive model. Car ownership is therefore 
not just a transport thing, it is also a ‘status’ / ‘lifestyle statement’ thing. This is no surprise; car 
advertising is predominantly aimed at people’s vanities and insecurities. It needs to be recognised, as 
there is a danger that this can get in the way of developing an optimised transport system.  
 
Running alongside this is the need people have to determine their car requirements based upon very 
occasional requirements, eg once a year one might  need to tow a caravan, or once in a blue moon one 
may have the whole extended family in the vehicle. The fact that 90% of car journeys are made with 
only one occupant suggests a degree of transport inefficiency. 
 
Again, there is a whole industry established to categorise people by their psychological traits, and to 
target products to them. Whilst this needs to be recognised in developing solutions to the transport 
problems we have, there may need to be means to not allow the transport solution to be sub-optimised 
by this. 
 
Speed and competition – wanting the best for ourselves / our families – lessons 
from nature 
 
Speed seems to have a bad press today. It is synonymous with speed cameras, accidents, ‘boy racers’ 
and stressful hustle and bustle. Yet people complain of the time wasted in travelling. Unfortunately, 
speed and time are inextricably linked!  
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As mentioned earlier, our industrial revolution forefathers believed that speed is good, and in reality, 
most people want their journey times to be reduced, whether it’s long haul flights to holiday 
destinations or the regular commute to work and back.  
 
It is true that there is a difference between average speed and peak speed, and so the simplistic 
statements above need qualifying. With typical fluctuations in journey progress, it is possible to both 
reduce both speed and time, by smoothing out the journey and reducing static periods. This has been 
shown on motorways such as the M25 and M42 with real-time speed controls. 
 
Life is competitive, whether in the animal kingdom or the human world. The fastest tiger catches its 
prey, the slowest goes hungry. In the workplace, productivity leads to cost effectiveness and 
commercial success. All of this requires speed, and the elimination of unproductive time wasting. 
During the Victorian era, the UK led the world with mechanisation and industrialisation. This 
enhanced our productivity, and secured wealth for the country. Nowadays, other nations are becoming 
as good as, if not better than, the UK at producing things.  
 
Innovation and creativity are required to design and make things that the world wants. This will 
provide the demand that can then be translated into business, commerce, and wealth for ourselves and 
our children. Competitive pressures will ensure that we need to be productive, and a part of that is 
having an effective and efficient transport system, for both people and freight. 
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3.  DETERMINING  TRANSPORT  REQUIREMENTS  
 
 
Obviously the first step in determining an optimised transport system has got to be the identification of 
transport requirements. This is complicated by a number of factors:- 
 

·  Requirements change with time, for example modern technology now allows more working 
from home. 

·  Globalisation offers more opportunities, such as having otherwise seasonal food all year round, 
by transporting it all around the world 

·  Relative living standards between various countries allows for cheaper products and holiday 
destinations 

·  There is a certain amount of ‘elasticity’ to people’s transport requirements, for example going 
to work may well be a firm necessity, but going out socially may well be determined by 
immediate personal finances. 

 
A number of Universities, such as Cardiff and Leeds, have well recognised Transport Studies 
Departments. Sometimes these are an annexe to the Geography Dept, sometimes an annex to the Civil 
Engineering Dept, and sometimes an annexe to the Annexe Dept. Logically, it might be expected that 
these institutions, or others, might have defined people’s requirements of transport. Unfortunately, the 
normal method of understanding requirements is to record what people currently do. However, if 
today’s transport systems are inadequate, and today a poll reveals that transport is rated as the UK’s 
worst public service, then inferring requirement from current usage is significantly flawed. 
 
 

 
 
 
The government has made it a requirement that Local Authorities develop an annual Local Transport 
Plan (LTP). The above chart comes from the West Midlands plan, showing peak hour movements by 
both bus and car. Again, this is usage in the current transport paradigm, rather than actual requirement, 
from which a new paradigm could be constructed. 
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The best definition I have seen of true transport requirement was a report published from a study in 
Holland, about twenty years ago, that did define the travel requirements of a sample of people in a 
particular locality. It defined parameters such as:- 
 

·  Purpose of journey 
·  Number of people 
·  Amount of luggage 
·  Time of day 
·  Destination / journey distance 
·  Elapsed time before return 
·  Frequency of journey 
·  Importance of precise arrival time 
·  Requirement for use of time whilst travelling 
·  Requirement for navigational assistance 

 
 
TBC 
 
Factors likely to change demand 
 
It is important to understand not only today’s level of transport demand, but the reasons behind any 
growth in demand, and factors that might reduce the demand in the future. 
 



 17 

Video conferencing was cited as a key technology that was going to significantly reduce the need for 
business travel. Whilst it is used by a number of large international companies, such as Ford, there are 
many business needs that still require face-to-face meetings, especially at the early stages of 
establishing business relationships. 
 
Social networking sites such as Facebook, have captured the imagination of many, particularly the 
young. This removes the time and cost of travel, whilst keeping in touch with friends 24/7. If these 
social arrangements continue as the younger population grow older, it will increasing have an 
increasing effect on transport requirements. 
 
Similarly, internet shopping is changing people’s transport requirements, and a dedicated store 
delivery service is more efficient than individual personal collections of shopping items. 
 
Lifestyle changes will obviously change transport requirements, although this might be in either 
direction. The increased health and mobility of the elderly, the increased competition for jobs and need 
for higher personal qualifications and training, and changes in availability and affordability of leisure 
activities such as holidays, will all affect transport requirements. 
 
It is therefore necessary to overlay predicted social change factors on to today’s true transport 
requirements to derive tomorrow’s transport requirements as a basis for transport planning. 
 
 
Pyramid of requirements 
 
In the car industry, it was normal to translate customer requirements into a pyramid, or hierarchy of 
customer needs. This requires fairly detailed market research information, and specialist skills to 
determine what is most important and to then determine that at a statistically valid level. 
 
Although there is insufficient data available through the DfT’s online database to perform this 
analysis, it is recommended that such a study should be conducted, as everything downstream is based 
upon assumptions of customer requirements. 
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4. TRANSPORT  INFRASTRUCTURES 
 
 
Mention was made earlier of the history of our infrastructures. The canals have generally been saved 
from dereliction, but serve as a leisure pursuit rather than a modern day transport system. Railways are 
strategically very important, although they carry only a small percentage of daily travellers (currently 
at 7%). Roads are by far the country’s main transport infrastructure, carrying 68% of domestic freight 
and 92% of personal miles travelled. Some freight is carried by boat, and some by pipelines, such as 
liquid and gaseous fuels, and of course water and sewage. 
 

  
 
Currently, the UK has as infrastructure:- 
 
       Kilometres  % change (last decade) 

·  Motorways     3,559    5.0 
·  Major roads     50,302    1.1  
·  Minor roads     344,577   1.8 
·  Footpaths     n/a    n/a 
·  Cycle tracks     n/a    n/a 
·  National Rail     14,484    -3.7 (decrease) 
·  Light rail     294    42.2 
·  Waterways     n/a    n/a 
·  Canals      n/a    n/a 
·  Airport runways    n/a    n/a 

 
For comparison, the UK population is now 61 million, and increased by 3% over the last decade 
 
Comparing the UK’s trunk road network to the rail network leads to the obvious conclusion that there 
are broad similarities. This is hardly surprising, as both networks are strongly influenced by population 
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distribution, they had to contend with the same landscape geography, and the networks were set up 
essentially in competition with each other. 
 
 
Transport corridors versus transport system 
 
It is very easy to classify a transport infrastructure, and ignore the fact that there are two distinct 
aspects to it, namely its geography in terms of where it starts and finishes and the route it takes, and 
the nature of the system, ie whether it is a tarmacadam surface, a set of rails, or a big ditch full of 
water. 
 
Revisiting the chart above, it is interesting to note that when one system started to replace another (eg 
canals to railways to motorways) the earlier redundant systems tended not to be re-used, but were left 
unused. Occasionally, a rail line might follow beside a canal for a while. Nowadays, a small 
percentage of the miles of disused railway lines are being made into walkways or cycle ways, and of 
course canals are being preserved as a leisure industry. In general, though, it is a waste of a national 
asset. It is encouraging that Birmingham is contemplating re-opening some of its older suburban 
railway stations as part of its transport plans. 
 
In the past, it was not unusual to change systems along a particular corridor, or even to have a mixture 
of systems. An example is the tramways that were put into city centres roads in the past. Blackpool is 
famous for still having its electric / zero emissions tram systems of old, but many cities used to have 
them. Arguably they were a solution at the time, but they became redundant in the 1950s or 
thereabouts. To be effective, they really needed their own designated space, which tended to happen 
slightly more away from the town centres, where they often ran up and down the central reservation of 
a dual carriageway. However, at the time, there were safety issues with the lack of traffic management, 
and these issues effectively killed off the trams as traffic density increased on the roads. 
 
However, the philosophy of multiple systems on the same corridor is not dead. Modern tramways are 
being re-introduced, for example in Manchester and on the Birmingham to Wolverhampton route. 
Also, in some centres, such as Leeds, a special dedicated bus-way is being trialled, so that buses can 
run a mixed system of normal road and self-steered trackway at busy locations, to improve public 
transport journey times and hence uptake. In 2010, a 25km guided bus route will open along the old 
rail route in Cambridgeshire. 
 

       
 
The biggest opportunity for infrastructure development has got to be the adoption of sophisticated 
intelligence, or telematics. Everything in today’s world has been improved by the addition of 
electronic control systems, whether it’s a watch, a camera, a car, domestic heating system, or buying 
food at a supermarket. Why, then, is transport still in the dark ages? 
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So far, the tentative steps have been:- 
 

·  Interlinked traffic lights to manage traffic flow 
·  Information signs on motorways (but not always timely or helpful) 
·  Individual Sat-Nav systems and congestion warning systems 
·  Local radio stations and RDS 
·  Congestion charging in London, which has generally been accepted, as most people use public 

transport anyway 
·  Attempted road pricing as a means of timetabling demand (but seen as simply another tax, as 

witnessed in Manchester recently) 
·  Toll roads / bridges (make the user pay, which is moving away from a national infrastructure to 

localised isolated solutions, and losing the ‘joined-up big picture’) 
·  Localised trials of new initiatives (which is fine) but no integrated national roll-out plans 

 
Nodal Points 
 
Every infrastructure has nodal points, which is where there are junctions, intersections, or stopping 
points such as railway stations or bus stops. Nodal points are necessary so that a number of elements 
can be made into a network, and also so that people can access the system. 
 
However, nodal points often cause disruption to the smooth flow of transport, particularly at times of 
high transport flow rates. There are techniques to try to minimise this, such as:- 
 

·  Using slip-roads or the like, so that traffic using the node does not cause disruption to traffic 
not using the node 

·  Designating and using ‘through - routes’ (by-passes) that are separate from more local routes 
·  Having two sets of rails, one for regular stopping, one for ‘intercity’ 
·  Traffic management ‘traffic lights’ that interconnect adjacent nodes, to give ‘flow 

management’ 
·  Introducing ‘No right turn’ / ‘one way systems’ etc to improve flow 

 
At a higher level, nodal points allow the interconnection between different transport systems, eg park 
and ride, railway car park etc.  
 
Nodal points are important to understand and analyse, as they have a significant effect on both journey 
times and energy usage, when the traffic has to stop and start, or decelerate and re-accelerate. 
 
Another important aspect of node points is understanding and improving the effectiveness of system 
interchanges, such as bus to train, car to bus or train (‘park and ride’ systems) etc. Often, these 
interchanges are less effective than they should be, due to the change in system ownership and the 
interchange point ‘falling between the slats’. For example, a railway station that gives no consideration 
as to how its train customers are going to get to / from the station is obviously a nonsense. To 
maximise multi-modal transport, it is fundamental to improve nodal interchange effectiveness. 
 
Infrastructural Improvements 
 
Repairs & upgrades 
Technological improvements 
Disruption during repairs 
 
TBC 
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Infrastructural failures 
 
Accidents & congestion 
Signalling faults 
Weather induced problems 
‘Wrong type of leaves’ 
Structural degradation & need for repair 
Design life and design throughput rate 
 
TBC 
 
The Future 
 
A few ‘givens’ can be made even at this early stage of this book :- 
 

·  Increasing the miles of transport infrastructure to keep pace with demand is not going to 
happen. The population keeps increasing, the amount of usable land space keeps decreasing, 
and everyone has a more vocal NIMBYism 

·  A wholesale change of infrastructure from one system to another cannot happen overnight. 
Even though the Swedes managed to change nationally from Right Hand Drive to Left Hand 
Drive overnight, any change here will have to be progressively implementable 

·  The transport solution can only happen by increasing  throughput and effectiveness of our 
current infrastructural systems.  

 
This will require:- 
 

·  Greater integration between the various infrastructural systems 
·  Greater throughput through each system, by the use of intelligent control systems 
·  The vehicles that use these infrastructural systems will need to evolve to suit these changes 
·  Changes to conventional demarcations between private and public transport 

 
The opportunity for developments to the infrastructural system will be discussed in more detail in 
‘Chapter 10 :- Proposed Areas for Improvement’ 
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5. SOURCES  OF  ENERGY AND  THEIR  SUSTAINABILITY 
 
 
It is pointless to contemplate how to improve the transport system without taking a fundamental 
review of its energy requirements. People and goods all have a certain mass associated with them, and 
to move them from one location to another therefore requires energy that fact is inescapable. What 
needs to be contemplated, therefore, is:- 
 

·  How to minimise the energy requirement, whilst maximising the transport effectiveness 
·  What energy type(s) to use, bearing in mind sustainability 
·  How to get the energy to where it is required, at the rate it is required 
·  How to minimise the consequences of using that energy, in terms of emissions (chemical, 

noise, visual etc) 
 
 
Basic natural sources of energy 
 
Available on this planet are the following:- 
 

·  Oil 
·  Coal 
·  Natural gas 
·  Wind energy 
·  Wave and tidal energy 
·  River flow / waterfall 
·  Solar energy, including photovoltaic and direct heating means 
·  Animal exertion (muscular effort) 
·  Human exertion (muscular effort) 
·  Gases from food waste / landfill / animal waste 
·  Volcanic gas and heat 
·  Nuclear / atomic 
·  Geothermal sources 

 
 
 
Different countries have different amounts of these natural resources, and there is a significant trade in 
them. As some of these energy sources are finite, the companies or countries involved are making 
commercial (or political) judgements as to how to maximise their value and longevity. This brings in 
the ‘supply and demand’ factor, as witnessed recently when the cost of oil fluctuated between $40 and 
$150 per barrel. 
 
Similarly, there has been much press coverage of the gas pipeline from Russia to Europe via the 
Ukraine, and the volatility of the gas price and delivery. 
 
Obviously, these energy sources are used not just for transport, but also for industry and domestic 
purposes, and it is not unknown for there to be discontinuity of supply, even when the control is totally 
within this country, eg; petrol rationing, miner’s strikes, three-day  week etc. 
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  World Energy Consumption and its Change over Time 
 
 
In the UK, the main energy sources have been coal, gas, and oil, and largely they still are. Coal has 
been declining in use, oil is increasingly imported, nuclear forms a significant part, and renewables are 
a small but growing part. This is shown diagrammatically below. 
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  UK Energy Composition and its Change over Time 
 
 
 
 The current UK energy picture is complex, as:- 
 

·  There is a mixture of indigenous and imported raw energy sources 
·  Some energy is converted, or refined, from one energy type to another 
·  Energy is expended in energy form transformations 
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·  Energy is also expended in distributing energy from one location to another 
·  Some energy is used for non-energy purposes, eg petroleum for the manufacture of plastics 
·  Different types of energy are used by the main end users (domestic, industry & transport) 
·  Some transport use is to move energy from one location to another. 

 
 
This complexity can be best seen in the BERR following page chart, showing the energy flow, the 
energy utilised during the various stages, and how it is finally consumed by the various end users. 
Although the units used are in ‘million tonnes of oil equivalent’, these can be multiplied by 11.63 to 
give TWh. 
 
From this, the following deductions can be made:- 
 

·  Energy provision efficiency (final consumption / total energy inputs) = 164.6 / 333.4 = 49.3% 
 

·  UK energy self sufficiency (indigenous energy / total energy inputs) =  182.6 / 333.4 = 54.7% 
 

·  After allowing for energy exports, the energy provision efficiency (final consumption / primary 
supply) = 164.6 / 235.9 = 69.7% 

 
·  Power stations have conversion losses. Therefore their efficiency is (energy output / energy 

input) = 36.3 / 87.9 = 41.3% 
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Overview of UK’s energy supply and usage 
 
The UK in 2007 had a total energy supply of 236 million tonnes of oil equivalent, which equates to 
2745 TWh. 
 
Energy was consumed by final user as below :-   
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The input energies for this total demand are as follows :- 
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Traditional Energy Sources 
 
 
Oil supply and use of petroleum products 
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The 2007 UK’s oil demand is running at figures of 81 million tonnes /annum equivalent to 942TWh 
and the bulk of oil imported as crude is used by refineries to manufacture transport fuels (petrol 22%, 
diesel 35%, aviation fuels 17%), the remaining percentages are used for burning oils (4.6%), 
petroleum gas production (9%), fuel oils (4.3%)and other products (7.4%).  
It is concluded that the bulk of oil is converted to transport fuels (68%) which has the equivalent 
energy value of 622 TWh, with the remaining percentages going to Industry (8%),Transformation and 
Energy industry use (7%) with Domestic use at (4%). There is quite a heavy non-energy usage of oil 
products at 13%. 
 
Oil is only used as a back-up fuel for electricity generation to help cover peak demands and as such 
has a carbon footprint under the Life Cycle Inventory standards of 650g CO2/kWh. 
 
This analysis shows that if oil consumption for transport can be drastically reduced, it will be possible 
to continue manufacturing oil-based products such as plastics for many more years than is apparently 
possible today. 
 
World oil consumption is 3485 million tonnes /annum, equivalent to 40.5 PWh (1012 kWh), with USA, 
China, Russia and Japan being the highest consumers. UK resides in 13th position in the world behind 
Brazil, Mexico, Italy and France. 
 
Oil reserves still available to the world are estimated at 1331756 x 106 barrels. With 1 barrel equivalent 
to 1.647MWh of energy, this means that at the current rate of consumption, reserves will run dry in an 
alarming 54 years time. 
 
The UK’s own reserves (29th place in the world) amount to just over 1% of the largest remaining 
reserve in Saudi Arabia and would provide sufficient energy for UK use amounting to 6.3 years at the 
current rate of consumption, so we will need to continue to import all our oil or find alternative, more 
secure, supplies of different energy types very quickly. 
 
 
Coal supply and use of coal products 
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The total UK demand for coal is 62886 thousand tonnes which is equivalent to 512TWh of energy. 
96% of this demand is used for energy transformation and energy industries with other industry and 
domestic users making up for the remaining 4%. 
 
26% of UK’s coal requirement is served from the six remaining UK major and ten small and medium 
deep mines and from the 29 UK open-cast mines. 69% of the UK coal requirement is currently 
imported. 
 
Using the accepted Life Cycle Inventory calculation, coal has the worst carbon footprint at 1000g 
CO2equiv./kWh. Although there are no operational plants in the UK, this figure can be reduced to 
<800g using a coal gasification process. 
 



 28 

Another method of reducing the coal-fired power station carbon footprint is being used experimentally 
in the UK at the Yorkshire Drax plant which is co-firing coal with biomass where 2.5 million tonnes of 
pulverised biomass is co-burnt to produce 500MW. 
 
Other methods of improving conventional power stations are being planned, with one London plant 
being connected via 20km water pipes to domestic, public and commercial buildings to enable 
otherwise waste water heat being discharged into the Thames. It is calculated that the 115oC water can 
save 100k tonnes CO2 and represents 400MW energy usage. 
 
Because the UK has a high electricity demand from coal-fired power stations, which are inherently 
“dirty” from an environmental aspect, they lend themselves to the evolving technologies being 
considered for Carbon Storage and Sequestration (CCS). 
 
The UK is being granted EU funding for the consideration of eleven CCS projects,  including a 
300MW, 2bn Euro demonstration plant to pipe flue CO2 to defunct gas/oil field locations under the 
North Sea. 
 
World coal reserves at the end of 2004 stood at 522452 million tonnes, with Rumania, Australia, 
China and Turkey having the largest reserves. The UK stands in 6th position with proven resources at 
23473 million tonnes, above France and the USA. 
 
At the current UK rate of consumption this could give 373 years of self-sufficiency, but from a world 
perspective it is estimated that reserves will run out in 150 years due to the increasingly heavy demand 
for coal in China and India and the greater costs for extracting more difficult reserves. 
 
 
Gas supply and use of gas products 
 
Total demand was 1059 TWh 
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Natural Gas (NG) as an energy form is the most abundant in the world and new exploration is still 
finding further reserves. Biomethane production will produce gas of the same quality and is potentially 
extremely plentiful and low in GHG emissions. Together these two sources of energy must be very 
carefully managed to ensure a security of supply. Some sources calculate that half of the UK’s gas 
energy demand could be met from biomass sources. 
 
The total UK natural gas demand is 1059TWh, of which 42% is used by the energy transformation and 
energy industries (mainly to electricity) with domestic and other industries making up the large 
proportions of the differences at 33% and 13% respectively. 
 
The carbon footprint of fossil-derived NG power stations, according to agreed lifecycle inventory 
standards, is circa 500g CO2 eq./kWh, which is about half that of coal-fired power stations. Biomass 
co-firing can improve this rating. Carbon storage and sequestration plants, as with coal-fired, will help 
reduce the carbon emission figures, potentially up to 90% of current values. 
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Of Natural gas, known world reserves (assumed at standard 17bar ) stand at 543626029616TWh, and 
the UK reserve of 1277200TWh is at 34th place in the world and means that at current rate of 
consumption the UK could be self-sufficient for 1200 years. 
 
The 2008 UK Energy Act calls for reliable sources of imported gas to meet up to 80% of demand 
required by 2020. 
Currently the UK imports gas (30% of total needs) from Belgium, Netherlands and Norway and also in 
LPG form, but also exports gas to these areas via high pressure pipelines (up to 100bar). 
 
Europe’s largest reserves are in Norway (at 17th place in the world) and this has five times the UK 
reserves, so it will become increasingly difficult to be assured of politically reliable supplies from the 
world’s leading reserve fields of Russia, Iran and Qatar down to Iraq and Kazakhstan in 8th and 9th 
positions and all holding vast reserves compared with a currently “safer” Europe. 

 
It is, therefore, very important that the UK invests heavily in the provision of all forms of Biomethane 
production (reported elsewhere in this paper) to meet the long term demands for this most useful 
energy format where grid distribution infrastructure efficiently and reliably exists to supply power 
stations, industry and domestic properties alike. 
 
It also makes sense to consider smaller scale micro-generation (CHP)of heat and electricity from the 
gas network for individual dwellings, townships and industry with a mixture of locally produced 
Biomethane and grid-supplied NG, thus increasing the conversion efficiencies and reducing the need 
for a larger electricity grid infrastructure and attendant distribution /transmission and visual losses. 
Home CHP units are under development in the UK with view to supplying 1.5 million boiler 
replacement units by 2015 (30% of the UK replacement market) and these will provide over 90% 
efficiency with conversion to 3KW electricity and 15/18KW heat (sufficient for a family of 4) and will 
save 30% from energy bills and a large carbon emission reduction too. Coupled to a thermal store, the 
heating energy element will provide up to 25KW. 
 
NG powered vehicles are currently rare within the UK, but are very apparently growing in other 
countries and can contribute to a large reduction in g CO2/km in trucks and buses (circa 30%), again, 
they are able to make use of the existing grid using local biogas and supplied NG. 
Currently the UK has only 448 NG powered vehicles compared with a world total of over 7 million. 
The European leader is Italy, with 433000 vehicles on the road. 
 
 
Electricity demand 
 
Demand was 400 TWh 
 
Energy type used to manufacture or generate this demand was 985 TWh 
This was shared as follows; 
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Efficiency of generation and supply in terms of Demand / Supply = 400/985 = 40% 
Nuclear power stations 
 
Nuclear power stations have been operational in the UK since 1956, with the commissioning of Calder 
Hall. Now, nuclear energy accounts for approximately 20% of UK electricity (compared to over a 
third in Europe). 
 
The process uses uranium (or more recently plutonium) which is split by a neutron, and starts a chain 
reaction. This reaction is controlled by other materials, which soak up excess neutrons and stabilise the 
reaction. 
 

 
The split atoms create a radio-active waste, which has to be carefully handled and disposed of. 
 
The heat produced is used to heat water into steam and power a turbine generator, similar to the 
downstream process in a coal or gas fired generator. 
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The power station uses approximately one tonne of uranium fuel to produce the same amount of 
electricity as would 20,000 tonnes of coal. 
 
Plants are distributed around the UK, as shown below. 
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Info courtesy of Error! Hyperlink reference not valid.   
 
                                                                                      
Human and Animal Power 
 
These form the very earliest forms of motive power. Human power gave way to horse power, once 
mankind managed to trick the poor unsuspecting horse into a life of toil. Measurements showed 
conclusively that the horse could continuously provide one horse-power of power. Converted into 
metric units, this equates to three quarters of a kilowatt. This comfortably exceeds the tenth of a 
kilowatt that the typical humanoid can produce. 
 
In the UK, with a population of 61 million people, there is therefore approximately 6 MW of human 
power available, if everyone was pedalling together (probably slightly less, as babies are a little less 
powerful, and find it difficult to maintain focus). 
 
In a regime where human effort is demanded (eg jobs of old), and assuming an eight hour day, five- 
day week, 48-week year, then the human resource equates to 11.5 GWh of annual energy available. 
 
Assuming a peak horse population of old of around three million, the annual horse resource equates to 
approximately 4.3 GWh of energy available. 
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To power these beasts (equestrian or otherwise) requires food. A typical equivalence is that:-  
 

Beast Daily food input reqd Useful daily energy 
output 

Total daily 
energy output 

Overall 
efficiency 

Humanoid Approx 4,000 Kcals Approx 1 kWh Approx 4.5 kWh Approx 22 % 
Equestrian  Approx 6 kWh   
 
The intestine cannot completely convert food into energy. As a guide, the energy extraction from food 
is approximately:- 
 

·  16.7 KJ (4 Kcal) per gram of carbohydrate or protein 
·  37.7 KJ (9 Kcal) per gram of fat 
·  29.3 KJ (7 Kcal) per gram of ethanol 

 
(Human dietary and energy data from ftp://ftp.fao.org/docrep/fao/007/y5686e/y5686e00.pdf ) 
 
Food can be converted to stored energy, in the form of fat. This is effectively a form of battery. 
Camels are famous for being able to store enough energy and water to allow them to cross the desert.  
 
With the increase in automation, and hence decrease in the need for human energy output, more of the 
human’s daily input is being stored in its ever increasing battery size. Unfortunately, with inactivity, 
the batteries become inefficient at re-creating energy, and they deteriorate into being simply extra 
ballast. 
 
Animals seem to have a better regulatory system, so that this situation rarely arises (except when 
humans promote it in pets). 
 
 
New Energy Sources 
 
Wind generation (0.5% of UK’s electricity generation but rising rapidly) 
 
The UK’s large investment in wind farms has rapidly increased its standing in worldwide wind power 
production to a 4th place position now, in front of Denmark and behind the leaders Germany, Spain 
and USA. 
 
The latest figures show that the UK has a capability of 3302 MW from 209 operational on and off-
shore (32) farms. 
Under construction there are another 40 farms (595 turbines) with a capacity of 1694 MW 
A further 129 farms (2070 turbines) with a capacity of 7169 MW are at the consented stage of 
planning agreement. 
The farms in these statistics cover single onshore turbines of 0.85MW to the planned London Array 
offshore farm which will have a capacity of 1000MW from 271/341 turbines with up to 85+ metres 
diameter and 100+ metres high towers. 
When these phases are completed this will give a capacity of 12165 MW, serving the equivalent of1.5 
million homes. 
 
The UK government strategy is to install 29GW of windpower by 2020 in order to help meet the EU 
target of 15% from renewable sources. Significantly more farms are, therefore, in the early planning 
stages. 
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Government calculations show that for the whole wind turbine lifetime including energy expended in 
processing of raw materials, manufacture, transport and construction, wind turbines have one of the 
lowest carbon footprints at 4.64 to 5.25 gm CO2 equiv./kWh for onshore and offshore farms 
respectively. 
The payback for an average farm for the energy expended in its manufacture will be three to ten 
months or thirty times more energy produced than was used over the lifetime. 
 
In terms of CO2 reduction, it is taken that for the complete energy source/generation mix in the UK 
that 430gm/kWh are emitted. 
 
For wind power, the emission reduction of CO2 (tonnes) = A x 0.3 x 8760 x 430 /100 
                                                                      (where A is the rated capacity of wind energy in MW 
                                                                      0.3 is a constant due to wind intermittency and losses 
                                                                      8760 is hours/year.) 
 
Therefore, a typical onshore 2MW rated turbine will save 2260 Tonnes CO2 / annum. 
 
Electricity produced = B x 0.3 x 8760 
                                                                      (where B is the rated capacity in Kw) 
 
On average a typical onshore 2MW rated turbine will produce 5.3 GWh. 
 
In perspective, this means that a typical turbine producing 5.3 million kWh /annum provides power for 
1000 homes and prevents the emissions of 2000 tonnes CO2, or the equivalent of taking 667 cars off 
the road. 
 
However, constant wind in a relatively small velocity range can only be accommodated by wind 
turbines in order to generate rated power and at an operational efficiency of only 30%, many 
installations are needed and often -  a not-talked-about requirement to develop efficient storage 
systems to prevent nil-wind blackouts. 
The Electricity Storage Association is lobbying for R&D funding to cover this area of shortfall in the 
plan. 
These areas will consist of pumped hydro, batteries, flywheel and compressed air or hydraulic systems 
to enable storing energy between off-peak and peak periods and for stabilising short term fluctuations. 
These can also help to reduce fossil fired generation in these balancing periods. 
 
 
Tidal and Wave power electricity generation (represents a tiny percentage of UK’s electricity 
generation only) 
 
Using the lifecycle inventory calculation, these devices emit most CO2 during the manufacture of 
structural materials, such that the carbon footprint is given as 25-50 g CO2 eq/kWh … a similar figure 
to PV generation. 
 
There are many schemes at the planning and early implementation stage in the UK, with the largest 
being within the strong Pentland Firth tidal stream where it is expected that 700MW can be generated 
by 2020. 
 Another ambitious scheme is the Severn barrage plan, where it is estimated that 17TWh could be 
generated, or an equally large plan to produce 20TWh from a Severn 12 mile tidal reef scheme which 
could generate for longer periods of time than only through the ebb tidal flow planned for the barrage. 
The barrage would require 200 turbines (single direction) using a 3m mean water level difference and 
could sporadically produce up to 5% of the UK electricity requirement. 
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Many different designs of tidal and wave power generators are being worked on, from giant undersea 
“wind” turbines capable of generating up to 100MW from an array, to large snake-like surface 
machines which use wave undulations to pump fluid via hydraulic motors to drive generators. One 
such scheme in Portugal can generate 2.25 MW from three 140m sections, and Power buoys are being 
trialled in Spain and achieve 1.39MW. 
 
An interesting design has been via a wave power machine integration with an offshore wind turbine, 
where 50m diameter paddles rise and fall with the waves to enable hydraulic transfer to a motor 
/generator capable of providing 500kW to a common electrical distribution cable. 
 
Government sources suggest that by 2020 the UK could be producing 2GW from tidal stream 
generation - a small amount compared with the 32GW wind power plan, although potential suppliers 
of underwater designs think that the UK could generate 18GW from tidal installations to include 
thousands of underwater turbines in many locations around the UK. 
 
 
Solar generation (insignificant percentage of UK energy currently produced) 
 
Solar energy recovery can be split into three types. Photovoltaic cells which convert the sun’s 
radiation directly into electricity, Solar heating panels which heat a heat-transfer fluid for onward use 
in water heating plants mainly for domestic use, and Solar reflectors which can track the sun during 
the day to focus the radiation on to a heat transfer focal point enabling steam to be generated to power 
a turbine/generator and/or provide heating to buildings. 
All have best locations in sunny climates and, of course, only generate during daylight hours. 
 
For photovoltaic cells the manufacturing carbon emission cost is quite high, due to the high energy 
requirement for extracting the silicone used in the cells. 
Using the Life Cycle Inventory carbon footprint calculation, these products will be emitting           58g 
CO2 /kWh. 
 
The next generations of PV cells will use thin film technology and also semi-conducting materials and 
organic cells are under development as are with nano-rods, which will reduce the manufacturing 
emissions significantly from 58g CO2 as well as improving the radiation conversion efficiency and 
giving a wider temperature range of operation. 
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As part of the European renewable energy objectives, it has been suggested that 12% of Europe’s 
energy needs to be supplied by solar energy by 2020. PV cells currently lose efficiency between 7 and 
15% for every 100 C above ambients of 220 C, so are best in cooler but sunny climes. 
 
Due to the poor inherent efficiency of today’s cells, the area of panel is very large for relatively small 
electricity generation. Typically 16m2 is required to achieve 2kWp equivalent to 1660kWh during 
summer. Costs are also high for a panel at 120wp/m2  the purchase cost is over £850. Assuming that 
the sun’s radiation in the UK is capable of achieving 20W/m2, and as UK electrical 
consumption/person averages at 750W, if 12% of the need is to be supplied by PVs, then 5m2 

PV/person would be required. The advantage of PV installations is that when there is a large south 
facing 30 degree sloping roof, excess power generated can be fed back to the grid for the cost to be 
credited. 
 
Solar heating panels are highly efficient and have very low LCI carbon footprints and will have high 
conversion rates of solar radiation to a pumped heat transfer fluid and in the UK can provide 50/60% 
of yearly household hot water requirements. Typical installation costs are £4500 for a 4.5m2 panel set 
providing 1050kWh/m2. 
 
Large solar reflector type installations probably have no place in the UK due to the need for prolonged 
and consistent high temperature solar radiation. Most installations use parabolic troughs with a solar 
film, such that reflected radiation impinges on a focal point heat exchanger carrying an oil flow (up to 
4000 C) to a steam heat exchanger for onward electricity generation. ABB are constructing a solar park 
in Spain with 1248 parabolic mirrors providing 50MW from 510000m2. Other schemes are being 
planned elsewhere in suitably sunny and hot locations in the world. 
 
It is clear that all three forms of solar collector technology are required to be developed and fitted to all 
properties in the case of PV and Solar heating panels, and that large Solar Parks are required in the 
most appropriate geographical areas and these will need connecting to an efficient grid system. 
Only the first two technologies should be developed more in the UK, particularly new and more 
efficient PV technologies. 
 
Bio-Methane 
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A significant amount of methane is produced from waste product decomposition. This includes waste 
food, waste vegetation from agricultural processes, and animal slurry. Normally, this methane simply 
goes into the atmosphere, where it is a more harmful greenhouse gas than carbon dioxide. However, 
facilities have now been developed to capture this gas, and to pressurise and store it so that it can be 
used as a fuel. 
 
Although still in its infancy in the UK, in places like Germany and Sweden it is relatively well 
established, and the bio-methane is used to help power buses and trucks. 
 
The vehicles are basically diesel powered, but with the bio-methane added to the air intake system. 
This reduces the amount of diesel required. These vehicles are available commercially in certain 
countries. 
 
It has been estimated that there could be sufficient bio-methane in the UK for all trucks and buses to 
be bio-methane powered. This would not only save a considerable amount of imported crude oil, but it 
would also reduce green-house gas emissions. 
 
Bio-Fuels 
 
It is possible to make a substitute for both petrol and diesel from various grown crops and 
algae/seaweed. Diesel fuel is actually a light oil, and some alternative oils will work in a diesel engine. 
These include vegetable oil, such as that  made from rape seed. There has been press coverage of 
people running their diesel-powered vehicles on cooking oil, either new oil or recycled after having 
cooked many portions of fish and chips. 
 
This is fine for a small band of eco-warriors using otherwise waste vegetable oil, particularly as Dick 
Strawbridge can use his moustache to filter out the fish-bones as he puts the recycled cooking oil into 
his Land Rover, but the arable land equivalence needs to be considered,  if crops are to be especially 
grown for vehicle fuel. Apparently, the area of land required to produce enough bio-diesel to fill up a 
4x4 once is sufficient to feed a family for a year. Once the world’s population gets to the point where 
arable land is at a premium for food production, filling up with bio-diesel will require an 
extraordinarily thick skin.  
 
Alternatives for petrol have been around for some time, particularly in South America. Petrol engined 
vehicles will run on methanol and / or ethanol, with certain minor modifications. This can be made 
from various crops, including sugar beet and sugar cane. The sugar is distilled, much as in the brewing 
industry. Where land and crops are plentiful, food demand is low, and importing crude oil is 
prohibitively expensive, it can make sense. Currently, it is used in fuel blends, mixing bio-fuels with 
fossil fuels in various percentages, to eke out the fossil reserves. It also has the benefit of reducing 
harmful emissions, as the bio-fuel has a higher hydrogen content, and therefore produces lower CO2  
outputs. 
 
 
The big hope for the future – nuclear fusion 
 
Current nuclear power stations work by nuclear fission, ie breaking down of large atoms. The sun 
works by a process called nuclear fusion, where small atoms combine. 
 
Hydrogen atoms combine to create Helium, with a loss of mass that is converted into energy, 
according to Einstein’s equation E=MC2.  By this means, one gram of mass can be converted into the 
equivalent energy of one Hydrogen bomb. The sun converts mass at the rate of 4 million tons per 
second. 
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In America, research is based on two competing forms of excitation, either plasma or laser. Plasma is 
more established, but laser could be more commercial if it is technically feasible, which should be 
known ‘in a few years’. 
 
Research is also taking place in the UK and France, and the stakes are high, as a successful fusion 
system will create enormous amounts of ‘clean energy’ without the radio-active waste side-effects of 
current nuclear fission power stations. However, we are still a few decades away from commercial 
reality. 
 
Sustainability 
 
Globally, energy demand is ever increasing. The world’s population is increasing steeply, life 
expectancy is increasing, and developing nations are demanding more ‘westernised’ standards of 
living.  
 
Currently, we use the world’s resources at a rate that is between two and four times the rate that the 
planet can sustainably provide, assuming current world population and lifestyles. Bearing in mind that 
there is at least a factor of ten between people with the highest and lowest use of world’s resources, 
and that the world’s largest populations are still at a relatively low level of consumption, but with high 
aspirations, the unchecked extrapolation is for world population using over ten times the world’s 
sustainable resources. 
 
However, who is going to:- 
 

·  Tell the developing nations that they cannot have the consumption levels of the West? (wars 
have been started for much more trivial reasons that that) 

·  Tell the world that it has got to reverse its population, by a factor of up to ten? 
·  Tell the world that it has got to rediscover a lifestyle regressing to the cave man? 
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It seems that this is all too difficult for politicians to sort out-  understandably so, as they only have a 
four to five year political window on the world. Inevitably, it is a legacy we will leave to our children. 
 
Basing a transport system on a particular energy source(s) is risky, but no more so than a food 
strategy, housing and heating strategy, etc. Until a more secure global co-operation can be relied upon, 
it makes sense to be as nationally self sufficient as possible. France, for example, produces around 
80% of its electricity from its own nuclear energy plants (although the nuclear material is imported). 
 
It should also be noted that there are other energy issues to be aware of. As mentioned earlier, energy 
is produced for several purposes: transport, business, domestic, etc. However, there is potential 
conflict in the energy production, for example:- 
 

·  Biofuels (fuels made from crops) are competing with food for available arable farm land 
·  Use of fossil fuels (oil, coal, natural gas) unlocks carbon that has been in the earth for millions 

of years, and releases it into the atmosphere, increasing the atmosphere’s CO2 level. 
Sustainable fuels first take carbon (dioxide) out of the atmosphere before releasing it back, and 
therefore cause no net increase in the atmosphere’s CO2 levels 

·  Nuclear energy carries with it the issues of dealing with the radio active waste products and a 
limited onward availability 

·  So-called sustainable energy, such as wind farms, carries the issue of visual obstructions, 
generally in areas of natural beauty 

·  Several energy sources are not constant, relying on weather patterns and seasonal /tidal effects. 
 
(Summary chart reqd. of energy type / production per annum / predicted lifespan or reserves / growth 
opportunities, etc) 
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6. ENERGY STORAGE, DISTRIBUTION and DISPENSING 
 
 
There’s no doubt that transport needs energy (and often energy needs transport!). Minimising the 
energy requirement will be covered later, when discussing the vehicles. However, the energy source 
has somehow got to reach the vehicle. The narrowboats on the canal often carried coal from colliery to 
factory, farm or home, for use in machinery or fireplace, and returned with produce from the 
countryside. 
 
The storage, distribution and dispensing of energy can absorb asignificant amount of energy in its own 
right, and therefore has to be considered as part of the overall system. Realising this, it is sometimes 
efficient to transfer energy from one form to another, to make the distribution more efficient. Even 
though there is always a loss associated with changing energy from one form to another, the overall 
result can still be positive. 
 
It is important to understand the fundamentals of the various raw and re-constituted energy forms, in 
terms of their availability and sustainability,  energy and power density and volume, how stored and 
distributed etc. 
 
A key example of ‘transformed’ energy is electricity. It doesn’t exist as a natural raw energy source 
(other than lightning, but that is too insignificant to be contemplated for world energy demands). 
However, it can be created from heat, such as burning fossil fuels, from nuclear reactor heat, or direct 
from wind, wave / tidal or solar power. Its key virtue is that electricity itself doesn’t weigh anything, 
or take up any space (other than the size of the conductors), and flows from A to B as if by magic. 
 
The downside is that it either has to be used immediately, or be stored in batteries, capacitors, pumped 
hydro systems, compressed air or flywheel systems. Batteries come in many types, with varying 
characteristics in terms of size and weight, speed with which they can be charged / discharged, how 
long they will keep the charge when not being used, whether they have any special needs (such as 
having to be kept at elevated temperatures to work), and the availability, cost and recyclability and 
onward availability of the raw materials. Batteries are covered in more detail below. 
 
Another topical ‘transformed’ energy is hydrogen. Again, it doesn’t exist anywhere on the planet in 
natural form- it has to be made, either as a by-product of manufacturing through a chemical process, or 
more normally through the electrical hydrolysis of water (where the electricity used has had to be 
made from some other energy source). Because it is so lacking in energy density, it has to be either 
liquefied or heavily compressed (to 350, or now more likely 700 bar – (atmospheric pressures)). This 
takes a significant amount of energy in its own right, approximately 20% of the energy content. Again, 
hydrogen is covered in more detail below. 
 
The UK has various energy distribution systems:- 
 

·  The National Grid, for electricity 
·  National gas pipeline 
·  Aviation fuel pipelines 
·  Distribution network and filling stations for petrol & diesel 
·  Distribution system for LPG 
·  Coal merchants 
·  Embryonic plug-in stations for electric vehicles  
·  Rail, road and sea for oil and coal 
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It must be remembered that most transport systems rely on the energy form being supplied to a re-
fuelling location, (petrol station, airport, marina etc), and then stored on the vehicle. The main 
exception to this is the railway and tramway, where electrification has been achieved through rails or 
overhead cables. The significance of this is that the vehicle doesn’t then have to store and carry the 
fuel (or batteries), the transport infrastructure is also the energy infrastructure, there is no need for 
conventional refuelling or considerations of fuel range, and the system can also easily accept re-
generative energy as the vehicle decelerates. This is potentially a very effective system, and has been 
used on trolley buses and trams. The downside is obviously safetyconcerns  and the issue with 
compatibility with other transport systems. However, there could be better modern day solutions, such 
as inductive non-contacting pick-ups or flywheel ‘top-up’ stations. 
 
 
The National Grid 
 
The National Grid covers both the electrical grid and the gas pipeline infrastructures. 
 

   
 
UK  Electricity Grid Network      UK  Gas Pipeline Network 
 
 
These systems provide the distribution of energy within the UK, and also the interface to external 
supplies, for either import or export of energy. 
 
The National Grid (www.nationalgrid.com) has the responsibility to ensure that the network keeps 
pace with demand, including the volume and source of imports. 
 
At present, the gas instantaneous flow is approx 330 million cubic metres of gas per day (with a 
calorific value of 40 MJ/cu metre), and the electricity peak demand over the last four months was 59.1 
GW. 
 
From the BERR energy data, the transmission losses of these systems are (as a percentage of the 
energy distributed) :- 
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·  Gas pipeline losses = 7.4 / 58.7 = 12.6 % 
·  Electricity grid losses = 4.7 / 34.1 = 13.8 % 

 
For comparison, petroleum products are distributed by a combination of road tankers and aviation fuel 
pipelines, and have a transmission loss of:- 
 

·  Petroleum distribution losses = 4.6 / 83.7 = 5.5 % 
 
(However this probably doesn’t include the final tanker delivery to the petrol station, and the petrol 
station’s energy at the petrol pump). 
 
This shows the transportational benefit of moving a higher energy density medium (liquid compared to 
gas), and also the surprising electrical losses, which are simple I2R issues. 
 
National Energy Storage 
 
The UK stores energy in various forms, partly to smooth out the demand fluctuations, but also as a 
buffer in case of irregularities in import supplies. 
 
National storage systems include:- 
 

·  Stocks of coal 
·  Gas storage containers 
·  Petroleum storage containers 
·  Pumped hydro-electric systems 
·  Nuclear fuels storage 

 
Batteries 
 
Although not part of the above national storage system, batteries have an obvious relevance to electric 
road vehicles, and so this section looks at electrical battery types, and compares their characteristics. 
 
Most batteries operate at normal room temperatures, although their performance deteriorates at low 
temperatures, and they have a maximum safe temperature. Some batteries need a battery management 
system to maintain optimal battery temperature. This can involve both heating and cooling. 
 
Lithium ion batteries have a characteristic that can cause cell ‘run away’, with potentially disastrous 
and dangerous effect. To combat this, whilst maximising performance, a battery management system 
with individual cell monitoring is required. 
 
A few batteries, such as sodium sulphur batteries (and developments, such as the Zebra batteries), 
operate at elevated temperatures to allow their electrolyte to be molten. This requires good insulation 
and a continuous battery drain to maintain the temperature during periods of inactivity. 
 
Batteries have a serious environmental effect, as the size of a battery required to power a vehicle is 
very large (up to 400 Kgs per vehicle), and therefore if battery electric powered cars become popular 
in the future, the effect on the world’s resources is not insignificant. 
 
Similarly, batteries do not have an infinite life, and so the recycling issues need to be fully understood. 
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Overall, batteries compare very poorly to current fuels in terms of energy density, as petrol is approx 
300 – 600 times more energy dense, depending on battery type and whether comparing on a mass or 
volume basis. 
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Battery  Comparison  Chart 
 

Density Cycle self cost 

energy power life to discharge  current  future  Battery 
type 

Wh/kg  Wh/l  W/kg W/l 80% 
DOD 

%/month 

maturity 

$/kWh $/kWh  
environ 

Flooded 
lead acid         600 20 mature 100 100 

low with 
recycling 

Advanced 
lead acid 35 71 412 955 500 5 production 150 100? 

low with 
recycling 

Nickel 
Cadmium 50 150     2000? 100 mature 300 300 

high 
cadmium 

Nickel 
Metal 
Hydride 80 200 220 600 600+   production 1000 200 low 
Nickel 
Zinc 60 100 500   600   laboratory?     low 
Lithium 
Ion 100 300     1200   laboratory     low 
Lithium 
Polymer 
(3M) 155 220 315 445 600+ 1000 prototype     low 
Lithium 
Polymer 
(Electro-
fuel) 183 470         production     low 
Lithium 
Polymer 
Potential 400 500 1000   600+   laboratory     low 
Sodium 
Nickel 
Chloride 90 150 100 200   400 prototype   300   
Nickel 
Iron           
Zinc Air 200 200 100 30     prototype 300 100 low 
Ultra 
Capacitor 12 5   1.00E+09 1.00E+09   laboratory     low 
Vanadium 
Redox             laboratory       

 
(Note - this data needs checking, may be a bit out of date) 

 
 
 
Ultracapacitors 
 
As a sub-section of batteries are the ultracapacitors. 
 
Like a very densely formed capacitor, these items are designed to have a very high power capacitity, 
even though they do not have a high energy capacitor (in other words, they are good at getting current 
in and out, but only for short transients). 
 
Some companies are finding that these work well with ‘micro-hybrids’, helping to balance out the 
peaks and troughs of typical driving. Other advantages are that they are relatively light, and have a 
long life. 
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Mechanical Flywheels 
 
Although most people think of batteries as electro-chemical devices, it is possible to store energy in 
other ways. A flywheel is a mechanical device to store energy, in the form of angular momentum. 
Conventional internal combustion engines use flywheels to smooth out the torque fluctuations. 
However, specialist high speed flywheels, operating in a vacuum to minimise losses, can be very 
effect at both power and energy storage. Using a form of Continuously Variable Transmission, they 
can spin up to 65,000 rpm, and achieve up to:- 
 
Energy storage:-  2.4 KW / Kg 
 
Power Storage:- 0.0044 KWh / Kg 
 
These figures are low compared to conventional batteries, partly because they comprise the whole 
system, whereas an electrical battery requires a separate electric motor and control system to form a 
complete system. 
 
These systems are currently being considered again for Formula One racing kinetic energy recovery 
systems, and also for conventional road vehicle applications including buses. 
 
Their merit over traditional electric hybrid systems is that the vehicle’s mechanical kinetic energy is 
stored and replaced mechanically. Electric hybrid systems require many changes of state (mechanical 
energy to electrical to chemical, and back again, each with its own losses). 
 
 
Hydraulic Accumulators 
 
Whilst discussing energy storage systems, it would be incomplete to not include hydraulic 
accumulators. These store hydraulic fluid in a closed vessel, usually against a gas diaphragm (although 
it could be a spring loaded piston). These systems are routinely used on hydraulic applications, such as 
hydraulic suspension systems, and the mechanisms associated with earth moving equipment. 
 
They have the powering of vehicles disadvantage that the energy storage is relatively low, and the 
losses of the system tend to be high. 
 
 
Hydrogen 
 
Hydrogen is normally made from electricity, by electrolysis. Although it can be burnt directly in an 
internal combustion engine, as demonstrated by BMW and others, it is more usually thought of in 
conjunction with a fuel cell, to convert it back into electricity and so power an electric vehicle. 
 
In this sense, the hydrogen acts as an alternative to a battery. 
 
To make its use viable in a road vehicle, it needs to be stored at very high pressures (700 bar), or 
liquefied. This requires high technology storage tanks (with their associated mass and packaging 
difficulties), and consumes approximately 20% of the energy in compressing the gas. 
 
Because of its inherently low energy density by volume, transportation of hydrogen is relatively 
inefficient. It is suggested therefore that the hydrogen would be made and stored at a more local level. 
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The fuel cells, to convert the hydrogen back to electricity, are still at an evolutionary stage, and 
awaiting something like a ten-fold reduction in manufacturing costs before they can be considered 
viable. 
 
The whole hydrogen infrastructure would have to be put in place before customers could accept a 
hydrogen powered vehicle, and that won’t happen until both vehicle manufacturers and energy 
provides are convinced of its viable future. 
 
Although an improvement over battery powered vehicles for longer distance commuting, hydrogen 
and fuel cells are a major investment, and product cost. 
 
Looking at the railways, with continuous energy transfer from the infrastructure, it does suggest that a 
simpler, cheaper system might be possible. 
 
 
Energy density by mass & volume 
 

    Energy density Energy density   
    by mass by volume   
    KW-h / Kg KW-h / L   
          
  Liquid hydrogen 514.8 36.36   
  Hydrogen @ 700 bar 514.8 20.16   
  Hydrogen @ 1 bar 514.8 0.036   
  Methane 200.16 0.144   
  Natural gas 192.96 36   
  LPG Propane 178.56 91.08   
  LPG Butane 176.76 99.72   
  Petrol 167.04 123.12   
  Diesel 166.32 134.28   
  Gasohol E85 119.16 92.16   
  Kerosene 154.08 118.8   
  Crude oil 151.92 118.8   
  Anthracite 166.68 133.2   
  Ethanol 117 260.64   
  Glucose 108 86.4   
  Lead acid battery 0.035 0.07   
  Ni Cad battery 0.05 0.15   
  NiMH battery 0.08 0.2   
  Li Ion battery 0.3 0.4   
  Mechanical flywheel                   0.0044                   0.006   

 
 
(Note:- this chart is slightly biased, as the gases and liquids are not inclusive of a container, which 
would add to their mass, very significantly in some cases. Batteries, by their very nature, are 
containerised) 
 
 



 48 

VEHICLES OF TRANSPORT 
 
This chapter summarises the massive section of vehicle types, and developments going on within 
them, which have a bearing on transportation systems of the future, both in terms of their effectiveness 
and their energy efficiency. 
 
We will cover:- 
 

·  The car 
·  The bus 
·  The truck 
·  The train 
·  The tram 
·  The motorbike & scooter 
·  The bicycle 
·  The aeroplane 
·  The boat 
·  By foot 

 
But first, let’s look at some factors that affect them all:- 
 
Vehicular Motion, and the Energy Requirements 
 
In an ideal world, it would take no energy to provide transportation. Once a satellite is in orbit, it keeps 
going pretty well indefinitely. That is because there is no atmosphere, and no friction, to slow it down. 
Although it takes energy to accelerate the object (satellite or car), that energy can theoretically be 
recovered again in bringing the object back to being stationary. Witness a snooker ‘stun shot’. The 
energy of the cue ball in coming to rest is all transferred into accelerating the colour ball up to the 
speed that the cue ball had. 
 
Any vehicle goes through four stages of transportation. Starting from rest, there is a period of 
acceleration up to a particular speed. Then there is a period of travelling at that constant particular 
speed. Then, there is a period of coming back to rest. Finally, a period at rest, either for passengers to 
embark / disembark, or inevitable journey stops. Let’s look at each of those phases in turn. 
 
Acceleration 
 
This is easy enough to calculate, as force = mass X acceleration. Force is provided by the engine, as it 
consumes fuel. Minimising mass, and acceleration, both minimise the force required and hence the 
energy required. ‘Sharing’ use of a vehicle is one of the most effective ways of minimising the mass of 
the vehicle, and hence saving energy. 
 
As the speed of the vehicle increases, some of the engine’s output is consumed in overcoming the 
losses of the vehicle (see next item), and therefore the amount left over for continued acceleration tails 
off. Eventually, when the speed losses match the output of the engine, there is none left over for 
acceleration. This is known as the vehicle’s maximum speed. It will be noted that with all vehicles, 
potential acceleration is greatest at low speeds, and least at higher speeds. 
 
Constant Speed 
 
There are various forces generated that are speed dependent. These forces require a certain output 
from the engine to maintain that speed, and hence energy is consumed to maintain that speed. With 
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land-based vehicles, there is both ‘rolling resistance’, which is a mechanical resistance, and 
‘aerodynamic resistance’, known as wind resistance or drag. For each vehicle type, these parameters 
can be measured, and vehicle manufacturers attempt to minimise these factors, but in recognition of 
other factors such as style and functionality, tyre grip and handling, etc. Often, these parameters are 
not a straight proportional relationship to speed, but can vary with a factor of speed, such as the square 
of speed. This means, for example, that the drag force can double going from 50 to 70 mph (50 x 50 = 
2500, whereas 70 x 70 = 4900, effectively double). Rolling resistance is generated through the losses 
of all the rotating mechanical parts, so good bearings and lubricants are important, but also through 
deformations at the tyre ‘contact patch’ between vehicle and infrastructure. For cars, vans, trucks, etc, 
this is the loss caused by the deflection in the tyres. Hence the importance of correct tyre pressures, but 
also the benefits of modern low-loss tyre construction (as long as it doesn’t degrade grip, and hence 
safety). 
 
Boats have a similar but different resistance to motion, which is hydraulic resistance. It works in a 
similar way to aerodynamic resistance as detailed below, but the factors are obviously different, as we 
are dealing with water (incompressible and heavy) rather than air (compressible and light). 
 
The other factor is aerodynamic resistance, which is down to a combination of frontal area (cross-
sectional area of the vehicle), and its ‘drag factor’, which is determined by the vehicle’s shape. A more 
‘slippery’ shape reduces drag, and amount ofenergy consumed. Very long vehicles with relatively 
small cross-sections therefore have better aerodynamic properties, such as an aircraft, or a train. A fat 
bluff-fronted machine, such as a combine-harvester, has poor aerodynamics, and is best suited to low 
speed operation. 
 
Aircraft suffer only from aerodynamic drag, but the drag is very load sensitive. This is because higher 
load requires a higher lift force from the wings, which means running the wings at a higher angle of 
attack, which then gives a higher drag. A similar phenomenon happens to boats, with their hydraulic 
resistance, as increased loads make them sink further down into the water. 
 
Deceleration 
 
To slow a vehicle down, energy has to be taken out of the vehicle. There are several ways that this can 
be done. The simplest is to switch off (or disconnect) the engine, and allow the vehicle to coast to a 
stop, as the kinetic energy of the vehicle gets slowly dissipated into the losses associated with speed. 
Boats and aircraft tend to do this, although each can use reverse thrust when appropriate, and aircraft 
can change their drag by the use of flaps. 
 
With land based vehicles, there is a need for greater deceleration than coasting can provide, and this is 
done by the braking system. Brakes simply convert kinetic energy into thermal energy, which is then 
wasted into the atmosphere, as global warming. The London Underground recognised a long time ago 
that instead of using friction brakes, it could use its electric motors as generators, and capture the 
deceleration energy as electricity, and put it back into the national grid. Brilliant! This is known as re-
generative braking. 
 
Cars fitted with hybrid electric powerunits can also perform this trick, within the limitations of how 
quickly the batteries can enable re-charging. They therefore still need conventional brakes for more 
rapid decelerations.  
 
Stationary Vehicle 
 
In the real world, there are always occasions when the vehicle needs to be stationary. Obviously, any 
energy consumed here is pure wasted energy (from a transport point of view, however it might be 
necessary for occupant comfort heating / cooling, lighting, etc). Some engines are better at being 
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switched off and restarted than others. For electric motors, stopping and starting is simple. For internal 
combustion engines, it is more difficult, as there is a minimum idle speed, and a certain temperature 
requirement before a different fuel regime is required. For aircraft engines it is different again, and for 
any nuclear powered vehicle (e.g. submarines, although we’re not majoring on them here) the starting 
and stopping procedure is probably complex. 
 
Cars, and now some vans, are being equipped with ‘stop / start’ systems that automatically stop and 
restart the internal combustion engine (both petrol and diesel) when stationary in heavy traffic.  
 
Duty Cycle 
 
In reality, vehicles go through a whole series of starts, stops, and travelling at various speeds. This is 
known as the duty cycle. Manufacturers use various duty cycles to represent different customers and 
territories, for proving out their vehicles, from an endurance point of view but also from an economy 
and performance point of view.  
 
To be able to compare different cars, a standardised duty cycle (drive cycle) is used, to measure fuel 
usage and CO2 emissions in grams per 100 km. 
 

 
 
This drive cycle determines the vehicle speeds required, and also the acceleration levels.  
 
The above graph shows that the mass of the vehicle has a significant effect on most of the above stages 
of vehicle motion. It is therefore worth looking at vehicle mass, and normalising it to mass per person 
travelling. 
 
Structural Mass 
 
Vehicle mass is a ‘double whammy’- not only does it directly effect the energy consumed, but it also 
directly affects the amount of the world’s raw materials tied up in one vehicle. 
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Although vehicles are now typically 80 – 90% recyclable, that doesn’t mean they are always 
recyclable, and of course there is a significant energy requirement to “melt them down” back into 
usable raw materials. 
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Normalised Structural Efficiency in Transportation 
 

VEHICLE   
 

         PEOPLE  OCCUPANCY 
          (Total Kilos per 75Kgs Person) 

         GOODS  OCCUPANCY 
           (Total Kilos per 75Kgs of goods) 

(Unladen mass) Driver only Half Full Full Empty Half Full Full 
Electric Car – 2P 
(600Kgs) 

675  375    

Small Car – 4 P 
(900 Kgs) 

975 525 300    

4x4 Vehicle – 7 P 
(2500 Kgs) 

2575 700 432    

Mini-Bus – 12 P 
(2100 Kgs) 

2175 425 250    

Coach – 48 P 
(8425 Kgs) 

8500 426 250    

D/deck Bus – 75 P 
(10,500 Kgs) 

10575 351 215    

Van – 1600 Kgs 
(1600 Kgs) 

   1600 225 150 

Truck  – 30 Tons 
(14,000 Kgs) 

   14,000 145 110 

Freight Train  – 
2200 tons 
(800,000 Kgs) 

   800,000 178 102 

U/ground – 964P 
(234 seating 
 730 standing) 
(177,000 Kgs) 

177075 442 259    

Bullet train  –400P 
( 

      

Tram – xx P 
( 

      

Monorail  – xxP 
( 

      

Motorbike  – 2P 
(200 Kgs) 

275  175    

Bicycle – 1P 
(20 Kgs) 

95      

Airbus - 150P 
(74,000 Kgs max 
take-off) 

62,750 912 493    

Ferry Boat – xxP 
( 

      

Container Boat –
xxTon ( 

      

By Foot – 1P 
 

75      



 53 

 
 
 
Rolling resistance 
 
Rolling resistance is the force that has to be overcome to make the vehicle move. It comes about from 
the deformation, however small, that exists between the wheel and its point of contact (ground, road, 
rail etc). It also includes any resistance there may be in the drive-train transmission system. 
 
 

 
 
Rolling resistance is a function of the load on the wheel, and is expressed as:- 
 
F = W x Crr 
 
Crr is the coefficient of rolling resistance. This factor can vary greatly with different forms of transport, 
as shown below. 
 

Crr  Description 
0.0002 – 0.0010 Railway steel wheels on steel rails 
0.005 Tramways with standard dirt levels and variety of curves 
0.006 – 0.010 Low rolling resistance car tyres on smooth road, typical truck tyres 
0.010 – 0.015 Ordinary car tyres on concrete 
0.030 – 0.035 Ordinary car tyres on asphalt 
0.055 – 0.065 Ordinary car tyres on mud, grass etc.  
0.3 Ordinary car tyres on sand 
 
 
Aerodynamic drag 
 
The aerodynamic drag is expressed as:- 
 
Fd = ½ � v2CdA 
 
Where  �  = density of air 
  v = velocity of vehicle 
  Cd = drag coefficient 
  A = cross-sectional (frontal) area of vehicle 
 



 54 

Typical drag coefficients are:- 
 
 

Item Drag coefficient 
Sphere 0.47 
Half sphere (flat surface at rear) 0.42 
Cone (point at front) 0.50 
Cube (flat sides front / rear) 1.05 
Angled cube  0.80 
Long cylinder 0.82 
Short cylinder 1.15 
Streamlined body (fish shape) 0.04 
Cessna 172 0.027 
Boeing 747 0.031 
Bicycle & rider 0.9 
Typical car 0.3 
Typical train 0.5 – 1.0 
 
Obviously, the lower the rolling resistance and aerodynamic drag, the lower the energy required to 
maintain motion at any given speed. 
 
 
The Powerunit 
 
So far, we’ve looked at the vehicle, and its energy requirements. Now we’ll look at the vehicle’s 
powerunit, and how effective that is in powering the vehicle. This will cover both the engine and the 
transmission, and any control systems and ancillaries required to constitute a complete ‘powerunit’. It 
will also include the fuel storage system, and any energy recovery systems. 
 
Most powerunits (other than rocket motors) have a finite rpm range. The power that they produce is 
not constant, but varies with engine speed. It is therefore necessary to have a gearbox to obtain the 
correct overall ratio between engine and output device (wheel, propeller, etc), and also various 
selectable gears, required for different vehicle speed ranges. 
 

Factor Potential Issues 
Power density Size and mass of powerunit to deliver required output, material costs 
Energy type Availability, range, re-fuelling issues, fuel costs, safety, etc 
Power rpm range Transmission types and ratios required 
Peak efficiency Overall vehicle peak efficiency, fuel operating costs 
Efficiency operating range Number of gear changes required, need for supplementary devices 

(hybrid systems) 
Materials reqd. Manufacturing costs, re-cycling issues, continuity of supply 
Operating characteristics Speed of response (driveability), noise & vibration, start-up, controls 
Operating process Emissions, heat, ability to drive ancillaries, control system 
  
 
From this, it can seen that the choice of powerunit is no simple matter, and this is underlined today by 
the fact that an increasing number of vehicles are becoming hybrids, where there are two powerunits, 
carefully managed to complement one another for maximum overall efficiency. This is inevitably to 
the detriment of both cost and weight, and therefore use of the world’s resources. 
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Currently, most cars are powered by either petrol or diesel engines. The fact that both of these have 
been going for so long shows that there is no clear ‘winner’. Even though different countries can have 
widely differing uptakes of petrol and diesel cars, these factors can change with time. 
 
A possibility for the future is to combine ‘the best of both worlds’. This is currently believed to be the 
GDI (gasoline direct injection) system, where petrol is injected direct into the combustion chamber, 
just like a diesel engine. Theoretically, this will give the part load efficiency of the diesel, but with the 
cleaner exhaust of the petrol. However, despite the research, and the early commercial attempt by 
Toyota, it hasn’t really caught on yet. As with many things, the closer you think you are getting to 
perfection, the more it seems to elude you! 
 
Another trend is the downsizing of engines to improve fuel efficiency, package size and weight, but to 
restore intermittent ‘overtaking power’ by higher pressure charging, either by turbo-charging, super-
charging, or even both. 
 
Whilst talking about powerunits, it is almost as important to talk about transmission systems. As with 
the petrol / diesel debate, so there is a manual / automatic transmission debate. In the past, automatic 
transmissions were hydraulic, and wasteful of fuel. Again, the uptake varied considerably from 
country to country. Nowadays, automatics have much more in common with a manual gearbox; indeed 
some are ‘automated manual’ transmissions, where servos do the job of operating the clutch and gear-
change. 
 
The CVT (continuously variable transmission), using a belt and pulley arrangement, seemed to 
blossom in the 1990s, but is now receding, largely due to its internal losses and hence inefficiency (as 
well as customer reaction to the wide engine rpm variations during driving). 
 
The winner for the future appears to be a pragmatic ‘best of both worlds’ mixture in the form of the 
dual clutch automated manual transmission. This gives the operating efficiency of the manual 
transmission, but with the better controllability (and ‘hot shifting’) of the automatic transmission. It 
can be used in both automatic and manual control modes, as required by the driving circumstances. By 
controlling the gear change points in automatic mode, the vehicle’s fuel consumption and CO2 output 
can actually be improved over standard. 
 
 
On-board versus off-board powerunit 
 
Most vehicles tend to have their own dedicated powerunit, on-board the vehicle. An alternative 
approach is for the powerunit to be stationary, and provide energy to the part of the system that moves 
the people, or freight. Examples include lifts and escalators, ski-lifts, funicular railways and the old 
fashioned ploughing by stationary steam traction engines. Similarly, sailing vessels are essentially off-
board power vehicles, the sail being the ‘connection mechanism’. 
 
Such systems have the advantage of requiring less structure and mass in the vehicle, therefore 
improving energy efficiency, and simplifying energy supply, which can now be fixed. Attention then 
has to be given to the means of transferring motion from stationary engine to moving vehicle, and the 
ability or otherwise of the vehicle to engage and disengage from the stationary engine, eg to transfer to 
alternative routes in the network. 
 
This type of technology is very commonplace in the areas of factory automation, logistics handling (eg 
freight and baggage), etc. 
 
 
The car 
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Of all the forms of transport, the car is probably the most confused. Is it a form of transport, or a 
personal possession and lifestyle statement? How optimised are individual cars to the transport 
requirements of the individual or family? Car companies are not selling transport they are selling 
products of desire. Therefore, they put a lot of effort into desirability, through style, image, brand 
development, comfort features, etc. This can be seen in the number of people who believe they need a 
4x4 off-road vehicle, with its associated mass, complexity, and reduced fuel consumption. 
 
Cars have evolved as they have for a number of reasons, both legislative and competitive. This 
includes:- 
 

Issue Effect Downside 

Reduce tailpipe emissions Catalysts & other equipment Cost & weight, use of rare 
materials 

Improved safety Stronger structures, airbags Cost & weight 

Additional features Electric windows, locking, etc Cost & weight 

Brand desirability Style, features, configurations Buying more than is strictly 
necessary – cost & weight 

Vehicle performance High power to weight ratio Cost, environmental issues 

Sales price Economies of scale (multi-
branding), overseas sourcing 

Over-supply 
Recession-proof? 

Fuel consumption 
(& energy prices) 

High efficiency motors 
Hybrid systems, weight 
reduction / downsizing 

Cost, complexity 

 
The car companies will always want to grow their business, in terms of both numbers of vehicles sold, 
and price per vehicle. In the competitive automotive market, they can only do this by attaching as 
much ‘perceived customer value’ as possible relative to the product’s selling price.  
 
However, the car industry does need to be congratulated on achieving a significant reduction in new 
car prices over the last few years, relative to the Retail Price Index. UK prices now seem to have come 
into line with overseas prices, although some of the improvement is down to a trend of more purchases 
of smaller cars, at the expense of sales of larger cars. 
 
More and more people now view their cars in the same way as white goods (eg refrigerators) or TVs- 
in other words, as commodity items, and hence the success of value for money ‘non-brands’ such as 
Hyundai. The marketplace is therefore splitting into ‘functional transport’ and ‘cherished possessions’.  
 
In terms of vehicle energy efficiency, the following steps are taking place:- 
 

·  Increased engine efficiency, both petrol & diesel ( smaller , lighter and heavily pressure 
charged ) 

·  Smart driven ancilliaries 
·  A potential ‘best of both worlds’ GDI (petrol injected as diesel) 
·  Smart transmission systems that keep the engine at its most efficient point (but without the 

transmission losses and fussiness of CVT) 
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·  Improved aerodynamics (although that’s now a law of diminishing returns) 
·  Reduced rolling resistance (tyre losses and oils) 
·  Stop energy wastage when stationary (stop-start systems and hybrids) 
·  Energy recovery when slowing down (electric hybrid, or flywheel systems) 
·  Weight saving 

 
However, probably the biggest potential saving is outside the scope of the vehicle manufacturers, ie 
using the right vehicle for the job. The majority of vehicles are only carrying one person, yet designed 
to carry four, five or seven people. In terms of energy cost and CO2 produced per passenger mile, that 
is gross inefficiency. A vehicle designed to carry one person will be far more energy efficient than one 
designed to carry four, five or seven people, and take up less road space and destination parking space. 
However, a full vehicle carrying four, five or seven people will be far more efficient than four, five or 
seven separate vehicles each carrying one person, even if those vehicles are optimised to carry one 
person. Vehicle usage is, therefore, key. 
 
A few years ago, the car manufacturers were asked to disclose, in confidence, what they thought was 
the way forward, in terms of CO2 reduction and energy sustainability. There was a wide range of 
opinion, influenced to some degree by the relative strengths and weaknesses of the various car 
companies and their expertise and infrastructures. Some were very pro hybrids, some very against. 
Some were pro hydrogen, some against. Some were very much focusing on diesel engine 
development, some on petrol engine development. Without divulging the manufacturers involved, the 
following pros and cons emerged:- 
 
 
Auto Industry Views of Various CO2 / Energy Sustainability Technologies 
 

Technology Advantages Disadvantages 

Advanced diesel engine 
developments 

Existing fuel system infrastructure 
Customer acceptance 
No additional vehicle weight 
 

Law of diminishing returns 
Still dependent on oil 
Fully eradicating particulates could be 
expensive 

Advanced petrol engine 
developments 

Existing fuel system infrastructure 
Customer acceptance 
No additional vehicle weight 
 

Law of diminishing returns 
(although GDI looks promising) 
Still dependent on oil 

More sophisticated 
transmissions 

Can give ‘best of both worlds’ 
between manual & automatic 
Keeps engine closer to max efficiency 
(often reqd for hybrid systems) 

Relatively small gains, for the cost 
High investment for each individual 
vehicle model 

Electric hybrids 
(with petrol or diesel engines) 

Existing fuel system infrastructure 
Improves overall efficiency 
Recaptures kinetic energy 
Technology ‘stepping-stone’ to 
electric and hydrogen vehicles in the 
future 

Additional mass / cost & complexity 
Recyclability of batteries 
Only a ‘temporary solution’ 

Electric vehicles Silent / fume free (at point of use) 
Simple to operate 
Suit city centre usage 

Limited range / performance 
Heavy / expensive batteries / recycling 
issues 
Availability of recharging points 
Time taken to recharge 
Green-ness of electricity production? 

Hydrogen / fuel cell vehicles Silent / fume free (at point of use) 
Range similar to current vehicles 
Re-fill times similar to current vehicles 

Requires new hydrogen infrastructure 
Hydrogen has to be made from current 
energy sources 
Fuel cells still very expensive 
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Vehicle weight saving Can be simple and cost-effective 
Can save world’s resources, rather than 
increasing their use 
Can help recyclability 

Conflicts with other vehicle aspects, eg 
crashworthiness, size, features, etc, 
requiring expensive collision 
avoidance technology. 
Often requires more expensive / exotic 
materials, with their own issues 

More ‘dedicated’ vehicles 
(Eg Smart, iQ, etc) 

Better optimised to a particular task 
(eg city driving) 
More efficient and effective all round 

Less adaptable to other usage 
requirements 
Requires availability of other vehicle 
types for other tasks 

 
 
From the above, there was no unanimous clear ‘winner’ from the car industry. This is because the 
problem is not a car industry problem, but a transport problem. In other words, the solution has got to 
be a combination of:- 
 

·  Vehicle industry 
·  Energy industry 
·  Transport infrastructure 

 
With the solution accepted by:- 
 

·  The consumer / commuter 
·  Other stakeholders, such as environmentalists, conservationists, manufacturers, energy 

providers etc 
 
And the solution put into effect by:- 
 

·  The government, developing co-ordinated strategies and plans 
·  Vehicle providers, and their supply chain 
·  The energy providers, and their supply chain 
·  The infrastructure people, and their supply chain 

 
The car industry senses that significant changes are on the horizon, but the scope of these changes is 
currently unclear. Significant changes in the car industry can takes years, or even decades, to 
undertake, and cost billions. It is therefore like betting the future of the company, and to do that, the 
odds need to be reasonable. At the moment, any particular route is seen as very risky, and likely to 
bankrupt the company if wrong. Unsurprisingly, most companies are undertaking a very cautious 
route. However, doing nothing is also a risky route, as the need for change is quite clear. 
 
Toyota have been the boldest company, with their investment in hybrid electric vehicles. However, 
that decision was taken on the basis of:- 
 

·  Using the resources that they currently have, whilst they still have them (ie all car 
manufacturers suffer during a depression) 

·  Hybrid electric vehicles require the development of many technologies, such as batteries, 
electric motors, electric controllers, transmissions, re-optimised internal combustion engines, 
etc. This is a good ‘hedge bet’ for the future 

·  If they are right, and hybrid vehicles do take off, they will be market leaders. 
 
Other car companies are also putting their toes in the water, with products such as ‘stop start’ systems, 
the first tentative step towards a hybrid electric vehicle, and a few electric powered vehicles. 
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The multi-industry nature of this problem was recognised several years ago by the Automotive 
Industry Growth Team (AIGT), amongst others. One of their recommendations to government was to 
set up a pan-industry forum on CO2 / energy sustainability, which resulted in the formation of the Low 
Carbon Vehicle Partnership (www.lowcvp.org.uk ). With some 300 members, this covers cars truck 
and bus manufacturers, energy industries, academia, consultancy companies, local and central 
government, environmental agencies, component supply chain, etc. 
 
http://www.thegreencarwebsite.co.uk  
 
 
The bus 
 
Just like the car market, the bus market faces many challenges, no doubt further complicated by 
government ‘de-regulation’. We have seen a much wider range of buses, from the van-derived mini-
bus up to the articulated ‘bendy-buses’. Inevitably, the bus operator needs to match the vehicle size to 
the customer demand, to maximise operating efficiency and reduce costs. 
 
 

 
 
Fuel costs are a very significant part of the bus operators’ costs, and so alternative fuels have been 
trialled by a number of operators. This includes bio-fuels and bio-gas, and even a hydrogen-powered 
bus was run on commercial routes in London to obtain true in-use experience. 
 
Hybrid electric bus conversions are available, but currently their costs are deemed prohibitive. A 
simpler mechanical flywheel hybrid may turn out to be more cost effective- time will tell. 
 
Bus operators have had to do a lot recently to attract and retain customers. This has involved a number 
of issues:- 
 

·  Frequency and ‘round the clock’ service 
·  Reliability and timeliness of service 
·  Cleanliness and comfort 
·  Security and concern of threatening / abusive conduct of other occupants 
·  Overcrowding at peak times 
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Whilst many of these are not necessarily vehicle issues, some can be improved / exacerbated by 
vehicle characteristics or features. For example, upper decks on double-decker buses can give a feeling 
of reduced security, whereas CCTV can give security reassurance. WiFi provision could be an 
attraction for regular commuters, providing it didn’t create an increased risk to personal security. 
 
 
 
 
The truck 
 
From the DfT data, trucks today are averaging around 10 mpg. Considering the load that they can 
carry (equivalent to the weight of some 400 people), they are already relatively fuel efficient. 
 
TBC 
 
The train 
 
It can only be a source of continual national shame that, having invented the train and installed it all 
around the globe, the UK now has to buy in trains from abroad. Even the tilting train, invented in the 
UK, had to developed and productionised abroad. (Still, the same can said about many other 
industries). 
 
There seems to be an indifference to rail transport in the UK, which is very difficult to comprehend. 
As we will see later, from an energy and effectiveness point of view, it still has much to offer. Indeed, 
this can be seen from the fact that many countries have now overtaken the UK in terms of both rail 
network and consumer rail travel, and railway industry. 
 
It would be encouraging to be able to talk about UK developments in rail vehicle technology, but in 
fact we still haven’t surpassed the steam engine, in terms of speed of travel. 
 
Because of this lethargy, the rail infrastructure is also poor by international standards. Therefore, even 
if we acquired high speed trains from abroad, we couldn’t run them to their full potential as the UK 
railway lines are inadequate. 
 
Yet, as a nation, we seem prepared to turn a blind eye to this whilst we encourage a growth in road and 
air transport, to the increased detriment of both the environment and our energy bills. These are all 
signs of the lack of a ‘joined-up’ integrated transport strategy. 
 
 

Country   Scheduled trains   Test run speed record   
Austria 230 km/h 275 km/h 
Belgium 300, 250 km/h 347 km/h 
China 431 km/h maglev 

350, 300, 250, 200 km/h conventional 
502 km/h maglev 
394 km/h conventional 

Finland 220 km/h 255 km/h 
France 320, 300, 280, 210 km/h 574 km/h 
Germany 

300, 280, 250, 230 km/h (conventional) 
550 km/h maglev 
406 km/h conventional 

Italy 300, 260, 200 km/h 368 km/h 
Japan 

300, 275, 260 km/h (conventional) 
581 km/h maglev 
443 km/h conventional 
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Norway 210 km/h 260 km/h 
Poland 160 km/h 250,1 km/h 
Portugal 220 km/h 275 km/h 
Russia 210 km/h 260 km/h 
South Korea 300, 240 km/h 355 km/h 
Spain 350, 300, 250 km/h 404 km/h 
Sweden 200 km/h 303 km/h 
Taiwan 300, 240 km/h 315 km/h 
Turkey 250 km/h 303 km/h 
United Kingdom 300, 200 km/h 335 km/h 
United States 240, 200 km/h 295 km/h 
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World speed record-holding (581 km/h) JR-Maglev in Yamanashi, Japan 
 
 
The tram 
 
 
 
The motorbike & scooter 
 
 
 
The bicycle 
 
 
 
The aeroplane 
 
 
 
The boat 
 
 
 
By foot 
 
 
All TBC
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8.  MODES  OF  TRANSPORT 
     &  TECHNOLOGICAL  DEVELOPMENTS 
 
 
So far, we have dissected transport down into:- 
 

·  People’s absolute needs for transport (not inferred from current travel systems) 
·  Energy sources 
·  Transport infrastructures (corridors and current systems) 
·  Transport vehicles 

 
Getting from A to B requires more than just the above. A route is required (or alternative routes, for 
journey comparisons), and the route(s) broken down into sections that equate to the availability of 
individual modes of transport. 
 
This is true for all types of transport, both public and private. Taken to its ultimate extent, the person 
has to walk (or be pushed) out of their house / shop / place of work etc to allow the journey to start, 
and similarly to finish. 
 
Route planning, and choice of transport systems 
Until recently, it has been up to the traveller to investigate and decide how to travel, based upon the 
information available. The internet has been a big help here, for those with access to it. The 
fragmentation of public services has arguably been a disservice in this regard, as bus and train routes 
and timetables are now less universal. 
 
However, one excellent journey planning website is http://www.transportdirect.info  Here, you can 
enter your start and end journey points, and required time of travel, and it will give you the various 
options, including by car, bus, train, and any combination thereof. It includes the elements of walking 
required, such as to the bus stop. For each option, it gives the time taken, the CO2 produced, and the 
costs. Brilliant! We’ve now discovered ways of getting from A to B that we never knew existed! 
 
The next stage of this must be to fully integrate it with the mobile phone. Then, when you’re out and 
about, you never need  be stuck for transport. 
 
Accessibility & disabilities 
 
Nodal points – waiting, info, comfort, accessibility for all 
Vehicle / infrastructure - ease of entry & egress 
Transfer points, from system to system 
Route guidance 
 
TBC 
 
Vehicle control systems – the ‘driver’ 
 
Professional & amateur drivers – standards, training, simulators, up-to-date competency, etc 
Driver work-load, stress levels, decision making process 
Driving licence data (UK Car) 
Enthusiastic versus reluctant driver 
Accident levels 
Autonomous machines – Ultra, Prometheus, Automatic pilot, Automatic trains, etc 
Reaction times and safe distances – convoys – electronic trains 
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TBC 
 
Driving for pleasure / motoring leisure activities 
 
The ‘Sunday jaunt’ 
Motorsport / track-days 
Classic cars 
Open-top motoring 
Sight-seeing 
Etc 
 
Mixing the two 
Progressive change 
Segregation from congestion 
 
TBC 
 
Journey Navigation 
 
Self drive versus driven 
Route planning versus defined routes 
Congestion avoidance 
Parking 
Timetabling 
Safety and accidents 
Control, stress, opportunity for other activities 
Multi-modal travel, changing from system to system at node points 
 
TBC 
 
 
Guidance systems 
 
Navigating by the stars is now a little bit too ineffective for today’s needs. GPS is a brilliant 
technology, and continually improving. Although often thought of as ‘a car system’, its real value will 
come as a ‘personal system’, perhaps linked to the mobile phone.  It can then assist multi-modal 
journeys, even finding your way from the car in the car park to the correct platform in the railway 
station. When your friends have got the same system, you can then even find them in the right pub! 
 
It could also pave the way for totally seamless, effortless, transport ticketing systems 
 
‘Giving & receiving’ 
 
For those of us privileged enough to grow up in the Swinging Sixties, a very cost-effective and eco-
friendly form of transport was often used, namely ‘the thumb’. Otherwise known as hitch-hiking, it 
was a common sight to see people- often the more impecunious, such as students- walking along a 
road extending the thumb. Nowadays, social decline, or worries thereof, or perceived betterment, have 
made it almost extinct, apart from ‘trade plate carrying’ vehicle delivery drivers looking for a way 
home. 
 
However, look at the facts:- 
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·  Approx 90% of car journeys are single occupancy 
·  Additional car occupancy is the simplest and greatest means of reducing both energy and 

congestion 
·  Many people now find driving stressful, particularly in congestion, but see no option 
·  Other than via local neighbours, friends, and work colleagues, there is no mechanism to enable 

lift-sharing 
·  Currently, by and large, people either have to self drive their own car, or use conventional 

public transport 
 
Suggestions for improving car-sharing are discussed in Chapter 10: Proposed Areas for Improvement. 
 
 
Car Hire / Car Clubs / Car Leasing / Lift-sharing 
 
Alternatives exist to traditional car ownership for customers who either have only a temporary need of 
a car, or would rather pay as they use the car (analogous to renting a house rather than buying it). 
 
The basis of these arrangements is to give the customer more flexibility though less long term 
commitment. Some of them can give flexibility in terms of what type and size of vehicle to use on 
different occasions, so that car usage can better match requirements.  
 
In the UK there is a lift-share website (www.liftshare.com), however, in Germany there are 
strategically placed car parks (eg at motorway junctions) to encourage motorists to lift share, 
particularly into and out of cities. 
 
Paying & ticketing 
 
A big barrier to multi-modal transport is ‘system-specific’ ticketing. A typical journey could involve 
paying separately for:- 
 

·  Fuel for the car 
·  Car parking 
·  Train ticket 
·  Underground ticket 
·  Taxi 

 
And all for one journey! Queuing up to pay each time! What a nonsense. To be fair, Chiltern Railways 
have integrated car parking, train fare and underground fare into a single transaction and ticket, which 
is a great start. Similarly, the Oyster ‘pay as you go’ card, and season tickets, improve the situation for 
regular commuters. 
 
However, this is an area where an automatic ticketing / pricing system is required. As suggested 
before, it might logically be linked to mobile phone technology. Some expertise will be required in its 
development, to ensure that it is compatible with current systems, fraud-proof etc. It should then lead 
to a universal transport ‘support & pricing’ system. 
 
Lift sharing pricing system – TBC 
 
Road Pricing - TBC 
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9.   EFFECTIVENESS and EFFICIENCY STUDIES 
 
 
To make “improvements to transport” will require it to be both more effective (in terms of getting  
from A to B quicker, easier, more comfortably, safer, etc), and more efficient (in terms of energy used, 
cost to the consumer, etc). Therefore, some tools are required to be able to assess potential changes, 
and a source of ideas is required to be assessed by the tools, to identify potential ‘winners’. 
 
Having had the benefit of working with great experts in the past, I have adopted their approach of 
understanding and working with key fundamentals. This is borne out in the approach taken so far.  
 
Effectiveness 
 
The effectiveness of transport is its ability to simultaneously get people from A to B according to their 
own individual requirements. Whilst this includes a whole pyramid of requirements (as in Chapter 3), 
which vary person to person, the prime function is to get from A to B quickly, reliably, comfortably, 
and safely. 
 
For this ‘high level’ study, the available statistical factors allow the following to be analysed:- 
 

·  Trends 
·  People Transport 
·  Variations by Location 
·  Variations by Time of Day 
·  Freight Transport 
·  People Occupancy Levels 
·  Freight Occupancy Levels 
·  Geographic Coverage 
·  Safety 
 

Efficiency 
 
The efficiency of transport is about its energy consumption, costs, and raw materials consumed, and 
hence sustainability. 
 
For this ‘high level’ study, the following can be analysed:- 
 

·  Costs of Travel 
·  Infrastructure Investment 
·  Energy Consumption 
·  CO2 Emissions 
·  Sustainability 
 

The data used here is mainly from the DfT website, using the downloadable “Transport Statistics 
Great Britain, 2008 Edition”. Appendix One identifies which tables were used from this document. 
 
Analysis of current data 
 
Trends 
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Much of the raw data accessed is in the form of tabulated changes with time (annual data), colloquially 
known as trends. With transport, there has been generally a 10% per decade increase in transport (now 
around 800 million passenger kilometres), from a UK population of 61 million, and growing at 
approximately 3% per decade, through an infrastructure system that grows at less than 2% per annum. 
The forecast is for traffic to grow at approximately 15% per decade over the next two decades. Unless 
something is done now, our children are not going to thank us. 
 
The main exception to these trends has come from the car industry, where the average purchase price 
per vehicle has come down by 15% over the last decade (although some of that could be down to the 
greater proportion of small cars bought), and the very recent availability of green ‘eco-vehicles’, 
which haven’t yet worked through into the data. 
 
As far as the consumer is concerned, the price increases of 40% for rail and 50% for coach & bus fares 
over the last decade will be hard to swallow, especially as the rail network has decreased by 4% over 
that period. 
 
Significant developments to UK Transport seems to have been rudderless for decades, allowing a 
‘market forces’ approach rather than a conceived ‘strategic direction’. As this document is more 
interested in the latter, simple extrapolations of the past are likely to be inadequate and so a more 
fundamental approach is required. 
 
People Transport 
 
The closest data found for primary people transport requirements (not freight), and current modes of 
transport to satisfy that demand, is shown as:- 
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By comparing the above two charts, and converting to kilometres, it is possible to derive the average 
distance per trip for each journey purpose and vehicle mode type used:- 
 

 
 
From this it can be seen that rail journeys tend to be the longest, on average, particularly as these 
numbers include the shorter underground distances. 
 
There is a greater number of trips and distance given to leisure than to commuting / business. This 
could be encouraging, indicating a growth in new technologies aiding business, such as working from 
home, video conferencing, internet activity etc, or it could be depressing, in that UK business is in 
decline. 
 
Looking at the above total data by vehicle type, and other data for passenger kilometres and passenger 
trips, the following comparisons can be made (per annum):- 
 

VEHICLE  TYPE Ave Km 
per person 
per annum 

Billion Pass 
Km per 
annum 

Billion Pass 
Km (dif 
source) 

Ave No of 
Trips per 
person 

Million 
Pass Trips 

Cars and Vans 9110 556 689 658 40138 

Buses and coaches 762 46 50 73 4453 

 Walk Bicycle Car 
driver 

Car 
passenger 

Motor - 
cycle 

Other 
private 

Local 
bus 

Rail / 
underground 

Other 
public 

Commuting / 
business 

1.2 4.3 19.3 16.8 12.8 30.4 8.4 33.6 29.9 

Education / 
escort education 

1.0 2.4 6.3 5.3 - 14.4 8.1 20.0 9.6 

Shopping 0.9 2.4 8.3 10.4 - 6.4 6.4 25.6 8.8 

Other escort 0.9 - 8.6 5.8 - - 5.6 - - 

Personal 
business 

0.9 3.2 9.8 9.5 - 9.6 6.7 38.4 6.4 

Leisure 1.1 3.0 18.0 20.3 22.4 49.6 7.6 59.5 31.2 

Other 1.5 - 9.6 - - - - - - 
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Trains and trams 746 46 59 24 1464 

Underground 
 

120 7 Incl in 
above 

Incl in 
above 

Incl in 
above 

Motorbikes & scooters 55 3 6 3 183 

Bicycles 62 4 4 16 976 

Aircraft & boat 153 9 7 14 854 

By foot 321 20 Not 
recorded 

249 15189 

TOTALS 11,329 691 815 1,037 63,257 
 
 
Comparing the second and third column of numbers highlights the difficulty in working with data 
from different original sources (even though supplied through the same agency), as the data is not fully 
compatible. However, it will be sufficient to allow for a coarse assessment to be made, and to develop 
ideas that can later be quantified with more precise data. 
 
Most of the data is in the form of averages. This makes it hard to identify fluctuations in demand or 
usage of transport, either by time or by location, unless it is specifically quantified. Examples of this 
are:- 
 
Variations By Location 
 
London, and particularly central London, are very atypical compared to the rest of the country in terms 
of both mode of transport and journey times, particularly time to commute to work. 
 

 Trips by public 
transport 

Trips by private 
transport 

Time taken to get 
to work 

Distance to get to 
work 

Central London 89.7 % 10.3 % 56 mins n/a 
Rest of UK 9.9 % 90.1 % 27 mins n/a 
 
Without the distance information, it is difficult to say whether the increased journey time is due to a 
slower average transport speed, or a greater average transport distance. 
 
Variations By Time of Day 
 
For road transport, the chart below shows that the slowest 10% of journeys are delayed by 
approximately 4 minutes per 10 minutes of journey, or 40% extra journey time. As this is an average 
over all roads, some roads will be significantly worse than this. 
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Some transport systems, such as the Underground, have the potential to be quicker at peak journey 
times, as there are more trains running, and hence less waiting time on average. 
 
Freight Transport 
 
Freight is a combination of local deliveries, national transport, and imported and exported freight. 
With the latter, there is a mixture of containerised freight, and normal freight. Freight can be carried 
on road, rail, waterways and by air. 
 

 
 
From this and other sources, the following can be created:- 



 71 

 
Domestic freight International freight (in & out) Freight 

mode Annual kgs 
(billions) 

Average km 
distance 

kgs km 
(billion) 

Annual kgs 
(billions) 

Average km 
distance 

kgs km 
(billion) 

LGV 132 88 11,600    
HGV 1869 86 161,500 11 709 8,686 
Rail 102 208 21,200    
Air 0.08 438 35 1.15 6726 7735 
Marine 126 403 50,800 581   
Pipeline 146 70 10,200    
 
 
People occupancy levels 
 
Comparing car driver to car passenger data gives an indication of car occupancy levels. Assuming that 
there can generally be approximately four passengers per vehicle (balancing out people carriers with 
sportscars), it indicates an approximate occupancy rate of:- 
 

All Car Trips Driver Passenger Total Occupants 

Actual trips 430 228 658 

If full occupancy 430 1720 2150 

Percentage occupancy 30.6 % 

 
As peak congestion usually occurs during the commuter rush-hour, repeating the analysis for purely 
commuting trips reveals an even lower occupancy rate:- 
 

Commuting Car Trips Driver Passenger Total Occupants 

Actual trips 118 18 136 

If full occupancy 118 472 590 

Percentage occupancy 23.0 % 

 
 
For the rail network, the following occupancy rates can be deduced:- 
 
 

Rail System Passenger Kms (mil) Train Kms (mil) Ave pass / train 
National Rail Network 49,007 463.5 106 
London Underground 8,352 70.5 118 
Glasgow Underground 46 1.2 38 
Docklands Light Railway 326 4.4 74 
Tyne & Wear Metro 313 6.2 50 
Blackpool Trams 9 0.7 13 
Manchester Metrolink 210 4.0 53 
Sheffield Supertram 44 2.4 18 
Midland Metro 51 1.5 34 
Croydon Tramlink 141 2.2 64 
Nottingham NET 44 1.2 37 
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All light rail 1,185 24.0 49 
All rail 58,544 557.8 105 
 
Without more detailed information on train sizes and number of seats available, it is not possible to 
further analyse occupancy levels. It is known, for example, that typical underground trains can carry 
up to approx 1,000 people (approx 250 seated and 750 standing). On this basis, the underground 
average occupancy is little more than 10% max capacity, or 50% seated capacity. However, this is 
average occupancy, and at times of peak demand, underground trains can be operating at high 
occupancy levels. 
 
This is where the modularity effect of trains can be used to advantage. Most trains are made up of a 
number of carriages, and the number of carriages can be varied to suit the demand at that particular 
time. This saves the wasted energy of moving excessive rolling stock during periods of low demand, 
whilst providing suitable capacity during periods of high demand. However, some rail vehicles, such 
as the Victorian Blackpool trams, are not modular in this way. Therefore, during periods of low 
demand, there either has to be low occupancy, or an infrequent service. The former puts up prices, 
which discourages customers; the latter is less convenient, and so also discourages customers. 
 
For buses and coaches, it seems more difficult to determine passenger occupancy levels for the various 
regions covered. However, an approximation can be made for local buses within Great Britain as a 
whole from:- 
 
     

Local bus vehicle km (per annum) 2,801 million 

Local bus passenger journeys (per annum) 5,164 million 

Average trip length per passenger 7.2 km 

Therefore local bus passenger km (per annum) 37181 million 

Therefore average local bus passengers per bus 13 

Vehicle stock (20% d/deckers + 80% s/deckers) 55 average vehicle seat capacity 

Therefore average people occupancy rate 24 % 

 
For domestic air travel, seat occupancy is data given directly, as 65% 
 
Freight occupancy levels 
 
Freight occupancy for road goods vehicles can be estimated as follows:- 
 

Total goods vehicle km (per annum) 29.4 billion 

Total goods carried kgs km (per annum) 173.1 trillion 

Therefore, average load in kgs 5888 

Average load capacity of UK fleet in kgs 19000 

Therefore average freight occupancy rate 31 % 

 
At first sight, this seems low, especially as you might expect each truck to do half of its journeys full 
(either there, or back). However, many goods are bulky, rather than heavy, and so a ‘full truck’ is not 
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necessarily up to its maximum weight limit. A more sophisticated means of determining freight 
occupancy is required, which is beyond the scope of this document. 
 
Similarly, it is not possible to determine rail freight occupancy, as there is no data available on 
national rail carriages. Over a third of rail freight is the movement of coal, which should be close to 
50% occupancy, as the coal wagons will be full in one direction, and empty in the other (unless they 
remove ash or some other by-product on the return). 
 
A significant amount of maritime freight is by containerisation. Although largely an international 
activity as far as shipping is concerned, it becomes a UK domestic activity in terms of road transport to 
and from the docks, as well as truck transport to and from the continent via ferries. From the data 
studied, containers account for just under 50% of marine freight transport. 
 
Infrastructure throughput capacity 
 
Railways have a typical throughput rate of 15 trains per hour, in each direction. Assuming 800 people 
per train, that is a capacity of 12,000 people per hour. Some Japanese railways run at 20,000 people 
per hour. London Underground can run as close as 2 minutes between trains, giving a peak capacity of 
24,000 people per hour. 
 
Motorways at peak times can carry 2250 cars per lane per hour. With a typical 1.2 people occupancy 
(at peak commuting times), a three lane motorway can carry 8100 people per hour. 
 
The “mark to space” ratio (length of gap versus length of vehicle) in both infrastructure systems is 
incredibly wasteful of resource, but necessary with old “flag and whistle” technology to give sufficient 
safety. Modern technology should be able to make an order of magnitude increase in infrastructure 
throughput capacity. 
 
 
Geographic coverage 
 
The geographic coverage of each infrastructure is obviously important, as it gives an indication of its 
ability to provide a suitable transport for people’s journeys (or part journeys, in the multi-mode 
approach), or freight movements. However, more is not always best, as certain types of transport suit 
certain types of journeys. In the extreme case, you wouldn’t do your supermarket shopping in a jumbo 
jet! 
 
For comparisons, therefore:- 
 

Transport 
infrastructure 
system 

Length 
of system 
km 

No of 
vehicles 
on system 

Annual 
Pass Kms 
on system 

Annual 
Freight 
Kgs Kms 
on system 

Vehicles 
per km 
length 

Pass Kms 
per km 
length 

Freight Kgs 
Kms per 
km length 

Roads 398,438 34million 749billion 173trillion 85 1.9million 434million 

Paths n/a 61million 19billion n/a n/a n/a n/a 

Cycle tracks n/a n/a 4billion n/a n/a n/a n/a 

National Rail 14,484 n/a 49billion 21trillion n/a 3.9million 1449million 
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Light rail 294 445 1.2billion n/a 1.5 4.1million n/a 

Waterways n/a 19,551 n/a 51trillion n/a n/a n/a 

Canals n/a n/a n/a n/a n/a n/a n/a 

Airports 
(domestic) 

n/a 957 9.5billion 35trillion n/a n/a n/a 

 
 
A frightening statistic from the above chart shows that we now have in the UK approximately one 
vehicle per 10 metres of road length, or 20 metres of road length allowing for the fact that roads are 
generally bi-directional. And apparently we haven’t reached saturation point yet! It’s hardly surprising 
that on-street parking in many towns and cities can be very problematic. 
 
It is interesting to note that rail is twice as efficient as roads- from a per kilometre of infrastructure 
point of view, at carrying people, and three times as efficient at carrying freight. 
 
Although there is something like 30 times more road kilometres than rail kilometres, it must be 
remembered that roads are much more ‘multi-purpose’. Instead, compare the 14 thousand kilometres 
of rail to the 54 thousand kilometres of motorway and trunk roads. Then, the ratio is more like four to 
one. 
 
 
Safety 
 
Inevitably, transport means movement. If good transport means getting to your destination quickly, 
then speed has got to be involved. This has obviously got to be done safely, both for the individual and 
everyone else who would be affected by an accident. Although it’s easy to glibly state that ‘speed 
kills’, the data below shows an opposite trend, with aircraft being both the fastest and the safest mode 
of transport. 
 

Transport system Annual deaths  Annual deaths per 
billion vehicle 
kilometres 

Annual deaths per 
billion passenger 
kilometres 

Typical vehicle 
speed km/hr 

Pedestrian 642 32.7 44 5 
Bicycle 135 32.1 34 12 
Motorcycle 588 105 111 70 
Car 1432 3.5 2.7 60 
Bus / coach 12 2.1 0.3 50 
LGV 58 0.8 0.9 60 
HGV 52 1.8 1.8 60 
Railway 5 8.9 0.3 100 
Domestic Air 0 0 0 300 
Marine 12 n/a 0.2 n/a 
 
A much more considered approach to safety is required. The inherent safety of the infrastructure 
system needs to be assessed, as well as the decision making processes and support systems of the 
people in control of the vehicle(s).  
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During a journey, there are critical locations along the route when the controller of the vehicle has to 
make key decisions. Failure to make the right decision can cause a problem, in extreme causing an 
accident, in more extreme cases causing death. The more decisions required per kilometre requires 
either a slower vehicle speed, or improved processes and procedures so that the decision making 
process is within the capability of the vehicle controller. Excessive distractions to the controller can 
obviously become dangerous, as can an inadequate capability of the vehicle controller. 
 
Once an accident has occurred, the risk of death depends on a number of factors, including the 
vulnerability of the person in the collision. A key factor here is the effect of dissimilar vehicle impacts, 
where there is a significant difference in the weights and stiffnesses of the vehicle(s) (and other 
objects) involved. A 100kg object has little effect on a 10,000kg object, but a 10,000kg object has a 
big effect on a 100kg object. 
 
Self preservation has had something to do with the sales growth of heavy 4x4 vehicles, but a ‘weight 
escalation’ is not the answer. The answer has got to be based on devising means of stopping the 
accidents in the first place, rather than focusing on post-crash protection, at the potential expense of 
the other party. 
 
There are many technologies that could assist here:- 
 

·  Higher vehicle controller competency (eg through simulator training) 
·  Vehicle type segregation (including pedestrians) 
·  Infrastructure developments / node point consistency 
·  Through routes segregated from residential routes 
·  Less street distraction 
·  Less in-vehicle distraction 
·  Navigational aids 
·  Camera assist (object recognition) 
·  Collision avoidance systems 
·  Lane assist 

 
 
Re-visiting the data, and looking at it by infrastructure system rather than vehicle type, gives a 
dramatically polarised result. Roads are by far the most dangerous infrastructure system. However, 
this is scarcely surprising, as roads are used by a vast range of people and vehicles, with no proper 
demarcation, and often little training or skill (eg children running across the road). 
 
Motorways have successfully increased demarcation, and hence improved safety (on a ‘per passenger 
kilometre’ basis). Cycle lanes painted on to some roads also attempt to provide some segregation, but 
are limited by parked cars, junctions, and discontinuous routes. 
 
Not only are roads inherently most dangerous from a mixture of vehicle types, they are also 
unbounded (other infrastructures tend to have limited and controlled access points), allowing the 
danger of uncontrolled animals and children (and adults) to cross the path of vehicles. 
 
Finally, roads also suffer from many road users having no recognised skill or competency in their use. 
Therefore pedestrians, runners, cyclists, horse-riders, roller-skaters, etc can access and use roads with 
no skill or expertise, and no control. As they could be launching themselves into a 40 ton truck, it is 
hardly surprising that roads are our most dangerous transport infrastructure system. 
 
By far the majority of accidents are caused by human error on the part of the driver or traveller, 
sometimes made more likely by deficiencies in the design of the transport system (eg blind junctions 



 76 

etc). Very infrequently are accidents caused by a failure of the vehicle itself. Increased driver 
competency has got to be good for safety, as has inherently good transport system design, with 
minimum complexity and distraction from the infrastructure. 
 
An opportunity for the future is the use of autonomous (driverless) driving systems. These are already 
in use, for example in lifts, and some trains. Aircraft are close with ‘automatic pilots’. Demonstrations 
have been made of driverless cars being used in real driving environments. 
 
Costs of travel 
 
For people travelling, the average transport costs can be identified and compared for the various 
modes of transport, including both public and private transport. This table computes the total annual 
UK costs, and divides it by the total UK travel, to establish an average cost per kilometre. 
 
(A similar comparison could be made for freight. Unfortunately, however, the data is either not 
available, or is too unreliable to use). 
 

Transport 
mode 

Vehicle costs 
(ownership & 
servicing etc) 

UK annual 
vehicle fuel 
costs 

UK annual 
ticket costs 

Billion 
passenger 
kilometres 

Average cost 
per person 
kilometre 
(2006 costs) 

Cars,vans & 
motorbikes 

£98,000 m £57,700m  650 £0.24 

Bicycles £1,525m Cals / km?  4  

By foot % of shoes? Cals / km?  20  

Rail & 
Underground 

  £8,900m 59 £0.15 

Bus & coach   £5,400m 50 £0.11 

Air   £7,000m 9 £0.78 

Other    £10,500m   

 
This represents the cost to the consumer of using these transport systems. Generally, the consumer will 
be paying the full costs of running these services. However, true costs are somewhat distorted by 
taxation levels, which can be used to provide a degree of government control on transport. For 
example, it is well known that not all “car road tax” goes into the road infrastructure. Similarly, there 
are degrees of government subsidy (both local and central) to certain public transport systems that are 
seen as strategically important but not currently commercially self-funding. 
 
Infrastructure investment 
 
It is therefore useful to also look at infrastructure investment, and compare that on both a ‘per 
kilometre of infrastructure’ basis, and also on a ‘per passenger kilometre’ basis. The latter needs to 
recognise also the freight carrying requirement, on a ‘per kg kilometre’ basis. 
 

Infrastructure Investment 
per annum 

Length of 
infrastructure 
(kilometres) 

Investment 
per 
kilometre 

Annual 
passenger 
kilometres 

Annual 
freight kg 
kilometres 

Investment 
per total 
1000 kg 
kilometres 

Roads £4,756m 398,438 £11,900 749 billion 173 trillion £0.02 
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Paths n/a n/a  19 billion n/a  
Cycle tracks n/a n/a  4 billion n/a  
National rail £3,766m 14,484 £260,000 49 billion 21 trillion £0.15 
Light rail £1,265m 294 £4.3m 1.2 billion n/a £1,400 
Waterways £230m n/a  n/a 51 trillion  
Canals n/a n/a  n/a n/a  
Airports £1,779m n/a  9.5 billion 35 trillion £0.05 
 
This highlights a number of points. New infrastructures, such as light rail (and tramways) obviously 
require significant investment in their creation, whilst older mature infrastructures require a lower 
‘maintenance’ level. It should be noted that this investment includes the whole infrastructure, such as 
stations, signalling, airports, etc. 
 
Different infrastructures have a different balance of costs. For example, aircraft flying through the air 
have no infrastructure cost analogous to the continuous roads and rails required by surface transport, 
but they do have more expensive node point costs, in the form of airports, runways, and control 
towers. 
 
In one sense it is encouraging that almost half the rail revenue is being spent on infrastructure 
(excluding rolling stock), although it begs the question: is the customer seeing the value-for-money 
results of this? At the other extreme, only about three percent of total road transport costs are being 
spent on infrastructure. 
 
Energy consumption 
 
The total energy consumed by UK transport, per annum, is quoted as 59.81 million tons of oil 
equivalent. As implied by the word ‘equivalent’, this includes all types of energy, including electricity. 
Using the stated conversion (1 ton of oil equivalent = 11,630 kWh), then the UK annual transport 
energy consumed is 695.6 billion kWh.  
 
The UK energy used by all final energy users (ie domestic, industry, agriculture, etc, and transport) is 
1801.1 billion kWh, therefore transport uses 39% of the total end users’ energy. However, energy is 
used in the mining, transporting, refining, storage, distribution and transforming of energy, so the 
energy content of the raw materials used to create energy is far higher. (See Chapters 5 & 6). 
 
The comparison of energy efficiency between the various types of transport has to be looked at on 
both a people transport basis and a freight transport basis. 
 

Transport 
mode 

Annual 
consumption 
kWh (billions) 

Passenger 
kilometres 
(billions) 

kWh per 
passenger km 

Freight kg 
kilometres 
(billions) 

kWh per 
freight 1000kg 
km 

Car (petrol) 195  425.6 0.388   
Car (diesel) 56 134.4 0.417   
Motorcycle 1.6 6 0.267   
Van (petrol) 5   812 6.15 
Van (diesel) 71   10,788 6.58 
Trucks 99   170,186 0.58 
Bus & coach 19 50 0.380   
Rail 16 59 0.031 21,200 0.38 
Marine 18   50,800 0.35 
Air 162 Dom & Intern  Dom & Intern  
Bicycle  4    
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By foot  20    
 
Another source gave these fuel consumption comparisons for freight travel:- 
 

Transport system Vehicle GVW Fuel consumption 
(tons-miles/gallon) 

Energy consumption 
(kWh per 1000kg km) 

Train 12,000 tons 4,500 0.080 
Ship 17,500 tons 420 0.879 
Truck 40 tons 280 1.32 
 
 
A number of points are worth considering here:-  

·  Although it seems that the petrol cars and vans have a lower fuel consumption than the diesel 
versions, this is distorted by the greater number of small vehicles that are petrol powered, 
whereas the larger vehicles tend to be more diesel powered.  

·  The total rail energy consumed is for both passenger and freight transport. An estimation has 
been made for that split, based upon the kg km of each. 

·  Rail transport can be seen as very energy efficient. This is down to a number of factors, 
including very low rolling resistance due to the steel rails and wheels, no unnecessary starting 
and stopping, long vehicles giving efficient aerodynamics, etc. 

·  Trucks are also reasonably fuel efficient, relative to what they do. A truck can achieve around 
10 mpg, yet transport around 30 tons. This is equivalent to around 400 people. 

·  Bus & coach figures are more car-like than truck-like. This is down to occupancy, and the fact 
that they are constrained more by the space requirements of transporting people than the 
weight effect. That is also why a truck couldn’t really transport 400 people, even if it was 
powerful enough to! 

·  London Underground trains are very energy efficient, and at peak times manage to transport up 
to around three times the number of people expected, by the fact that three quarters of the rated 
passengers are standing, and so taking up much less space.  Whether this is acceptable in a 
transport system of the future is debatable. 

·  For comparison, a two-seat electric car has a calculated energy consumption of 0.06 kWh per 
passenger kilometre from claimed data, under ideal conditions. However, that is using a very 
limited performance envelope, and therefore not strictly comparable to other cars. 

·  All of the above data is based on the ‘tank to wheel’ energy consumption of the vehicles 
studied. From a planet sustainability point of view, it is the ‘well to wheel’ figure that should 
be studied. Chapters 5 & 6 investigated the ‘well to tank’ aspects of going from raw energy at 
source to refined energy at point of use. 

·  Approximately 30% of petroleum is used for non-energy purposes (eg manufacture of plastics). 
Therefore even in a carbon free transport system, there will still be a requirement for 
petroleum. 

·  The ‘what if’ ideas that spring from this and other data in this document are discussed in the 
next chapter. 

 
 
 
CO2 Emissions 
 
The total CO2 produced annually in the UK is quoted as 554.5 billion kilograms (554.5 million 
tonnes). Being a gas, with a density of 1.98 kg/m3, this is obviously a very large volume, equivalent to 
a column occupying the area of the Old Trafford football pitch, and extending 38,000 kilometres high. 
Another way of visualising it is that it represents a covering of nearly 1.2 metres deep across the whole 
of the UK’s land area, each year. 
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Of this, transport (at the point of use, ie, not including the energy production and distribution), 
accounts for 23.6% of this. 
 

Transport mode Annual CO2 
emissions 
(billion kgs) 

Passenger 
kilometres 
(billions) 

CO2 per 
passenger km 

Freight kg 
kilometres 
(billions) 

CO2 per 
freight 1000kg 
km 

Car  68.7 560 0.123   
Motorcycle 0.5 6 0.083   
Van 19.9   11,600 1.72 
Trucks 25.8   170,186 0.152 
Bus & coach 4.9 50 0.098   
Rail 2.2 59 0.019 21,200 0.052 
Water transport 19.2   50,800 0.378 
Air transport 43.2 Dom & Intern  Dom & Intern  
Bicycle  4    
By foot  20    
 
Again, rail can be seen to be CO2 efficient, though not by the same margin as for energy efficiency 
(approx factor of 5 instead of 10). This implies that rail vehicles do not have the same powertrain 
efficiencies as road vehicles have, even though the vehicles themselves are energy efficient. A similar 
argument could be applied to marine transport. 
 
Air transport data contains a mixture of domestic and international flights, and so it is not possible 
from this source to establish either the energy efficiency or the CO2 efficiency. However, from other 
sources it suggests that xxxxxxxxxxxxxxxxxxxxxx. 
 
 
Sustainability 
 
Sustainability has already been covered in Chapter 5, as part of the energy review. However, another 
aspect of sustainability is the issue of raw materials required to produce products, and their re-
cyclability. Cars are currently 80 - 90% recyclable. However, in the interests of improving fuel 
efficiency and reducing CO2, car manufacturers are introducing increasing levels of complexity and 
mass, for example electric hybrid vehicles are heavier, and contain a wider variety of materials, such 
as neodym rare earth magnets in the electric motors, and a whole cocktail of chemicals in the batteries. 
An electric car can be typically 400kgs heavier than its non-electric counterpart. This, and the ever 
increasing complexity of cars, seems to be at odds with long term sustainability 
 
It has also been said that it is good to encourage older, less efficient vehicles to be recycled and 
replaced by modern more efficient vehicles. On the face of it, it does, and in the current economic 
gloom, some countries are supporting their car companies in doing this. However, from a planet 
sustainability point of view, the energy and raw materials required to manufacture a vehicle, even 
allowing for the re-cycling contribution, are very significant compared to the energy consumed by the 
vehicle in its lifetime. Therefore, unless there is a massive improvement in energy efficiency of the 
new vehicle over the old vehicle, it is not good practice from a sustainability point of view. 
 
Data? 
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10. PROPOSED AREAS FOR IMPROVEMENT 
 
 
The reason for the broad coverage of subject matter in this document is to form a well-rounded 
understanding of the material. This is to try to avoid the pitfall of making recommended 
improvements, that in the wider context only shift the problem somewhere else. The authors’ 
experiences have been that a number of initiatives have been championed, only to change to severe 
back-pedalling later on, as the wider implications have been better understood. 
 
Therefore, ‘good’ improvements need to be a winner all round, and not dependent upon a miracle in 
some other area, or reliant on that material known as ‘unobtainium’! 
 
The proposals covered in this chapter are:- 
 

1) Increased rail travel, especially for longer distances 
2) Easier transport mode connectivity 
3) Increased passenger occupancy 
4) Improved infrastructure robustness 
5) Improved infrastructure throughput – signalling / control systems etc 
6) Increased high speed rail travel 
7) Increased freight occupancy – distribution systems 
8) Increased freight on the railways 
9) Bio-methane to help fuel trucks & buses 
10) Vehicle energy consumption improvements (eg mechanical flywheel systems) 
11) Electric vehicle power ‘pick-up’ system 
12) Autonomous vehicles (versus driving enjoyment) 
13) Hydrogen vehicles and fuel cells 

 
 

1. Increased rail travel, esp for longer distances 
 
The comparisons made between the various forms of transport emphatically show the superiority of 
rail travel, from the point of view of energy consumption, CO2 emissions, and safety. From a per 
passenger aspect (and what other aspect is really valid – it is people that have a need to move, vehicles 
are there simply to satisfy that need), rail travel is something like ten times more energy efficient than 
any road transport system.  
 
It is sadly ironic, therefore, that of all the infrastructural systems, it is the national rail network that has 
suffered a decrease over the last decade in the length of network available to the customer. This, of 
course, on top of the major cuts made in the sixties. 
 
A degree of optimism can be taken from the growth in new light rail systems in many major cities, as 
long as their uptake is not hampered by poor accessibility, and excessively short term commercialism 
in terms of investment pay-back periods making fares uncompetitive. 
 
As Beeching himself said, railways cannot compete with roads at a micro level, but they should be 
more than competitive with roads at longer distance travel, and entry and egress into heavily populated 
areas. Doubling the number of rail passenger kilometres would immediately give a ten percent 
reduction in transport energy consumed, and similar improvements in CO2 emissions and overall 
transport accidents. 
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To achieve this would obviously require infrastructure and rolling stock improvements, but to attract 
that number of additional passengers, there would need to be a perceived better value offering. This 
could include:- 
 

·  Better accessibility – car parks / shuttle buses 
·  Higher speed service 
·  More frequent service 
·  Lower cost tickets (feasible, as currently half the ticket price is going on infrastructure) 

 
Ultimately, a true high speed train service should be developed (like Germany, France, Spain, Japan, 
China, etc). (See proposal 6). 
 
 

2. Easier transport mode connectivity 
 
Most journeys are multi-modal, especially when using public transport, and its inevitable fixed routes. 
To improve the overall journey often requires an improvement in the multi-modal connectivity. 
Attempts have been made at this, with concepts such as park & ride schemes, which is really only the 
same as providing a car park to a railway system, but for buses. 
 
In my town, the railway station is a mile from the town centre, yet has no proper car park and  no 
shuttle bus connection (which it did 100 years ago) and the platforms are too short for many trains to 
stop at, yet it is supposed to support a catchment area of over 100,000 people. Once on the train, the 
service to Birmingham and other major destinations is quick and efficient, far better than going by car. 
The lack of accessibility to public transport is certainly a barrier to its use. 
 
The second barrier to multi-modal journeys is the navigational support, both in knowing what services 
and connections to use when planning the journey, and then an ‘at-elbow’ support whilst making the 
journey. For example, how many signs are there for people going from bus to rail and vice-versa? 
 
We’ll happily repeat the link to the excellent online multi-mode journey planner and timetable 
http://www.transportdirect.info, and Transport for London have a similar planner. This just needs to be 
much more widely publicised, and full information down-loadable to mobile phones. Similarly, a dial-
up service is required for non-PC users, such as the elderly, for whom a more specialist support device 
with GPS and real time timetable information could be very useful. 
 
An additional convenience required with multi-mode transport is better multi-mode ticketing. 
 
Making public transport more popular in this way will benefit everyone, by reducing road congestion, 
providing a more stress-free journey, and giving people more time to do other things whilst travelling. 
The increased use of public transport will justify increased spending on its infrastructure, although of 
course this is a chicken and egg situation. Again, the new tram and light rail systems are testament to 
this. 
 
Nodes equipped with metered electrical battery charging for short home-to-node commuting will be 
required as short travel electric vehicles become available. 
 
 

3. Increased passenger occupancy 
 
As mentioned before, it is people (and freight) that need the transport, and vehicles are simply means 
of getting them from A to B. Therefore occupancy has got to be a significant factor in transport 
efficiency. Obviously, the desire to achieve high occupancy goals cannot be at the expense of 
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providing a good, frequent, service, rather it should be used as a means of employing the right size of 
vehicle at the right time, and minimising duplication or overlap of vehicles or services. 
 
During commuting periods, it is seen that the cars are at only around 25% occupancy level. Three 
quarters of the cars on the road during commuting (peak congestion times) could be removed if cars 
were used at full occupancy. This would make massive improvements to congestion, energy 
consumption, CO2 emissions, safety, and also people’s costs of transport, which are now shared. 
 
Whilst realising that full occupancy in all cars is unrealistic, a significant change from the current low 
level must be possible with the right systems and enablers. 
 
To make this work, an internet and/or mobile phone system would be required. This would need to 
match up an individual’s ‘journey requirements’ with car a driver’s ‘lifts offered’ in a realtime way, 
integrated through a route planning system, as a complete journey may still need to be made up from 
individual elements (separate lifts). To ensure personal safety, there would need to be an initial 
screening process to ensure only legitimate people could take part, and also perhaps a feedback score 
system, to help weed out undesirables, and give scores in advance of getting into a stranger’s car 
(Ebay type system?). 
 
It is possible, or even likely, that over a period of time patterns would develop, and particular 
individuals’ sharing could become regular, ie ‘friends’ (Facebook type system?). 
 
Whilst there are already websites devoted to lift sharing, such as https://www.liftshare.com , they are 
more orientated towards business, and charge fees. 
 
It should be remembered that a lift share system could be very attractive to the elderly, and so an 
appropriate adaption of the system should be made accessible to the elderly. 
 
The longer term benefit of this is that overall traffic congestion, and on-street parking congestion, 
could be reduced by the ‘reluctant driver’ finding that a better (and cheaper) solution is not to be a car 
owner, but a car lift-sharer. 
 
To encourage its uptake, experiments have taken place giving bus lane access and specific car parking 
spaces to lift share vehicles. However, policing it is an issue, as famously seen in the USA where 
people tried to fool enforcement cameras with inflatable doll passengers! Modern technology should 
be able to devise a foolproof human occupant sensor. 
 
There is a special ‘multi-occupancy’ lane on the M606 / M62 interchange for 1.7 miles, in West 
Yorkshire, and its legitimacy of usage is apparently enforced by West Yorkshire Police. 
 
Road pricing is a much maligned tool, recently rejected by Mancunians, considered by many to be 
simply an additional car tax. Used bluntly, it is. However, its original objectives were based on the 
need to reduce congestion and improve traffic flow. Simply pricing traffic off the roads, which will 
affect the less well-off first, is an incredibly brutal approach, especially when there is no viable 
alternative (as there is in London). Instead, road pricing should become more sophisticated, and relate 
to occupancy levels. Then, a full vehicle (which is socially justifiable), is encouraged relative to an 
empty vehicle (which in the context of congestion, energy usage, emissions, etc, is more socially 
unacceptable). 
 
 

4. Improved infrastructure robustness 
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Now that vehicle reliability has become almost a given, it is infrastructure unreliability that causes 
most journey unpredictability. This seems to be true whatever transport infrastructure system is used. 
Either it is the ‘wrong kind of leaves’, or a dusting of snow, a domestic incident in a house that causes 
the road outside to closed for days, the perpetual digging up of roads to access utility services, or the 
continuous resurfacing required for roads that were never intended to take today’s traffic levels. 
 
Whilst there are plenty of ‘processes & procedures’, ‘health & safety issues’ etc, there doesn’t appear 
to be any technological development established to improve the operational robustness of transport 
infrastructure systems. With the exception of tarmacadam, road construction technology has scarcely 
progressed since the Roman days. Arguably it’s worse, with all the utility services tucked underneath, 
which seem to need regular access. 
 
There was a time when closing one of Her Majesty’s roads required royal consent. There now appears 
to be very little concern for the traveller with the regular disruptions to transport infrastructures. When 
a road is closed off, inevitably there is an increased traffic flow on alternative and often longer, usually 
more minor roads, with the safety risks associated. This is exacerbated by drivers trying to recover lost 
time. 
 
Although there is data on investment and maintenance of transport infrastructures, there is no data in 
terms of the success of money spent on maintenance, such as measurements of infrastructure down-
time 
 
There needs to be an increased commitment to keeping transport infrastructures operational, with 
appropriate technologies, and processes and procedures to support it. Improving infrastructure 
robustness not only reduces congestion and improves journey time reliability, but it also reduces 
energy consumption and CO2 emissions, as well as local inhabitant distress. 
 
 

5. Improved infrastructure throughput – signalling / control systems etc 
 
A crucial part of the rail network is the signalling system, which only recently seemed to make the 
whistle and the flag redundant. With modern telecommunication and IT technology, it should be 
possible to increase infrastructure throughput, whilst improving safety. Multiple passive sensors can 
give confidence to accurate and reliable vehicle detection, giving precise speed and location. 
Computer programs can then ensure correct settings of railway points, or road traffic lights, to 
maximise throughput. Particularly with the railways, and their more controlled environment than the 
road system, it should be possible to achieve very high levels of throughput. It can be noted from a 
commuter’s observations that London Underground is able to run trains with less than a minute’s 
interval between successive trains. With a fully autonomous (automatic driver system), as used in 
other European countries, train intervals could be reduced further: after all, the time interval is mainly 
to provide traditional driver thinking time,which a computer should be able to do ‘instantaneously’. 
 
An experiment on the M25 and M42 motorways, of using closely coupled speed control signs with 
camera observations, has shown that peak time congestion can be eased. This system encourages more 
uniform and consistent vehicle speeds, closer to autonomous driving, and so improves throughput. 
Similarly, interconnected sets of traffic lights can encourage traffic to move as though coupled 
together into virtual ‘trains’, and the movement of these trains can then be programmed to maximise 
throughput, via minimal stopping and starting, yet minimal interference from ‘train’ to ‘train’. Its 
success is obviously dependent on drivers maintaining the ‘train’, by driving in as uniform a fashion as 
possible. This is more feasible at peak commuting times, as most drivers have a similar capability and 
attitude to driving. It is less feasible with greater variations in vehicle and driver capabilities. 
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This is by no means a new concept. Film buffs will remember that Milan allegedly had a computer 
controlled system for the whole of the city’s traffic light systems back in the 1960s, as seen in the 
original The Italian Job. Today, IT systems should be vastly more capable. 
 
Indeed, it could be argued that the next big transport infrastructure system in the 21st century (see chart 
from ‘history of transport infrastructures’ in Chapter 2) is not a new physical, spatial, infrastructure as 
in the past, but a sophisticated national control system over all transport infrastructures, which 
maximises throughput, safety and energy consumption, minimises CO2, and provides customers with 
an efficient integrated transport system. This is something of a change in direction from the current 
fragmented and disjointed transport system(s) of today. 
 
 

6. Increased high speed rail travel 
 
There can be no doubt that rail is a very efficient form of transport. It is ironic, therefore, that the 
country which invented the system has now fallen so far behind the rest of the world in its ongoing 
development.  
 
As discussed in Section 1 above, rail has the potential to be the most efficient and effective form of 
inter-city transport. Despite years of a beaming Jimmy Saville, and the rail network, advertising 
(almost apologetically) that “we’re getting there”, we haven’t. 
 
If we were the leading country in transport development, we would have high speed trains running 
now from London to Birmingham in half an hour, London to Leeds or Manchester within an hour, and 
London to Glasgow or Edinburgh within two hours. It would be so convenient and cost effective that it 
would attract large numbers of customers out of cars and domestic air flights. This, together with the 
multi-modal transport supports at each end of the journey, would then make public transport much 
more competitive in journey times, cost efficiency, and overall comfort and practicality. 
 
 

7. Increased freight occupancy – distribution systems 
 
Just as passenger occupancy is argued to be a significant parameter, in Section 3 above, hauliers are 
very familiar with the need to maximise freight occupancy – an empty truck doesn’t pay for itself! 
Therefore, always attempting to organise a return journey load is of vital commercial importance. 
Larger transport companies will be matching up freight requirements to try to maximise freight 
occupancy in their vehicles.  
 
However, there are many smaller transport companies, as well as the myriad  ‘white van men’ who 
may not be able to ensure regular return journey loads. 
 
It is proposed, therefore, that there should be a national freight database, which acts like a dating 
agency! People with needs for freight movements can identify their needs, in terms of start and end 
destinations, type of load, criticality of date, etc, and this can be matched to transport vehicle 
availability. Whilst this is already done to some extent with the various parcel delivery companies, 
some of which use out-sourced private delivery vans, a national system for all freight requirements 
should reduce the number of empty goods vehicles on the roads. 
 
An aspect of freight transport efficiency is aggregating small individual loads into larger efficient 
loads for longer distance transportation. Small vans are very effective for small local drop-offs or 
collections, whereas large trucks are more effective for longer distance transportation of larger loads. 
Hence, the use of distribution centres to provide the interface between these two types of goods 
transportation. This also gives the ability to maximise freight occupancy in each type of vehicle. 
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8. Increased freight on the railways 
 
A natural development of the above section is to then integrate distribution centres with railway goods 
depots. Rail freight transport is approximately twice as energy efficient as trucks, and contributes 
significantly to CO2 reduction (by approx a factor of three). There is also a congestion benefit, as a 
single train can carry as much as a large number of trucks. 
 
In particular, rail freight should be very effective as longer distance transportation of containers, with 
the ability to make direct connections to ports or Channel Tunnel. 
 
The proposed new 430 mile rail freight link from the channel tunnel to the north of England is 
expected to take 10,000 trucks off the road, saving some 5,000,000 truck journeys per year. 
 
 

9. Vehicle energy consumption improvements (eg mechanical flywheel systems) 
 
The reader may well have noticed a lack of emphasis so far in this document on energy saving systems 
on vehicles, or alternative fuels. The reason is twofold. 
 
Firstly, vehicle manufacturers and fuel companies are already working on them, and the general public 
are already very aware of products such as the Toyota Prius hybrid electric vehicle, and many people 
have heard of bio-fuels, even if they don’t necessarily know much about their availability and 
characteristics. 
 
Secondly, in many instances, both the percentage changes and the percentage take-up by the consumer 
are limited. For example, a Toyota Prius, with its combined petrol and electric power units, achieves a 
fuel consumption level very similar to a diesel vehicle. Similarly, bio-fuels, intended to reduce our 
reliance on fossil fuels, in reality can ever only be a very small (and probably declining) part of the 
fuel mix, as the world’s rapidly growing population is going to need all the available agricultural land 
for food production. 
 
Although many developments are good, such as overall weight reductions and more fuel efficient 
engines, many appear to solve one problem by creating another larger one. 
 
Every time energy is changed from one form to another, there are losses. These losses add up, to give 
an overall system efficiency. For example, an internal combustion engine is most efficient at particular 
speed and load conditions. Outside those areas, the efficiency can be improved by the assistance of 
another power source, such as an electric motor with controller and battery. However, the vehicle is 
now heavier, and energy has to be converted between different forms, such as mechanical, electrical, 
chemical, etc. Therefore, you don’t get what you think you ought to get. 
 
An alternative hybrid system, which keeps everything mechanical, is the flywheel hybrid system. This 
is ‘spun up’ during vehicle deceleration, so that it can assist the vehicle when it next needs to 
accelerate. By assisting the normal internal combustion engine, the ic engine can be retuned to further 
improve its efficiency. By using all mechanical components, the resources and re-cycling are more 
compatible with current vehicle technologies. 
 
However, all of these technologies tend to give relatively small gains in the real world, compared to 
previous actual mode-to-mode comparisons. 
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10. Bio-methane to help fuel trucks & buses (and cars) 

 
As discussed in the ‘new energy sources’ section of Chapter 5, capturing methane from waste 
vegetation and slurry is both commercially viable and environmentally beneficial. Using this fuel to 
assist in the powering of trucks and buses also makes good commercial and environmental sense, 
particularly as it would reduce our need for imported crude oil. Fuelling one’s car at home from 
natural gas is already a possibilty. 
 
As this system is already in significant use in other countries, setting up the necessary plant and 
distribution systems in the UK should be an obvious step to take. 
 
 

11. Electric vehicle power ‘pick-up’ system 
 
Electric vehicles have the potential to fill a need for city transport. They are clean, at the point of use, 
quiet, simple to use, energy efficient (tank to wheel), and ideally suited to low speed, short range 
activities. 
 
The big problem with electric powered vehicles is their batteries. They are heavy, consume significant 
world resources and give recycling issues, and have a low energy content compared to a tank-full of 
fossil fuel. This is bad enough, but the real problem for most real-world customers is the risk of getting 
stranded through running out of energy. With a fossil fuel car, you pull into a service station, and five 
minutes later, you have a full tank again. With a battery car, you have to wait hours to get enough 
charge for the rest of a day. If the car promised freedom, it now promises journey anxiety and 
significant limitations.  
 
However, most people view electric cars as a city vehicle, where journey distances are lower. This fits 
strategically with the above sections in this document, where small electric vehicles can provide the 
diverse transport requirements at each end of a multi-modal transport system. This could be via a car 
hire type of system. 
 
To make the electric vehicle less constrained by battery limitations, there are two options:- 
 

a) Battery swap-over system 
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Many battery powered machines that have batteries that can be removed and replaced. These batteries 
conform to a standardised format, so that replacement is straight-forward. There is no technical reason 
why electric powered cars cannot have a cassette type battery system, with an infrastructure system 
analogous to a service station where the batteries are swapped over, and the customer can then 
continue with a fully charged battery. The swap-over could be undertaken in the same time as filling 
up a conventional car with fuel. 
 
This will give proper car-type mobility- the downside is that even more batteries will need to be made, 
further depleting world resources. 
 

b) Continuous power pick-up from the infrastructure 
 
Comparing the different transport systems shows that electric trains don’t carry batteries around with 
them; they have continuous power pick-up from conductors that are part of the rail infrastructure. This 
used to be the case with some roads, during the era of trams and trolley buses. Nowadays, power can 
be transmitted without having to have dangerous and mobility limiting parallel conductors. It is 
suggested that non-contacting power supplies could be built into the roads, and an on-vehicle 
automatic energy monitoring and pricing system developed. There may still need to be a small battery 
on the vehicle to ‘bridge the gaps’ in supply coverage. 
 
This could then result in:- 
 

·  Electric vehicles that could be driven ‘continuously’ 
·  Much lighter vehicles without the battery mass, and therefore more energy efficient, and 

vehicle package space efficient 
·  Much less world resources consumed in the manufacture of these vehicles 
·  The vehicles could still benefit from re-generative braking, putting the energy back into the 

electric network 
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·  As the vehicles are city orientated, that would be the logical place to start establishing the 
infrastructure, which fits in with where the customer density is greatest, and hence the 
investment more justifiable. 

 
 

12. Autonomous vehicles (versus driving enjoyment) 
 
A natural longer term development to providing increased driver aids and assistance is to move to 
fully autonomous vehicles. Although many people find this alarming, in the future it won’t be. 
 

·  Aircraft already have ‘automatic pilot’ systems 
·  Linear ‘stop-start’ systems, such as lifts in buildings, use simple push-button indications for 

destination demand 
·  European countries have driverless trains 
·  The manufacturing world has used autonomous robots for decades, even in heavily populated 

factory areas 
·  Vehicle manufacturers have made and demonstrated driverless cars in both research and public 

road areas (eg the Prometheus project) 
 
There are many benefits to using autonomous vehicles:- 
 

·  Most drivers find driving in congested areas is stressful 
·  Most accidents happen due to driver errors 
·  Controlled driving can give optimal energy efficiency, and minimise vehicle emissions 
·  Autonomous vehicles can be ‘ganged together’ to form virtual trains, to improve traffic flow, 

reduce congestion, and further reduce energy requirements and emissions 
·  Real-time traffic information can be used to optimise journey routes and journey times 
·  It would be possible to link autonomous vehicle guidance with lift-sharing to give an easier and 

more effective overall transport service. 
·  An increasing number of drivers are ‘reluctant drivers’, for whom an interest in driving 

proficiency is ‘not my department’ 
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The autonomous vehicle concept is compatible with the vehicle being a form of transport. However, it 
is recognised that a number of people (probably now decreasing) own vehicles as a source of pride, 
and the opportunity for driving enjoyment.  
 
This can be seen through:- 
 

·  Classic car & bike rallies 
·  Car, bike & scooter clubs 
·  Motorsport 
·  Track days 
·  Ride-outs 
·  Taking in the countryside / pleasure trips 
·  Off-roading 
·  Steam fairs 

 
 
These are perfectly legitimate uses of vehicles, but different from the energy efficient transportation of 
people and freight covered so far in this document. By improving ‘mass transportation’ as proposed 
above, and keeping ‘cherished vehicle’ activities geographically separate, as far as possible, the 
conflict between the two can be minimised. 
 
 

13. Hydrogen vehicles and fuel cells 
 
This one, to us, is the wild-card. Although we are happy to change our minds (as we have about 
mechanical flywheels, of which we used to be dismissive), we struggle with the joined-up logic for 
these vehicles.It is true that, at the point of use, they sound fine. A very lightweight fuel, with only 
water coming out of the tailpipe, and an electrically powered vehicle but without the weight and 
world’s resources in the form of batteries. What’s not to like? 
 
However, hydrogen has to be made, generally from electricity. Therefore, as electricity is involved at 
both the start and the end of the energy cycle for these vehicles, they are essentially electric cars, but 
storing energy as compressed hydrogen instead of in electric batteries. 
 
When the sums are done in terms of energy required to produce hydrogen, to compress it (to 700 bar, 
so that there is enough of it in a sensible sized tank), to distribute it, dispense it, etc, and then to 
convert it back to electricity in the fuel cell, the overall well to wheel efficiency then looks like:- 
 
(Well-to-wheel data required, for both H2 and CH4 routes) 
 
With direct electric pick-up systems (section 10 above), isn’t the need for this redundant?
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11. THE TRANSPORT VISION 
 
From the above data collection, analysis and interpretation, it is now time to piece together the 
elements for improvement (from the previous chapter), and see if we can create a holistic picture of an 
integrated transport system that delivers significant improvements in transport for both people and 
freight transport, and for the environment. 
 
Integration is the key word, and implicit in this is the need to maximise the use of the best elements, 
and to ensure efficient and effective interchange between these elements, to deliver a simple seamless 
journey for the traveller. This means migrating to a ‘preferred’ transport system for particular elements 
of the multi-modal journey of the future, rather than having multiple systems all in competition with 
each, and all ineffective and inefficient for diverse reasons. 
 
The government’s transport paradigm of short term market forces through fragmentation and 
competition is fatally flawed. Mass transport is all about getting as many people as possible reliably to 
the destination as quickly and as cheaply as possible. This is much more analogous to mass production 
in industry, where low cost and high quality and reliability come from robust processes, as much 
integration as possible, sharp focus of product component to purpose and long term investment, all 
leading to and sustaining high throughput numbers. 
 
 
Long journeys (eg over 100 Km each way) 
 
Looking at the data, there can be little doubt that the most environmentally sound way to travel longer, 
intercity distances is by train. It is also the safest and potentially the most comfortable way to travel. It 
should also be the cheapest, as it is the most energy efficient. 
 
With proper development of infrastructure and rolling stock, it will become significantly faster than 
road and air travel. New technologies will allow higher throughput capacities, allowing for increased 
uptake and revenues to support the passenger migration to rail. 
 
Inevitably, these journeys will be multi-modal, with other (medium or short) journeys at either end to 
make up the complete journey. To make the overall journey acceptable, the modal interchange must be 
quick, easy and effective (see below).  
 
Freight will mirror people transport, in using the railways for longer distance carrying of more 
regularly loaded freight (eg containers, easily palletised freight, trailers, etc). This will be moved 
between ports and/or regional distribution centres. 
 
 
Medium journeys (eg 10 – 100 Km each way) 
 
In this area, there will still be some train travel, but the rail network is too patchy to deliver most 
customers’ journey needs. Therefore, this is the area in which buses /coaches and trams / light rail 
systems will come to the fore. 
 
In rural areas, where public transport coverage is inevitably sparse, there will be more use of private 
transport (ie the car), but with the opportunity for it to be used in a more ‘socially inclusive’ way, 
through an integrated national lift-share system (see below). 
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Freight will be moved by truck from regional distribution centre to either point of use for larger 
commercial freight, or local distribution centre for smaller or more personalised freight. 
 
Transport in this region will benefit from the use of bio-methane production, significantly reducing the 
UK’s dependency on fossil fuel imports, and reducing CO2 emissions. 
 
 
Short journeys (eg up to 10 Km each way) 
 
This category makes up the greatest number of journeys, both as short journeys in their own right, and 
as the start and end of larger journeys. By their very nature, they are geographically very diverse, 
including every home, place of work, school, shop, etc. Inevitably, it is only roads that can be used for 
this, and generally a high degree of user independence is required here. In more densely populated 
areas, especially at peak times, forms of public transport can be used, such as buses. However, to 
maintain an acceptable service frequency in less densely populated areas and / or outside peak times, it 
becomes more usual to employ smaller buses or even mini-buses. 
 
The private car excels in this role in terms of convenience, except for the fact that its usually poor 
occupancy levels create congestion problems at peak times in certain locations. The answer here is to 
increase occupancy levels (decrease car numbers, and hence congestion) by supporting lift-share. In 
this way, the current hard edges between private transport and public transport become usefully 
softened. To support this, a strong effective telematics system is required (see below) 
 
In this role, the private car takes on a more focused set of requirements, very much suited to electric 
powered city cars. 
 
Although walking and cycling are possibilities with this journey length, it is recognised that this is 
unlikely to become the norm. This is because of a whole host of issues, such as time taken, weather 
unpredictability, number of road crosses to be made, safety, etc. 
 
Freight will be transferred or the first / last part of its journey to and from small users by the delivery 
van. Whether this is the local delivery of the internet supermarket shopping, the delivery or 
dispatching of Ebay purchases, or any other catalogue or internet commerce, the panel van is ideally 
suited to these collections and deliveries. Based at a local distribution centre, these delivery vans could 
become (or revert to being) electric powered. 
 
 
Interconnections (eg less than 1 Km) 
 
This can include popping down to the local shop / pub, but more regularly includes walking from car 
park to station, bus stop to place of work, etc. In most cases it is done by walking, often because there 
is little choice. However, for the disabled, these journeys are often by wheelchair or scooter. Within 
major infrastructures, there are often means of assistance, such as escalators or (in airports) 
longitudinal travelators. These interconnecting journeys can often be the worst part of a multi-modal 
journey, as they can include getting wet, getting lost, getting confused with where the destination 
really is, etc.  
 
At airports, where the car parks can be very large, part of the interconnection can be via a shuttle-bus. 
ATS Ltd are instead introducing a more personalised autonomous vehicle system, being trialled at 
Heathrow. 
 
The convenience of the private car in the previous section (short journeys) inevitably leads to the 
inconvenience in this section, due to the number and size of car parks required. 
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The solution is to integrate the short journey and the majority of the interconnecting journey by a 
combination of:- 
 

·  Communal (perhaps autonomous) electric city cars (more like shopping trolleys) 
·  Pick up and drop off points for communal electric city cars inside the transport node 

points (eg bus and train stations, supermarkets, shopping malls, etc). 
 
The electric vehicles could be battery powered, and recharged automatically when awaiting customers 
in the node point, or utilise battery swap-over or continuous energy pick-up from the infrastructure, as 
appropriate. 
 
For freight, the interconnecting journeys are within the distribution centres, or ports. The movements 
might be by fork-lift trucks, or in the case of large container ports, by the overhead cranes as currently 
used. A significant issue here is the IT logistics systems for tracking freight, and the aggregating up 
and down of container size. 
 
 
Nodal interchanges 
 
The multi-modal journey will always struggle to compete with the more direct ‘car only’ journey, even 
with heavy congestion, if the nodal interchanges are poor. Sometimes, the nodal time wasted is greater 
than the actual travelling time. How ineffective is this? 
 
Supermarkets provide shopping trolleys, both at points within the car park and at the entrance to the 
supermarket, for the convenience of carrying a few bags of shopping, usually once a week. Why can’t 
something analogous be done for people, travelling every day? 
 
Firstly, the travelling system hierarchy needs to be better defined, ie which transport system is 
supporting which (eg main lines and feeder lines). 
 
From this, a co-ordinated timetabling is required. Also, geographical changes are required to support 
this (like a bus service that goes to the railway system, rather than trying to race along the road beside 
the train). 
 
The layout of nodal interchange points needs careful consideration. Internal distances need to be 
minimised, yet the peak flows need to be achieved (eg a full train emptying its passengers at the final 
destination).  
 
The need for large (and time consuming to use) car parks at many nodal points could be significantly 
reduced by the introduction of communal electric city cars, especially if autonomous vehicles are used. 
 
 
Multi-modal journey assistance 
 
Planning and executing an unfamiliar journey today requires a fair amount of detective work. It is true 
that there are good websites now available, such as ‘Transport Direct’, and some information is 
downloadable to your mobile phone, which can now have GPS. 
 
However, our vision is for a completely usable mobile phone system that will allow:- 
 

·  Last minute journey planning / re-planning, based on where you actually are (from GPS 
determined location) 
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·  Numbers or regular destination ‘favourites’ can be stored 
·  Travel options given, including times from real-time timetable information 
·  Links to lift-share options and availabilities given 
·  Once a travel plan has been selected, the phone acts as the personal GPS guidance (including 

inside the nodal points, ie it takes you to the correct railway platform or bus stop) 
·  The mobile phone system communicates with the transport system to allow you to travel 
·  From the GPS data, the system knows which transport systems you have been using, and 

automatically bills you accordingly 
·  The same system could be used with taxis and/or communal electric city cars. 
·  Provide all of the above functionality in an integrated, easy-to-use way. 

 
 
Quantifications 
 
Although more detailed feasibility studies would be required to provide reliable quantifications and 
costings, it is possible to identify ‘order of magnitude’ opportunities. 
 

# Change and assumption ‘Order of magnitude’ change Other improvements 

1 50% domestic flights migrate 
to high speed trains 

10 billion kgs CO2 reduction 
40 billion kWh energy saved 

Reduced pressure on airport 
expansions 
Reduced fossil fuel imports 

2 50% longer motorway car 
journeys migrate to high 
speed trains 

7 billion kgs CO2 reduction 
25 billion kWh energy saved 

Reduced motorway congestion 
Reduced fossil fuel imports 
Improved comfort / time utility 

3 50% longer distance freight 
migrated to railways 

5 billion kgs CO2 reduction 
20 billion kWh energy saved 

Reduced motorway congestion 
Reduced fossil fuel imports 
Reduced road damage 

4 Buses & trucks migrate to 
dual fuel bio-methane /diesel 
system 

10 billion kgs CO2 reduction 
90 billion kWh diesel saved 
70 billion kWh bio-methane 
used 

Reduced fossil fuel imports 
Reduced methane to the 
atmosphere 
Smoother, quieter vehicles 

5 Lift-share used by 50% 
people during peak time 
commute 

6 billion kgs CO2 reduction 
25 billion kWh energy saved 
50% less peak time car traffic 

Reduced fossil fuel imports 
Quieter & safer roads 

6 Vehicle manufacturers 
improve energy efficiency by 
further 20% 

26 billion kgs CO2 reduction 
140 billion kWh energy saved 
(based on current car usage) 

Reduced fossil fuel imports 
Reduced operating costs 

7 50% urban cars migrate to 
electric city cars 

5 billion kgs CO2 reduction 
20 billion kWh energy saved 

Reduced fossil fuel imports 
(but more electricity reqd) 
Quieter / fume-free city centres 

8 Additional 20% population 
migrate from private to 
public transport (multi-modal 
support, and improved nodal 
interchanges) 

6 billion kgs CO2 reduction 
25 billion kWh energy saved 
20% less car traffic 

Quieter / safer streets 
Increased public transport 
usage enables more investment, 
delivering better facilities 

9 Adoption of autonomous 
vehicles in key urban zones 

50% reduction in road 
accidents 
50% improved traffic flow 

Reduced stress & road-rage 
Wider accessibility to transport 

10 Increased internet / phone  
shopping delivery (30%) 

2 billion kgs CO2 reduction 
8 billion kWh energy saved 
5% less car traffic 

Reduced land area devoted to 
car parks 
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Although many of the above items have an interaction, and cannot legitimately added together in full, 
the above does indicate a significant opportunity to moving to a sustainable transport system in a 
realistically achievable way. 
 
The ‘order of magnitude’ total improvement from the above is approximately:- 
 

·  59% reduction in CO2 
·  56% reduction in petroleum energy usage 
·  30% reduction in road vehicle traffic 
·  50% reduction in road accidents 

 
These benefits would also deliver to the traveller:- 
 

·  Reduced cost of travel 
·  Less personal capital (or debt) tied up in vehicle ownership 
·  Improved transport accessibility for all 
·  Quieter and safer roads 
·  Reduced land devoted to car parks 
·  Reduced road damage from HGVs 
·  Reduced city centre noise and fumes 
·  Less driving stress 
·  More predictable journey times 
·  More ability to do other things during the journey 
·  Less impingement of driving on socialising 
·  Greater opportunity for more spontaneous travel 

 
For industry, there are significant business opportunities:- 
 

·  High speed rail vehicles and infrastructure 
·  Bio-methane plants and vehicle manufacture / conversions 
·  Vehicle energy efficiency systems 
·  Electric city car manufacture 
·  New infrastructure control system technology, to improve both throughput capacity and safety 
·  IT telematics / personal guidance systems 
·  Automatic ticketing systems 
·  Transport infrastructure interchange improvements 
·  New non-contacting electric power transfer technology 
·  Autonomous vehicle development and manufacture 
·  Freight distribution systems (and interchange centres) 
·  Local delivery systems 
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12. MANAGEMENT of CHANGE and  LEADERSHIP 

 
There is a whole industry given to change management. Whilst not wanting to replicate it here, there 
are a number of essential issues that need to be borne in mind when contemplating anything as 
massive as an improvement to transport. 
 
This includes:- 
 

·  Variety of stakeholders, and engrained views 
·  Variety of requirements 
·  Rate of change 
·  Progressive change versus step change 
·  Early adopters 
·  Abilities / technology levels of different people  
·  Acceptance of the need for change 
·  The pros & cons of change, the ‘tipping point’ 
·  Organisation & management of change 
·  Leadership of change 
·  Capitalising on change – commercial opportunities 
·  The change process 
·  Trials and progressive ‘roll-out’ 
·  Regional versus national issues 

 
 
Whilst not wishing to become a change management document, it is worth remembering what all this 
is for. 
 
There is a temptation to think of ‘transport’ as ‘vehicles’, when really it is all about ‘people’ and 
‘goods’. Understanding the needs of people and freight transportation, and then translating that into 
future demand, is a key aspect of transport planning. This is not necessarily the same as extrapolating 
the past. 
 
The ‘young’ 
 
Focusing on the young is valid, for many reasons:- 
 

·  They are often the early adopters, particularly of new technologies 
·  They are often already users of other, relevant technologies 
·  They are least constrained by ‘we’ve always done it this way’ 
·  They are the biggest stakeholders, as they will inherit the world 
·  They will also inherit the successes and mistakes of the current generation. 

 
For these reasons, the changes in transport should be developed in conjunction with this section of 
society. This will allow their natural creativity and innovation to be used, and also help ensure the long 
term viability of key strategic investments, which by their very nature can only succeed with long term 
planning. 
 
There are many worrying trends surfacing at the moment, such as:- 
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·  We are currently using up the world’s resources at a rate that would require us to have around 
three to five planets to achieve sustainability 

·  The population is growing at such a rate that the above sustainability figure is increasing very 
rapidly, as with increased population there is more demand, yet less unpopulated land available 

·  Children in the UK are the least happy of any developed nation, due to the selfishness of adults 
·  Arguably, the above could be giving rise to youth problems, including disillusionment and 

crime 
·  What sort of a social, economic, and environmental mess are our children going to inherit? 

 
In this scenario, I won’t want to be asked by my children’s children what I knew about the impending 
situation, and what I did about it. Burying my head in the sand won’t sound like much of an answer. 
 
I’m much more disposed to the native American Red Indian philosophy- that they don’t own the 
planet, they just look after it for their children. 
 
Also, the fantastic enthusiasm we had for the future in the ‘baby boomer’ era seems to be lacking in 
today’s youth, and so major initiatives like this could possibly help resource some increased optimism 
and sense of purpose in the young. 
 
The ‘elderly’ 
 
The above should not be taken to mean that the older generation is unimportant. As we’re increasingly 
joining their ranks, that statement is becoming increasingly valid! People are people, and so the 
underlying requirements are common; however, the details of implementation may need to be 
different.  
 
For example, some of the technologies of accessing transport in the future may not suit older people. 
Younger people are more adept at texting, mobile phone access of the internet, etc. Older people may 
well require a different handset for at-elbow multi-mode transport guidance, for example, but having 
the guidance will be just as beneficial to old and young alike. 
 
The old tend to have different time pressures and time utilisation. This could be used to advantage in 
the scheduling of transport take-up, and increased occupancy travel. There is also the opportunity, by 
making public transport more desirable and accessible, that social interaction can increase between all 
sectors of the community. This is not just more people on buses and trains, who tend not to interact 
much anyway, but increased lift-share, where social interaction is likely to be higher. 
 
 
Every journey starts with the first step 
 
It’s easy to be paralysed by the magnitude of an impending task. My early business mentor advised 
me, in times of difficulty / confusion / uncertainty etc, to start by making a list. That’s how I started to 
write this document. Many lists later, I got to here. 
 
To get a plan established and delivered, there are four stages, as shown diagrammatically here:- 
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The Four Stages of 
Getting From A to B 

STAGE  1 

STAGE  4 STAGE  3 

STAGE  2 
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The timescales required for embarking on this journey are becoming increasingly pressurised, due to 
the above factors. The King report suggested the need for an 80% reduction in transport CO2 by 2050. 
 
 
Change, and the human psyche 
 
One of the most difficult aspects of improving UK transport is not so much the technical issues 
involved, but the human ones. To some extent, this relates back to Chapter 3, and getting a good 
understanding of people’s requirements. However, it also requires an understanding of people’s 
reaction to change. Many people, particularly the elderly, have a fear of change. This can be because 
of a concern with their ability to cope and adapt, or due to rose-tinted spectacles that makes everything 
old appear wonderful. 
 
There is also the big issue of hypocrisy / selfishness / not in my back yard / impossibility etc. “I 
believe in the need for large wind farms to generate clean energy, but don’t site them anywhere near 
me”. “I want to carry on driving my gas-guzzler car as before, it is other people who should be off the 
road, and out of my way”. “I don’t want any new motorways being built and spoiling the environment, 
but I want to live out in the country and be able to get to my job in the city in my car in ten minutes”. 
“Everyone should slow right down when they pass by the front of my house, but it’s OK to speed up 
when passing other people’s homes”. Etc, etc. 
 
There is also the big fuss created at every change. We can remember the fuss created when changing 
to decimal currency, which is now some forty years ago. It seemed so obvious to us as teenagers, yet 
the pounds, shillings and pence brigade were up in arms. However, how many people would now want 
to go back to pounds, shillings and pence? 
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To help legitimise change, and to get the snowball rolling, it is necessary to identify the ‘early 
adopters’, and get them on side. When BMC introduced the original Mini in 1959, it was almost a flop 
as it was thought to betoo radical. However, once famous celebrities were pictured driving round in it, 
it then soon caught on. Part of the human psyche is the sheep mentality, which advertising and 
promotion is all about- as is ‘fashion’. 
 
It is also important that any new system or change is properly ‘sold’ to its target customers, 
remembering that it is much more important to sell the benefits rather than the widget. This can be 
seen below:- 
 
 

Company Product / Service Customer Orientation 
Revlon We make cosmetics We sell hope 

Missouri-Pacific Railroad We run a railroad We are a people-and-goods 
mover 

Xerox We make copying equipment We help improve office 
productivity 

International Minerals and 
Chemicals 

We sell fertilizer We help improve agricultural 
productivity 

Standard Oil We sell gasoline We supply energy 

Encyclopedia Britannica We sell encyclopedias We are in the information-
production and distrib business 

Columbia Pictures We make movies We market entertainment 

Carrier We make air conditioners and 
furnaces 

We provide a comfortable 
climate in the home 

 
 
 
Leadership 
 
There has been a temptation to believe that market forces will always find the ultimate solution. 
Market forces tend to be driven by personal greed, and the collapse of the world’s financial system has 
exposed financial greed as a socially unacceptable model for sustainable global development. It’s 
almost sickening to see the banking chief executives falling over themselves to say that they are now 
putting the customer first, not shareholder profits. 
 
Transport has suffered for some time with the need to make short term profits, rather than the long 
term requirements of society. The Channel Tunnel only happened when there was a prime minister 
with sufficient leadership to make it happen. Left purely to market forces, it would never have 
happened. 
 
The de-regulation of the bus system and the break-up of the rail network were done to provide 
‘competition and market forces’. However, the consequence is that the integrated transport system 
required by the customer is now further away. Bus companies only chasing lucrative routes are no help 
to customers who don’t happen to live on a lucrative route. The collaboration required between 
different transport providers to give the customer a multi-modal transport solution is now seen by them 
as counter-commercial. 
 
What is more important- to maximise profits or to provide a customer-orientated transport system? It 
is no wonder that public transport has lost out over the years to the private motorcar. 
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Other countries have seen the folly, and invested in better public transport systems and better inter-
connectivity between transport modes. 
 
Leadership is now required to reverse the trend, and improve the UK transport system. 
 
By leadership, rather than abdication to improper short-sighted commercial forces, the UK could enjoy 
a vastly improved and integrated transport system, to the benefit of both the commuter and the supplier 
of the systems, creating wealth and jobs.  
 
Hopefully, it will also give our children a future. 
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   13. CONCLUSIONS 
 
The objective of this document was to take a holistic view of UK transport, covering both people and 
freight transportation, covering both public and private transport, and looking at all of the UK’s 
transport infrastructures. 
 
As transport cannot exist without energy, a holistic view of transport has to also cover energy, its 
creation and distribution, and its long term sustainability. Similarly, the sustainability of the raw 
materials used in creating current and future transport has to be considered. 
 
By using consistent metrics, and looking at the whole ‘well-to-wheel’ provision of transport, it has 
been possible to make recommendations based on the overall effectiveness and efficiency of transport 
modes. 
 
It then becomes apparent that:- 
 

1) Although we are stuck with the current geography of infrastructures (roads, rail, etc), they 
could be made much more robust and productive by using more up-to-date technology in their 
construction, and developments such as sensors and control systems to improve flow and 
minimise disruption. Ultimately, this should lead to autonomous vehicle control. 

 
2) Much more support is required for multi-modal journeys, both in the planning of them and the 

execution of them. There is a business opportunity here, starting with younger early adopters, 
perhaps on mobile phones, but leading through to systems compatible with the elderly. This 
also requires a more integrated approach to transport, with more thought given to transport 
system interchange points. 

 
3) Road congestion is a big and growing issue, yet car occupancy at peak times is very low. A 

system is required to increase car occupancy, to the mutual benefit of both car driver and car 
passengers. Another business opportunity exists here. In this way, the demarcation between 
private and public transport will be usefully blurred, and measures can be taken to encourage 
this. 

 
4) Similarly for freight, a business opportunity exists to match transport demand to transport 

availability, and so reduce the movement of empty or underutilised carrying capacity. 
Distribution centres should be located at major road to rail interface points, so that longer 
journeys of freight are by rail. 

 
5) A more ‘horses for courses’ approach is required to capitalise on the strengths of different 

transport systems. For example, trains are around ten times more energy efficient than private 
cars (and even more so than aircraft). Therefore, they should become the preferred choice for 
inter-city travel, and smaller light railway /tram systems for larger city access. 

  
6) Cars are more adaptable at the local level, where electric power makes most sense, and this 

should become a greater focus for car manufacturers. 
 

7) Presently, electric cars use stored on-vehicle energy by battery (or hydrogen and fuel cells). 
Neither makes much sense in terms of cost, wasted energy, mass and other limitations. Far 
better to replicate the train system of picking up the energy from the infrastructure. Rather than 
the problems of fixed high voltage conductors, it would be better to use non-contacting pick-
ups buried into the road. Electric cars will necessarily be mainly used for city and short 
journeys. 

 



 102 

8)  Just as the horse, the canal boat and the steam engine ultimately became relegated from 
‘transport system’ to ‘hobby & leisure activity’, so eventually will the current motorcar if 
society demands an improved transport system, using much less energy and CO2 emissions on 
an existing geography of infrastructure for a growing population. The future motorcar will be 
part of an integrated transport system, and less of a personal statement. 

 
9) The general public should be encouraged to use the more energy efficient public transport by 

making it better (ie quicker and more convenient), rather than just making private transport 
increasingly bad. A key part of this would be to make intercity rail travel much quicker. 
Currently, in the UK, modern trains are no quicker than a steam train. Many other developed 
countries (including China) have proper high speed trains. 

 
10) In terms of energy, capturing and using biomethane gas produced from waste and from suitable 

fast cropping non-food crops is an obvious short-term and longer term step. Renewables will 
inevitably only ever be a useful but relatively small part of the equation.A larger reliance on 
biomethane into the natural gas infrastructure will help maintain gas supplies for many 100s of 
years. This opportunity enables broadly similar current technologies to be used … evolution 
not revolution. 
 

11) The long term hope is nuclear fusion produced energy. 
 

12) To make all of the above happen requires leadership, and an integrated approach to transport, 
rather than the current fragmented approach. This also applies to funding, investment, payback 
periods, and pricing. 

 
13) There are significant opportunities for business and technological innovations, which could be 

to the benefit of UK travellers, academia, OEMs, supply companies and jobs, as well as 
providing export opportunities. 

 
 
 
 
O&S Technology Ltd have produced this document to sponsor discussion and debate on the subject 
matter covered, and look forward to being involved in developing these ideas further. 
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Appendix 1   “Transport Statistics 2008” – DfT Publication 
 

Mode Table 
Passenger km by mode 1.1 (& 6.2) 
Average trip length 1.3 
No of trips per person per purpose 1.4 
Length of trips per person per purpose 1.5 
Passenger casualty rates per mode 1.7 
Time taken to get to work 1.9 
Household expenditure on transport (private & public) 1.13 
Investment in transport (infrastructure & vehicles) 1.14 
Air Travel  
Air traffic activity (passenger & freight) 2.2 
Air punctuality 2.3 
Air km / pass nos / pass km / seat occupancy / cargo etc 2.4 
Air forecasts 2.5 
Aircraft fleet 2.6 
Energy / emissions  
Petroleum use by mode 3.1 
Energy use by type / mode 3.2 
Average fuel consumption by vehicle type 3.4 
CO2 output by vehicle type 3.7 
Freight  
Domestic freight by commodity type / freight system 4.2 
International freight by commodity type / freight system 4.8 
Rail freight 4.10 
Maritime  
Maritime freight 5.1 & 5.8 
Vessel tonnage 5.15 
Vessel revenue & expenditure 5.16 
Rail  
Length of rail network (inc underground, tramways) 6.2 
Passenger km 6.2 
Passenger revenue 6.2 
No of stations served 6.2 
Train km 6.2 
Bus / coach / taxi  
Bus / coach vehicle km 6.9 
Vehicle stock 6.10 
Bus / coach revenue 6.11 
Passenger journeys 6.13 
Bus / coach financial support 6.14 
Operating costs – vehicle km 6.16 
Taxis 6.17 
Roads  
Road traffic by vehicle type / km 7.2 
Road traffic by road type / km 7.3 
Vehicle type / road type / km 7.4 
Traffic forecast 7.5 
Road lengths by road type 7.8 
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Vehicle speeds / type vehicle / type road 7.10 & 7.11 
Journey time reliability 7.12 
Road expenditure 7.13 
Road & fuel taxation 7.15 
Safety  
Road accidents / vehicle type / road type 8.2 & 8.3 
Rail accidents 8.8 & 8.9 
Vehicles  
Motor vehicles licensed / vehicle type / fuel type 9.4 
Goods vehicle types / weights 9.8 
Household car ownership 9.15 
Driving license holders (car) 9.16 
Annual mileage by car 9.17 
 
 
  
 


