Entropy and transportation systems
Introduction
This report will aim to show some interesting correlations between the appropriateness of an urban passenger transport system and entropy.  Before I start freaking people out with scary words like entropy, I want this word to become your friend.  This word may help you one day in your complicated world.  

Well, to simplify the idea, entropy is basically the lack of order that is created over time.  It is the way things tend to go (including my bedroom) ie. things will go wherever and end up all over the place.  You can think of it like the increase in possible places (or states) that things can be in as time goes by.
Think about going to a party – when you arrive you are at the front door, sober and a bit scared about what the night might bring.  As time goes on, the number of states you could possibly be in increases.  You could be happy, bored, drunk, tired, in love or maybe you’d eaten too much.  As to where you are, you could be on the dance floor, having interesting conversations in the kitchen, in the toilet, in a taxi, going for a late night cycle or maybe in prison (hopefully not though).  Your movements can also be varied – you may be cutting loose on the dance floor, performing interesting miming acts, still eating the good food, still chatting, shaking, or maybe completely uncontrolable.  The point is, as time goes by, there is less chance of knowing what state you’ll be in.  With everyone else at the party doing the same thing, it will look like one big entropic party.
In fact, the second law of thermodynamics states that the entropy of the universe will naturally increase over time.  Does this mean we should just sit back and wait for the world to become as messy as my bedroom?  Well, if we don’t do anything about it, we are definitely heading for some messy situations.  
Any closed system (nothing coming in, nothing going out) will always tend towards a more entropic state.  However, an open system (where there are interactions with the outside) may decrease in entropy, but it will be at the cost of increased entropy for its environment.  
So what does all this mean and what does it have to do with a transport system?  Entropy has been applied in many different domains from physical chemistry to information theory, but don’t fear – I am not going to give you a course on either.  We will stick to the topic that everyone can relate to of transport – people going from A to B. 

I am not going to pretend that every thermodynamic property has a perfect match in the urban world, but I will try and make some cute correlations.  Let’s look at what entropy really is in thermodynamics and then we’ll enlarge the system from the world of molecules, to the world of people and vehicles. 
Definition of entropy

Firstly, let’s take a closer look at the definition of entropy.  The more entropic a system is, the less likely we are going to know what the particles within it are up to (where they are and where they are going and with what momentum).  This is expressed in the equation below.
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Where Pi is the probability of a particle i being in a given microstate.  i.e. given a place in the system, a direction and a velocity, what is the probability of a particle fitting all these criteria.  An example of a microstate is shown below with the dot representing the location and size of the object, the direction of the arrow being the direction of movement and the size of the arrow representing the magnitude of the velocity.
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We will never know what state every molecule is in but this doesn’t mean we won’t be able to predict what the system will look like as a whole (on a macro-level).  The change in entropy of a thermodynamic system can be calculated as  
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∆U (which in thermodynamics is change in the internal energy) is the total amount of movement (all the travel taking place) and the costs required to produce this movement.  ∆W (which in thermodynamics refers to work done) is the value that the movements bring, in a sense that people are being directed towards a value-adding activity.  If you were to go traveling with no purpose ∆W would be zero, if you go to work or another activity which is not considered superfluous, ∆W will increase as the trips become more purposeful.  The value T (which in thermodynamics refers to temperature) would be the productivity level of the city.  
Aspects of transport related to entropy

Movement and the way we make things move not only involves lots of transfer of energy with conversions between nuclear, chemical, electromagnetic, mechanic, potential, kinetic all playing there part, it also, in itself, can be a more or less entropic or chaotic system.  It is the accumulation of many movements and how they relate to each other which creates this chaos.

Let’s take a look at some aspects of an urban transport system and how these increase the entropy of the system in different ways.  We will look at it both from the energy transfer requirements as well as the dynamics of the city.

The change in entropy of can be increased by changing the following parameters

· Travelling further induces more movement

· Travelling in individual vehicles creates increase volume of “particles”

· Higher speeds with high variation of the speeds of a flow of traffic

· Number of points where movement can occur in multiple directions (intersections)

· The more different directions people go

· The more mass we displace (the large our vehicles)

· The greater the size distribution of moving vehicles sharing the same space

In general the more entropic the system – the less safe, the less energy efficiency etc. etc…. all things bad …. Blah blah blah…..  

Pictorial demonstration of entropy in transportation
Figure *** shows one movement of one person from A to B in a region outlined by the box.
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But you are not the only one in this region which wants to move from different origins (A) to different destination (B).  So it gets a bit messier.  
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Added to this is that not everyone want to move by the same method.  Therefore there are going to be people moving, using things (vehicles), that have different weights and have different speeds.
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Note the circles represent the different size of the vehicles (or person without vehicle) which move at speeds of different magnitudes as indicated by the arrow sizes.

So, it is all looking pretty chaotic and this is only six people in this region.  There are ways in which the system can become a little less chaotic.  Firstly, people can choose to take fewer trips.
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Or shorter trips…..
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Or combining parts of the trip with others that have similar itinerates (public transport or car-pooling)
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Entropy and Co-generation (or multi-tasking)

Another interesting dimension is that while we must come to terms with the fact that entropy will increase, we can do lots of interesting things as we see the system slip down towards a more chaotic state.  This is known as co-generation in energy systems.  Examples of co-generation is using the heat released during electricity production for heating households rather than letting it diffuse straight into the environment, or using the chemical energy stored in natural gas to boil a pot of tea and then letting the residue heat up a room rather than directly heading towards the most chaotic/diffused system with direct heating.  This idea is being applied with vehicle technologies such as Hybrid cars, trains with regenerative braking, bicycles with “pedal powered” lights, even the heating inside a car is an example of cogeneration as “waste” heat from the engine is put to use instead of being diffused.

In transport systems co-generation could be analogous to what we get up to while we are transporting ourselves.  This could be a train passenger reading a book, a cyclist benefiting from the exercise, a car driver enjoying the feeling of being in control of such a “mighty beast” or socializing while walking and talking.  As you can see, different transport modes lend themselves to different co-generative activities.  I have summarized some of them in the following table.

	
	Exercise
	Activities requiring concentration
	Leisure of the transport mode

	Public Transport
	Usually requires walking to get to and from vehicle
	Depending on conditions, can eat, work, read, discuss –no real restriction except for spatial constraint
	Depending on conditions and person.  Can be tedious, meditative, fun

	Car
	Minimal (unless you can’t find a close park)
	Driver must keep attention on road and is therefore restricted-can listen and discuss
	Depending on conditions/traffic and person.  Can be thrilling, fun, frustrating, scary

	Bike
	Of course– (research into benefits)
	Very limited due to need to pay attention on the road and control vehicle
	Bikes are fun – well that’s my very wise opinion anyway 

	Walking
	Of course
	Car when crossing the road and avoidin running into people
	Depending on the space and walkability of the neighbourhood – pleasant, tiring or tedious 


Some feature of different transport modes

This is the way I have looked at a few different modes of transport in regards to their contribution to the entropy of the transportation system.  

Train – Many little particle people all get together to form one big macro-form called the train and all travel in the same direction for different legs of their journey.  During the train journey the momentum of all the people and the vehicle is harmonious.  The word train is also used to refer to order

Bus – Similar to a train but there are more possible paths and the overall mass is smaller.

Car – Little particle people raise their energy level and their mass (by enter into a heavy capsule) and take the most direct path to their destination.  The particles each individually react to the particles ahead with waves of stopping and starting as different vehicles cross paths and converge.

Bicycle – A bicycle is similar to a car but it is not quite as heavy or fast and has a smaller volume which can manoeuvre around the traffic and causes less damage when they hit another particle

Walking - Particles are running around free with a low level of excitement.  Occassionally they are required to cross the paths of other vehicles

Entropy and the energy required for transportation
Traditionally the energy requirements for transportation would be considered as the energy stored in the fuel to make an engine work, a motor rotate, or a heart beat.  This, however, is not the beginning of the “energy”.  Most of the energy we use, has made a journey from the Sun (with some of the earths own nuclear reactions helping a little bit).  

I hope to complete this section with more details (and pictures () but for now, this should fill you in a little bit on the travels of energy which allow us to travel.

It all starts here…….                         [image: image10.png]


 

And ends up as……
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But a lot of things happen along the way….

This gives you a brief idea of the generation of petroleum products….

	Process
	Year
	What goes on

	Nuclear reaction in the sun
	
	Every second the sun converts 4 million tons of hydrogen to energy and radiates it into space generating …. J/y

	Radiating to earth
	
	neglecting absorption by the atmosphere, each square meter of area facing the Sun receives about 1380 joules per second

	Photosynthesis and living
	
	Plants & other photosynthetic organisms such as bacteria fix 2x1011 T CO2 per year which is equivalent to 3x1021 J/y.

	Dying and Decaying
	
	After photosynthesis and the living matter has had enough of living, it dies and decays.  This releases lots of gases, provides nutrients for other living matter along then 1% of this dying biomass sediments (basically it gets included with lots of other minerals and stuff to make layers of rocks).

	Fossil Fuel Formation
	
	Of all the rocks on our planet, about 1 % is made up of organic (previously living) stuff.

Bacteria helps this organic material transform into solid compounds called kerogens (there is 10 000 000 billion tones of kerogen on this earth)

Due to tectonics (the movement of the earths crust), the sediment sinks deeper where the ambient temperature will increase at a rate of 0.5 to 20°C/million years

Kerogen undergoes pysolysis (burning in the absence of oxygen) with products of CO2 and H2O and when it reaches 50 to 120°C 




Here is a very basic view of some of the energy changes that occur to get you moving by different modes.  

Train – Sun-> chemical (vegetation fossilized to coal) -> heat (steam) -> mechanical (turbine) -> electric -> mechanical -> kinetic

Bus – Sun -> chemical (vegetation then fossilized to oil) -> heat -> mechanical -> kinetic

Car – Sun -> chemical -> heat -> mechanical -> kinetic

Bike – Sun -> chemical (the food we eat) -> mechanical (through respiration) -> kinetic

Walk – Sun -> chemical -> mechanical -> kinetic
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