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Introduction

This workshop is not only interested in the impact of depleting oil and gas resources upon the world economy, but also in the rate of this depletion due to economic growth. I leave such chicken and egg analysis to the economics profession. It’s a tricky one.

Let me pose a different question. How fast can the world economy, seen as a whole,  expand? This is a question that can be answered in the whole, but not in parts, by using a procedure known as Natural Capital Accounting (NCA)
. From this exercise the demand and rate of depletion of oil and gas is derived. 

To understand this procedure one must distinguish between that which drives human motivation, which is money (and which is what economics is about), and that which actually drives the economy, which is work in the thermodynamic sense
. 

Human motivation: 

The economy is driven by the profit motive; in simple terms, by greed, or rather, collective greed of millions upon millions of entrepreneurs.  

The energy factor

Energy provides heat, but heat is not work. Energy is the source of thermodynamic work. It is the one non-substitutable, non-renewable factor of production. Forget your old fashioned production functions.

Production: 

All production is a process of entropy reduction. No transformation, no movement, no recycling, no conversion, can take place without thermodynamic work being done. 

The sources of such work are energy resources, of which oil and gas are incredibly convenient and effective. To reduce the entropy of one part of the system requires at least an equal increase in entropy in some other part of the system. No system can be 100% efficient

Simply stated, economic development is a process of entropy reduction at the expense of an increase of entropy in the energy sources deployed. 

Since all systems decay, that is, increase in entropy, a continual input of work  is required even to maintain the status quo.

To summarise. Human beings make decisions. Energy does the work.

Modelling the economy in physical terms:

When twenty five years ago we first explored the potential of Natural Capital Accounting procedures for modelling national economies we were surprised and delighted to find that when the models were programmed to seek the maximum possible rate of physical expansion of the economy, the system growth matched the historical data. 

This suggested to us that what was happening was that millions of entrepreneurs bent upon maximising their personal material welfare, though competing with each other, were nevertheless as a collective whole making the best of the situation within the constraints imposed upon them by governments, by resource costs and by international or national environmental constraints.

Modelling the World in top-down terms
There are two ways of modelling a system: bottom-up or top-down. 

There can be nothing more top-down than the global level; the world economy. This is the only level at which an NCA model can answer the question I have posed.

I have no time here to deal with details. They are adequately described in the literature
. Such models, as it were, forecast the climate not the local weather.  They describe the trend but not the short-term bumps. 

NOTE. Recessions and booms are partly the consequence of money being created at a faster rate than real physical productive capacity. Corrections inevitably have to take place. Following the boom of the nineteen nineties the current fall in the stock market was inevitable, especially given the development of creative accounting.

Modelling the world economy in energy terms is not greatly different from monetary terms, except that there is no need for elasticities of supply and demand. Much the same feed-backs are in place. All that is required is to know the thermodynamic work embodied in all processes of production and delivery of goods and services, where goods include capital goods, exports and consumer goods. Of course there has to be a high level of aggregation in respect of services, manufacturing, agriculture, oil extraction, electricity generation, domestic dwellings, water provision, and so on. 

Such data is not as difficult to find as might appear to those unfamiliar with the techniques.

For the purpose of this conference I have used an existing model - GlobEcco - by way of illustration of the NCA procedure. My group had the opportunity to develop this approach in 1991 at the behest of the Cité de la Science et de l’Industrie in  Paris
, who invited us to make a world model as two regions - developed and developing. It was to be used by the public to see for themselves the long term effects of such global variables as population growth, energy constraints, adopting different energy technologies, imposing environmental constraints such as CO2 limitation, and investment in energy conservation.

Data - Good old OPEC

It was the OPEC price hike of 1974 that triggered a world-wide interest in knowing the energy embodied in goods and services. For example how much energy dissipated to deliver a litre of milk, a tonne of steel or a tonne of petrol to the consumer, taking into account all the processes leading to the point of delivery. This branch of the art came to be known as Energy Analysis to distinguish from the phrase Energy Accounting which had been adopted by accountants and economists for a different set of procedures. Two international workshops hosted by IFIAS
 determined a set of conventions for such procedures. My group adopted these procedures to make models of national economies, and later applied the same generic model to the world and to the European Union
. 

Globecco model

A model is a slave, not a master. The User is the master and specifies the conditions. For the purpose of this conference I have used GlobEcco as it was in 1992 to project the future of the world economy to the year 2050 subject to the following conditions: 

· That current business-as-usual practices and policies persist into the future

· An assumed  population growth rate

· That food production is sufficient to feed the whole world population to FAO standards

· That there are finite endowed energy resources whose magnitude is correctly known and that their net energy as a function of depletion can be estimated

The first and last statements need elaboration.

Business-as-usual specifies:

· No Kyoto Accord successfully implemented

· Unchanged trade relations between developed and developing countries

· Modest energy conservation measures adopted

· A learning curve on renewable but not on nuclear energies

The model assumes all available energy resources can, if required, be deployed. The Sun, for example beams down an energy flux one thousand times that of current world demand. A net energy algorithm is built into the model whereby it preferentially uses those energy sources which can be tapped for the least expenditure of energy, whether this energy is operational or invested in capital structures, as in the case of renewable energy systems. This is a rational approach that minimises critical resource  depletion. In practice there are certain resources like tar sands that are currently extracted and can be marketed if subsidised.

Net Energy (or Energy Requirement for Energy) is the amount of energy dissipated in every way (embodied in operation, capital, materials) to provide a unit of marketable fuel. 

Figure 1 shows that model input data for oil as a function of depletion. The limiting value is the ERE for shales to oil.
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In the past the model has been used to explore the hydrogen economy, aid to the developing world, degrees of energy conservation, unexpected hydrocarbon discoveries, fast track implementation of renewables, and abandonment of nuclear power.

The physical modelling of future world energy demand

The model will be out-of-date in certain respects, and anyone wishing to use or develop this model would be advised to update it. Here are the projections from 1992.

Figure 2 depicts the energy demand and compares it with the ASPO Newsletter estimates of Dr Colin Campbell

Figure 3 shows world carbon dioxide output.

Figure 4 shows an index of global output. This rather stagnant after 2025, and eventually falls. In other words,  business-as-usual is not a sound policy for the future.
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Figure 2:  Energy demand/supply; units of giga-barrels/y
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Figure 3:  World Carbon Dioxide output, GT/y

Comment

This type of model tells one nothing about who benefits and who loses out. We might all be in thrall to the USA by 2050. China might have become the dominant economy. It is a truism in systems that the less the detail, the more reliable the result; a systems version of the Heisenberg Uncertainty Principle.

GlobEcco is in the public domain. Anyone is free to use it, or the methods underlying it.

I consider the practical application of such a model  to be able to demonstrate the long term effect of introducing alternative  policies. For example what would be needed for the actual implementation of the Kyoto Accord? What would be the effect of a reduction/increase in birth rates. How would positive transfers of  aid, with or without interest, change the relative balance between the developing and the developed world? What would be the effect of abandoning nuclear energy? Can renewable energy technologies, which are capital intensive, provide a long term future for the world’s energy supply?
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Figure 4:  Developed world growth in output and material standard of living. 1992=1

There is no one future. The model provides a rigorous basis for testing a huge range of options, such as the development of a hydrogen-based economy, of coal-to-oil technology, of  improved energy efficiency in transport and the application of fuel-cells, to name but a few of the current interests.  

The future is, of course, humanly controlled, but only within the limitations of what is physically possible.  The NCA ECCO model provides a way of assessing the practicality of our dreams, and what changes we may have to make to create a sustainable world economy.

Edinburgh, May 2003
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�  Chairman, Resource Use Institute, Edinburgh and one-time professor of Energy Studies at Strathclyde University and past director of the Carrying Capacity Project at the Institute for Ecology and Resource Management of the University of Edinburgh


�  There are many descriptions of Natural Capital Accounting in the literature. For example:


‘The natural philosophy of natural capital’ chapter 6 in ‘Towards sustainable development’ Eds,CJM van den Bergh & J van den Straaten, Island Press, Washington DC (1994), ISBN1-55963-349-2. Also ‘Management of Greed’ Slesser,M, King, J & Crane C, RUI Publishing, 1997 (ISBN1-872579-07-8


�  The thermodynamic work available from a unit of heat is diminished by the entropy change taking place, that is to say by the degree to which randomness of the inputs are reduced to create an output.


�  www.eccosim.org.uk


�  GlobEcco was developed by Anupam Saraph and Malcolm Slesser


�  Report 6, International Federation of Institutes of Advanced Study. This institute is defunct, but copies of this reportcan be found in major libraries such the British Lending Library. An abbreviated account of the method is to be found in ‘Energy in the Economy’ by M. Slesser, McMillan, 1978, ISBN 0 333 21495-1


�  For example see chapter 10 in ‘Not by money alone; economics as nature intended’, M.Slesser & J.King, Carpenter, Oxford (2002); ISBN 1-897766-72-6
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