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Developing solutions to the UK Climate Change & Energy problem
Introduction
The case for climate change is to all intents and purposes established. Developed countries are convinced of the need for urgent action to cut Carbon Dioxide (and other greenhouse gases) by 20% in the 10 years to 2020 and 50-80% within 40 years i.e. by 2050. Also, developed countries are concerned about energy security because control of the major oil and gas reserves are now controlled by others that might wish to use them for economic and political ends to the detriment of those countries.

Recent UK energy reviews and the subsequent Climate Change bill mean that the UK is signed up to this agenda. Studies of the energy supply and consumption have set an agenda for change which includes:

· Internationally agreed targets  for emissions

· Improving efficiency of use

· Stimulating renewables sources of energy

· Carbon pricing to change energy price and sources of supply

· Recognition that much technology development is required

Institutional mechanisms including the Climate Change bill and Committee (1) are being put in place to achieve the climate change objectives, which it is assumed will deliver improvements in security of supply.
Energy Options

UK Studies and Energy White Papers have laid out the options for significant reduction in the carbon intensity of UK energy generation and use. 
The main contributors are seen to be:

· Energy efficiency affecting in main space heating and transport;

· Renewable energy generation with the main opportunities being on and off-shore wind, with the possibility of contribution from tidal;

· Nuclear – a proven technology that is expensive to construct but can make a large contribution subject to public acceptance of its safety and its means of waste disposal;

· Carbon capture and storage/sequestration (CCS) based on coal and gas powered generation.

There are specific reasons why the changes in heating and transport, which account for more than half of all energy demand, will be difficult to achieve in the shorter term (before 2030). Therefore, the main focus for change is on reducing the carbon intensity of electricity generation with the subsequent replacement of other fuels by ‘clean’ electricity.

For each of the carbon-free electricity options, there are barriers to mass early adoption to replace the ageing coal and nuclear power station that to close over the next ten years. Subsequently, reliance is placed by HMG on low cost CCS which has yet to be demonstrated at a scale and with costs that would make it attractive.

Polarised Views

In UK there is an emerging polarity of views, between an ‘optimistic’ and a ‘pessimistic’ position:

Optimists consider that achieving 90% decarbonisation of  energy supply (ex parts of  transport) is only a matter of setting the economic incentives – carbon tax or carbon pricing for ensure that suppliers change their investment strategies and consumers their behaviour.
The optimistic view is based on the marginal cost of carbon abatement for different technologies, including energy saving, together with the scale of carbon saving from adoption of the technology. Marginal carbon abatement analyses indicate that if the price of carbon is above £200/tne the annual saving for the UK would be ~20MtC pa by 2020 – 42% of current carbon emissions from electricity generation, or 13% of UK total.
Pessimists worry about the scale of what is being planned and its feasibility: either because plans depend on price rises that will not be acceptable to the public, or because adequate financing mechanisms for the investment are not in place, or because the technological and cost assumptions appear to be unrealistic.

Pessimists point out that: 

· Even where costs of saving carbon are currently negative (energy saving measures) progress is slow because of structural factors. 

· The short term nature of electricity and carbon markets with the lack of long term contracts for electricity supply, impede the funding of large investments necessary to change from high carbon to low carbon generation; 

· New technologies are being incentivised by spreading their additional costs over the whole electricity base – this will become progressively less sustainable as the proportion of subsidised generation increases from its currently minor position. 

· Scenarios chosen as the basis for policy are at the extreme edge of feasibility (BLUE scenario) - as defined by their originators at the IEA (3). 

Therefore, it appears that policy makers do not seem to recognise the scale of both investment and construction required to deliver the huge volume of new generation and additional infrastructure and the evident practical constraints.
Energy Modelling

Much of the energy modelling behind the policy reviews makes use of the free market assumptions embodied in the MARKAL model (4) which takes the possible energy technologies and applies defined future (Carbon) constraints and price assumptions to optimise total long term costs and estimate the energy generation mix, emissions and some consideration of mitigation options for the UK. For the 2007 Energy Review, MARKAL was linked to an economic model of the UK to include the feedback of energy price increase on demand.

MARKAL includes both sources and uses of energy and includes different sectors of consumption – hence is very useful in examining policy options and effects;

However, there are some assumptions which affect the forecasts. 

MARKAL assumes perfect foresight, hence does not include uncertainty of future fuel costs, technology developments which can affect investment decisions and the costs of Carbon abatement. Also, it has limited ability to include obstacles such as information barriers and because the economic model describes equilibrium, it does not cover the transitional costs and delays.
There is an implicit assumption that these ‘real world’ effects either have a minor effect on the forecast, or if they are important will be handled by other means in developing energy policies.

Study Objective

To identify means to bridge the gap between the UK Government energy policy objectives and the current mechanisms for delivery – solution to the energy problem including:
· Changes to energy markets, or regulation to deliver the required level and duration of investment;

· Explicit examination of investor and operator risk in the strategic plans;

· More effective technology development mechanisms;

· Optimisation of strategies and incentives to minimise total investment cost for UK ;

· Putting the UK energy supply and infrastructure plans on a more realistic footing.

Solutions

An approach to delivering the major impact to the carbon intensity of energy supply is through Socolow ‘wedges’ (5) – which were defined in response to the whole globe problem of saving 200 Gtne of Carbon in the period up to 2050, and which is required (with further measures affecting the other 60% of energy use) to keep the Carbon content in the atmosphere below 800 GtneC: equivalent to less than 50% above the recent CO2 level of 350-370 ppm.

A Socolow wedges is a large scale engineering solution that each will save 25GtneC over the period up until 2050. 12 wedges are required to achieve near-zero energy emissions which would reduce emissions by 8 GtneC /yr in 2050. An example of a Socolow wedge is the replacement of coal fired power stations by 1440 GW of wind power. This requires the installation, every day for the next 50 years, of 27 large (3 MW) turbines somewhere in the world.
Something similar the Socolow wedge approach was used by the IEA (3) in their studies of energy technology scenarios. 
IEA considered a number of scenarios. Their BLUE scenario was used as a definition of the possibilities for the UK by the Climate Change Committee. 
BLUE scenario is of a virtually Carbon-free power sector with significant fuel switching to support space-heating and transport. The scenario depends on technology developing faster that their relatively optimistic central scenario. Also, it requires early and strong action with a dramatic shift in government policies around the world to ensure existing forms of energy supply are replaced by carbon-free generation, together with very energy-efficient buildings and the wholesale replacement of the internal combustion engine by fuel cells, for perhaps a billion cars by 2050!
Approach
A better approach would be to a model a simplified version of energy supply system starting from its current position in conjunction. The approach includes a definition of supply and infrastructure investments and retirements that result form demand, economic and policy stimuli. This model is used to develop scenarios with the existing constraint-based and economics-driven models. 

Such a model would include the effect of delays and barriers to investment, in terms of the various forms of risk. Hence it should begin to bridge the gap between the ‘optimists’ and the ‘pessimists’ and provide a more coherent and a more dependable method of planning for policy makers

Elements would include:

· Examining the different engineering means, starting from the current energy supply, of achieving the policy goals, constraints and options - but with lower overall uncertainty of outcome;

· Including an examination of risk in the approach to investment and market support;

· Considering alternative technology development investment and delivery mechanisms: public, private, shared etc. to ensure technology is made available;

· Developing a more holistic view of plans, constraints and options for fuel/generation mix scenarios;
· Using scenarios to examine and optimise the total cost of change.
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