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Research topic
This paper describes ongoing research that develops and analyses a set of transition pathways to a highly electric, low carbon UK energy system (Foxon et al., 2008, 2009, 2010). These pathways are driven by the UK Government’s target of reducing UK carbon emissions by 80% by 2050 (HM Government, 2009). The research is funded by the UK Engineering and Physical Sciences Research Council and the electricity utility E.ON UK and involves a consortium of researchers from UK universities. The research uses an analytical framework that examines the co-evolution of technologies and institutions, including electricity markets and regulatory frameworks. The consortium has applied this framework by identifying and exploring a set of transition pathways to a UK low carbon energy system. We focus on the role of electricity supply and demand, and undertake detailed technical and social analysis of the feasibility and acceptability of these pathways. This paper compares these transition pathways with the decarbonisation scenarios developed by the UK Department for Energy and Climate Change (DECC, 2009) and the UK Committee on Climate Change (CCC, 2010). In particular, the paper examines rates of deployment of low-carbon generation technologies, in order to inform the actions needed by market, government and civil society actors to achieve these.
Overview of related research

Previous research has examined how the co-evolution of technologies and institutions has led to the ‘lock-in’ of current high carbon energy systems, creating barriers to the adoption of low carbon alternatives (Unruh, 2000). Related research has examined transitions in socio-technical systems using a multi-level framework of interactions between landscape, regime and niche levels (Geels, 2005), and used this framework to examine socio-technical scenarios for future transitions in electricity systems (Hofman et al., 2004, 2010). We have developed an analytical framework for identifying and exploring a set of transition pathways to a UK low carbon energy system, which draws on these co-evolutionary and multi-level perspectives, together with related work on technological innovation systems (Jacobsson and Bergek, 2004; Markard and Truffer, 2008).
Methods

The development of the first iteration of the transition pathways drew on reviews of UK and international energy scenarios (Hughes et al., 2010), interviews with energy system ‘gatekeepers’, and workshops with stakeholders from policy, business and non-governmental organisations. Three core pathways explore alternative futures in which the governance of electricity systems is dominated by market, government and civil society actors, respectively. These actors will give different priorities to different social and economic objectives, including mitigating climate change, ensuring energy security and minimising prices to consumers, leading to different technological and institutional choices. For each core pathway, a transition narrative outlines the main co-evolutionary technological and institutional developments under that pathway. An initial quantification of the electricity demand and supply technology mix implications has been used to analyse the technological feasibility and social acceptability of the pathways, and to undertake a sustainability appraisal, including life cycle carbon emissions, using a whole systems approach. A second iteration of the core pathways and an analysis of key ‘branching points’ is now underway, drawing on the results of these analyses, historical cases studies of past energy transition processes, and further interactions with stakeholders from energy companies, policy-makers and NGOs.
Results and conclusions
Our three core transition pathways to a UK low carbon electricity system are:

· Market Rules: this envisions the broad continuation of the current market-led governance pattern, in which the government specifies the high level goals of the system and sets up the broad institutional structures, in an approach based on minimal possible interference in market arrangements. 

· Central Co-ordination: this envisions greater direct governmental involvement in the governance of energy systems and the pursuit of low-carbon energy, applying some of the principles of transition management.

· Thousand Flowers: this envisions a sharper focus on more local, bottom-up diverse solutions (‘let a thousand flowers bloom’), driven by innovative local authorities and citizens groups, such as the Transition Towns movement, to develop local micro-grids and energy service companies.
After the development and analysis of the first iteration (version 1.1) of these pathways, both the UK Department of Energy and Climate Change (DECC, 2009) and the UK advisory Committee on Climate Change (CCC, 2010) produced pathways and scenarios for reducing UK carbon emissions by 80% by 2050. Whilst our three transition pathways and the DECC pathways and CCC scenarios all assume a highly electric future, in which there will be significant penetration of both electric heating and electric vehicles by 2050, they make different assumptions about both the technological and behavioural changes leading to energy efficiency improvements and the mix of low-carbon generation technologies, between renewables, nuclear power and coal or gas generation with carbon capture and storage. 
Whole systems appraisal of the first iteration of our transition pathways suggests that, under plausible assumptions and including upstream emissions, the emissions intensity of power generation in these pathways would be between 200 and 300 gCO2/kWh by 2030, with slightly lower intensity in the Central Co-ordination pathway compared to the Market Rules and Thousand Flowers pathways.  The Thousand Flowers pathway has comparable cumulative carbon emissions to the Central Co-ordination pathway, due to lower electricity demand. The CCC scenarios envisage dramatic decarbonisation of the UK power sector, with emissions intensity falling from around 500 gCO2/kWh in 2010 to less than 50 gCO2/kWh by 2030.  This suggests that stronger actions may be needed to put the UK on a path to achieving an 80% carbon emissions reduction across the economy as a whole, such as significant reforms of electricity markets to encourage the levels of investment needed in low-carbon generation and demand management options. The paper assesses the rates of uptake of key generation and demand-management options needed to realise feasible pathways to a sustainable, low-carbon UK energy system, and how policy choices could serve to open up or close down the realisation of particular pathways and options. 
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