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1 Executive Summary
1.1 Project objectives and scope

SAMI Consulting was commissioned by Energy & Utility Skills and the National Skills Academy for Power to undertake a short, initial foresight research project covering the activities of the Skills Academy’s four Sector Networks.

The overall aim of the project was to identify the skills challenges facing the UK’s power sector. The principal emphasis was on identifying the trends and drivers which will impact upon skill requirements over the coming decade, although consideration was also given to those that may shape the sector and its skill needs over a much longer term horizon (to 2050).
Based on a review of existing research, horizon scans and interviews with a small number of key industry stakeholders and experts, nearly one hundred industry drivers were identified.
These drivers were then reviewed by the project team in order to select those most likely to have the greatest impact on long-term industry skill requirements. This short list of key drivers was then divided into two broad groups: socio-economic drivers and technical drivers.

The 21 socio-economic drivers include a variety of economic, financial, political and social issues and trends that have the potential to effect the general environment within which the sector operates, as well as having significant sector-specific impacts. The 20 technical drivers comprised a range of both general and sector-specific technologies with the potential to have a significant impact on the future shape of the sector and its skill requirements going forward.

The relative importance and implications of these short-listed key drivers were then considered at a dedicated one-day workshop attended by a cross-section of sector participants.  A discussion about the future of the power sector was also held at the Skills Academy’s Many Skills: One Vision conference in March 2011, the key points from which were fed into this foresight process.

1.2 Key findings
The key findings from this exercise can be summarised as:
1.2.1 Key technologies

Technology will play a key role in shaping the sector’s future structure, composition and skill requirements and will need constant monitoring and reappraisal if the sector is to stay one step ahead (see point 1.2.4 below).

The current project analysis suggests that key technological drivers, which warrant on-going analysis into their potential impact on future sector structure and skill requirements, include:

· smart grids
· small scale local generation and networks
· power storage
· wind energy (on and offshore)
· marine energy
· carbon capture and storage and clean coal
· electric vehicles
1.2.2 Key uncertainties 

The analysis of key drivers of change points to some key areas of uncertainty and indicates that there are a number of potentially quite different scenarios that the power sector could face in the future.  The sector has the ability to influence some of these (and the related outcomes), but many others will be beyond their control.

Key uncertainties include:

· future levels of power demand
· availability of global resources
· government policy, regulation and pricing
· industry structure and competition
· issues of sustainability and climate change

1.2.3 Broader skill issues

There are some more general skills issues which need to be recognised and addressed.

Generic skills: There is an increasing need for a number of generic workplace skills over and above an adequate level of STEM (Science, Technology, Engineering and Mathematics) skills. These include better basic standards of literacy and numeracy, enhanced ICT skills, and better communication and team working skills, including good customer facing skills. These requirements reflect enhanced customer service expectations; increasing levels of competition; increased application and pervasiveness of ICT technologies; and the related growth of the knowledge economy and new ways of working.
Merging of skill boundaries: It has been suggested that much of the sector’s skills, training and certification/ qualification mechanisms have been organised around a silo structure which has led to a plethora of certifying bodies and qualifications.

New technologies are leading to a blurring of traditional industrial and skill boundaries. In some areas, multi-skilling is likely to be required to deliver reliable and cost effective outcomes. A wider systems understanding may also be needed by many employees rather than just knowledge of their own particular speciality. This has implications for how future training is configured and delivered, the content of the courses on offer, and the related qualifications and certification.
1.2.4 The need for foresight

The power sector has, for some time, been in a period of relative stability in terms of its operating environment. Looking forward, it faces a wide range of challenges and uncertainties which highlight the need for further foresight work to be undertaken in order to help employers, policy makers and skills providers meet the skills needs of the future.  Foresight enables the potential uncertainties to be better understood, the associated opportunities and challenges to be identified, and strategies developed to maximise the gains from such opportunities.

1.2.5 Future scenarios

Key sector investments and other decisions will influence the future of the power sector and the associated skills requirements.  However, the sector is facing a period of high uncertainty on the outcomes of many of the drivers of change identified in this report; many of which they have limited ability to influence.  The risks associated with this uncertainty can be reduced by building a range of scenarios against which potential options and the robustness of proposed strategies could be tested. Such an approach would complement the sector’s Workforce Planning Model and energy forecasting scenarios.
1.3 Recommendations
There are a number of steps which have the potential to add significant value to the UK power sector’s effective forward planning and management of risk, and which we recommend should be progressed as the next stage in the sector’s foresight programme. The recommendations are as follows:

1.3.1 Scenario development
The sector faces a number of significant issues and uncertainties which could combine to create a number of plausible, yet very different future scenarios and outcomes. Some such outcomes appear to have received relatively limited attention, perhaps because long-term planning has centred around an extrapolation of past trends and the familiar, or because such futures lie outside a normal comfort zone or because they are thought to have a low probability of occurrence.
However, the development of a range of scenarios could provide an invaluable framework within which to explore the key uncertainties facing the power sector over the coming years, including identifying their potential implications and what appropriate responses may be required by industry and key stakeholders.
It is therefore recommended that a logical next step for the sector would be to construct a set of alternative scenarios for 2050 which could be used by the sector as a whole, including the Skills Academy’s Sector Networks and by external agencies who determine industrial and skills policies.
1.3.2 Sub-sector priorities
It is recommended that each of the Skills Academy’s four Sector Networks should individually review the list of key drivers, confirm (or otherwise) them being of key importance to their area of operation, and explore in more detail the potential employment, skill, recruitment and training implications of each key driver.
In the longer term, new industries that might develop around power storage, electric vehicles and hydrogen production will cut across existing sector boundaries. It is recommended that the Skills Academy and its Sector Networks not only pay particular attention to the skill implications of these technologies, but that mechanisms are put in place to monitor both technical progress and the public and political acceptability of these areas.  This would provide early warnings of any potential technological and economic break-through.

1.3.3 Convergence of skills
There is growing evidence of convergence of generic and sector-specific technologies which is leading to a blurring of traditional skill boundaries.

Each Sector Network should give consideration as to how technological change may erode traditional skill boundaries in their area of operation and investigate whether new skillsets (or combinations of skills) may be required.  This will be crucial in maintaining the relevancy and accuracy of the Workforce Planning Model as it looks forward 15 years hence.
Technological change, including smart metering, system management and generation, may also lead to a blurring of boundaries between different industries and utilities, including power, gas, water and telecoms. It is therefore recommended that closer relationships be established with other relevant Sector Skill Councils and Skills Academies with a view to promoting information exchange and cross-fertilisation of ideas with respect to changing demand, technologies and processes and the implications for future skill requirements.

1.3.4 Industrial structure

There is the possibility that the sector could face considerable structural change in the size and ownership of businesses; with consequential impact on recruitment and skills acquisition and training practices.

It is recommended that the Skills Academy consider the directions in which this scenario might development and assess the likely impact on their Sector.
1.3.5 Workforce Planning Model
Each of the four recommendations above, in addition to them being an end in themselves in terms of gaining new insight into how the sector might develop over the coming decades, could also be used to ensure that the Workforce Planning Model maintains its relevancy and accuracy over time.

The identification of new future skillsets and scenario development will enable both technical enhancements to be made to the model and sensitivity analysis to be applied to the outputs which could quantify the impact of certain, now identifiable, variables.
1.4 Your feedback on this report

EU Skills is continually looking to improve the quality, usefulness and impact of its research.

To help us do this, we would be very grateful if you could provide us with your thoughts on the quality and content of this sector foresight report.

There are a number of ways in which you can do this:

· Visit the website below and complete a very short on-line survey:

www.surveymonkey.com/s/euskillsresearchevaluation 

· Send your comments, suggestions or questions to research@euskills.co.uk
· Alternatively, you can contact Rob Murphy, Head of Research, on 0845 077 7054 or rob.murphy@euskills.co.uk
2 Introduction 

2.1 Introduction

Foresight research is a critical step in the plans and activities of EU Skills and the National Skills Academy for Power (the Skills Academy) to meet the skills needs of the UK power sector of the future. Both organisations already undertake forecasting work, primarily through the sector’s Workforce Planning Model, but there is a need to carry out further research which seeks to describe the skills landscape of the power sector of the future and how employers, skills providers, governments and other stakeholders should respond given certain scenarios.

As a first step in this process, SAMI Consulting were commissioned to undertake a short initial foresight research project covering the activities of the Skills Academy’s four Sector Networks:

· Combustion Generation Network
· Transmission & Distribution Network
· Renewable Network
· Metering Network
The overall aim of the project, which commenced in February 2011, is to identify the skills challenges of the UK’s power sector over the next 40 years. The principal emphasis of the analysis is on identifying the trends and drivers which might impact upon skill requirements over the next decade, with consideration also given to those that may shape the sector and its skill needs over the much longer term horizon to 2050. In particular, attention was given to:

· demographic and other societal trends (e.g. aging population, greater diversity, centres of population growth)
· UK and EU energy policy (e.g. renewable energy and carbon reduction targets)
· technological developments (e.g. smart grids, offshore grids, distributed generation)
· environmental considerations
This document describes the methodology and process adopted for the project and sets out its findings and conclusions.

While this report draws on and summarises a substantial volume of data and research source material, it must be emphasised that the scope of the project has necessarily meant that this is no more than a first step on which EU Skills and the Skills Academy can build upon as part of a longer term skills foresight programme which, ultimately, should result in the development of appropriate skills solutions.
2.2 Project methodology

2.2.1 Identification of industry skill drivers

The process comprised a combination of desk research, interviews and workshops with key employers and stakeholders in order to identify the potential drivers of future UK power sector skill requirements and to identify those that are considered likely to have the greatest impact on skills.

SAMI Consulting Limited has a database of medium and long-term national and international drivers of change built up during the course of its various horizon scanning projects. These comprise a wide range of external drivers that are likely to have an impact on all industries and markets in the UK (and globally) to varying degrees.

They include drivers which are likely to affect the overall UK skills environment, identified during work undertaken for UKCES as part of the National Strategic Skills Audit which was published in 2010; certain ‘infrastructure and networks’ drivers; and a number of more general drivers that will impact on the broad operational environment for the power sector.
While these drivers have provided a good initial basis for assessing most of the implications for skills out to 2020, we have undertaken additional horizon scanning to supplement this analysis. We have assessed the potential longer term impact of the medium-term drivers as well as seeking additional drivers which may have either or both a medium and long-term impact on the sector’s skill needs. In undertaking this additional horizon scanning, we have searched and reviewed a variety of published research sources including existing published reports on both the power sector and the wider energy sector. 

2.2.2 Interviews

In parallel with the desk research we carried out five structured interviews with selected key industry stakeholders as an additional check on the key issues which face the future of the power sector and its skill requirements, as well as the factors that may inhibit or accelerate change. The interviews were all undertaken on a strictly non-attributable basis. The interview findings were combined with those generated from the horizon scan.

All the relevant data was then coded and sorted by topic into a ‘natural agenda’ of issues, trends and forces for change. 

The resulting long list of over 90 drivers was then reviewed by the project team together with members of EU Skills and the Skill Academy.  Each of the drivers was assessed for its potential impact on skills in the power sector. 

2.2.3 Workshop

This review identified 20 technical and 21 non-technical key drivers that formed the basis of a one-day workshop involving a cross-section of representatives from the sector.
Working in groups with plenary report-back, the workshop delegates reviewed the key technical and non-technical drivers, grouping each into three categories according to the potential scale of their impact on skill requirements through to 2025.

For the technical drivers, some of which may not necessarily have a substantial impact on skills before 2025, their potential with respect to 2050 was then discussed.

Finally, workshop delegates were asked to consider which:

· driver or technology could have the biggest impact in 2050 and why
· driver or technology has greatest potential uncertainty in 2050; or the one they would most like to understand the outcome of
· of all the issues discussed, has the most surprising impact or is receiving the least amount of preparatory work and attention by the power sector
In addition to this workshop, a separate, shorter, workshop discussion was held as part of the National Skills Academy for Power’s conference held on 9th March; the results of which were fed into this process.

2.3 Structure of this report

This chapter has set out the objectives and methodology of the project. 

Chapter Three provides a brief description of each key driver of change that were identified as likely to have a high degree of impact on the UK power sector’s future skill requirements.

Chapter Four reports on the key outputs and insights from the sector workshop held on 7th April 2011. It includes a tabulation of how workshop delegates ranked key industry drivers in terms of their likely impact on future skill requirements.
Finally, Chapter Five draws together the key findings and recommendations, including the suggested next steps.

Accompanying this report, in the form of a supplemental annex, is the complete list of “sub-drivers” contained within each of the key drivers and a compilation of the comments made by workshop delegates in relation to each key driver’s impact on skills within the sector.  The Supplemental Annex is available from EU Skills upon request.
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3 Drivers of Change 
This chapter gives a brief description of the 21 key socio-economic and 20 technical drivers of change.
3.1 Socio-economic drivers

3.2 Technology drivers

4 Sector Workshop
This chapter reports on the workshop process and outputs.

The workshop to assess the potential long-term impact on skills of the key drivers listed above was held on 7 April 2011 at the E.ON Engineering Academy, Radcliffe-on-Soar power station.
The workshop delegates were divided into four groups to undertake the workshop exercises.  Both sets of drivers (socio-economic and technological) were split into two halves; so all the drivers were independently considered by two of the four groups – hence the two “X”s against each driver in tables 3 and 5 below.
For each exercise participants were asked to take account of the impact on skills of each driver within the combustion generation; transmission and distribution; renewable; and metering networks.

The key conclusions from the workshop and the other areas of research activity are reported in Chapter 5.
4.1 Exercise 1: Socio-economic drivers

This exercise considered the 21 socio-economic drivers (as listed above in Table 1).  It was stressed that all of these drivers had already been, to varying degrees, identified as having an impact on the future skills requirements of the power sector.

The first task was to rank the drivers in order – 1 (highest), 2, or 3, according to their relative impact on skills by 2025.  The results are shown in the table below, where each X represents each group’s decision:

As can be seen in the table above, there was a high degree of consensus between the groups as to the relative impact on skills that each driver would have through to 2025.

However, this was not the case with five of the drivers:

1. Trade and global resources – one group considered that access to both fuel and technology would fundamentally shape the sector; while the other group considered that the impact of this would be of a secondary order;
3. Migration and demographics – one group felt it appropriate to combine this with drivers 2 and 4;
7. The role of the public sector (Training and investment) – the group that scored this driver highest included the funding of training within the driver;
9. Regulation – this was marked highly by one group because it felt that regulation has a major influence on the sector; whilst the other group felt that the impact was low as they did not consider that the level of regulation is likely to increase going forward (whether this proves to be the case is perhaps a key uncertainty to be reflected in any future development of sector scenarios);
20. Existing skills and new ways of working – there were diverging views on whether current skills shortages are limiting operational effectiveness; and the ability of older workers to adapt to new ways of working.
Each group was then asked to consider the skills implications for their highest ranked drivers.  Only those drivers that received a high ranking from at least one group was included.

All of the comments recorded during this exercise are included in the Supplemental Annex of this report; but the most significant are summarised in the Table below.



4.2 Exercise 2 – Technology drivers

This exercise considered the 20 technology drivers.  Participants were given a summary of each driver as per the descriptions in Chapter 3.

The first task was to rank each technology driver 1 (highest), 2, or 3, depending on their relative impact on skills by both 2025 and 2050.  The results are set out in Table 5 below.  
Rating the relative impact of each technology on the skills of the power sector by the year 2025 resulted in a high degree of consensus between the two groups.  The only disagreement was in relation to Power storage, where one group felt that the technology would not be sufficiently developed to make an impact by the year 2025.
Driver 7, Nuclear Fission, caused disagreement on the basis that one group stated that it is outside of the skills responsibilities of EU Skills and the Skills Academy.

Looking out further into the future, by the year 2050, there was once again a high degree of consensus between each group’s perceptions of the impact on skills of the technologies.

One group felt that Driver 1, Smart meters, would have little impact by 2050 because it would be “business as usual” by this time.

As stated above, one group felt that nuclear energy skills were outside of remit of EU Skills and the Skills Academy; hence the difference of opinion in Driver 8, Nuclear Fusion.
Skills impacts

Each group was then asked to consider the skills implications of their respective highest ranked drivers. Again, the most significant comments from the top ranked drivers are summarised below.

For all the technology drivers, timing is crucial; some grow in impact over time, while some decline.  The type of impact will also vary over time as technologies become more routine and available, and as the size of the workforce either rises or falls (depending on the impact of the technology).

There is also a significant difference between the skills needed for R&D, manufacture, construction and installation and those required for operating/using new technologies.

1. Smart meters
2. Smart grid
4. Small scale local generation
These three drivers are closely related and interact. For the installation of smart meters many of the skills already exist but there will be a short-term high level of demand which will ease some time before 2025. A smart grid will require higher level skills in potentially large volumes (relatively speaking), such as demand planning, network control and design. This will continue to demand more skill input through to 2050 as more technologies are incorporated. For small scale local generation, the electrical skills are largely established (albeit in short supply at present), but up-skilling and cross-skilling will permit installation of equipment and the installation of plumbing and electrics.

5. Wind energy – Onshore
6. Wind energy – Offshore
The skills needs for onshore wind energy are generally well known, and although wind farms will have an impact on the transmission and local networks, it is generally well understood. The main issue with onshore wind energy is the ability to obtain planning permission and this leads to uncertainty around the overall demand for onshore skills.

Offshore wind energy demands higher and broader skill levels and the opportunities are such that there will be a long period of demand for manufacture, installation and maintenance skills before operating and maintaining skills increase in need. The power sector might benefit, if possible, from the transferring of skills from the offshore oil industry.

9. Power storage
15. CCS and clean coal

19. Demand from electric vehicles
These three are seen as being important drivers with probable substantial impact on the sector, but mostly after 2025.

Successful development of power storage technologies could revolutionise the sector in terms of load balancing the more intermittent renewable technologies (e.g. wind energy).  CCS will also become important, but is very scenario dependent.

Both technologies seem uncertain in their impact, timing and duration and their skills needs appear to be equally uncertain at the moment.
The impact of electric vehicles will depend largely on the need for increased generation, stronger transmission and distribution, domestic connections and metering.

10. Marine energy
The UK is a world leader in the development of wave and tidal stream technologies for power generation.  However, much of the activity taking place at the moment is in the R&D of such technologies.

It is unlikely that marine energy will begin to make a substantial contribution towards the UK energy mix much before 2025.  However, the consensus at the workshop is that this technology has the potential to play a key role in the UK’s future energy mix.
The skills required over the medium term are generally in the area of R&D, manufacturing and installing.  Over the longer term (beyond 2025), the skills of the workforce are likely to begin shifting towards operating and maintaining such devices.

4.3 Exercise 3 – Impacts to 2050

The final exercise gave each group an opportunity to reflect on all the discussions held during the previous two exercises and the associated plenary feedbacks.  In particular, they were asked to consider what might be the longer term skill impacts out to 2050 and specifically address the following questions:

1. Which driver or technology could have the biggest impact in 2050 and why?
2. Which driver or technology has greatest potential uncertainty in 2050; or the one you would most like to understand the outcome of?
3. Of all the issues discussed, which have the most surprising impact; or which is the power sector doing least to prepare for?
The groups’ conclusions against these three questions were:

1. Biggest impacts:
· Access to global resources
· Migration and demographics
· Power storage
2. Most uncertain impacts:
· Nuclear fusion
· Power storage
· Impact of the ‘Virtual World’

3. Power sector doing least to prepare for:
· Power storage
· Trade and global resources
· Planning and land
· Sector attractiveness for employment
5 Key Findings and Recommendations

The key findings of this research revolve around the development of key technologies, how some of the key uncertainties eventually play out, the nature and extent of broader skills issues, and the potential benefits of undertaking additional, more in-depth, foresight work to better inform the activities of the Skills Academy, employers, skills providers and government.
5.1 Key technologies

Those key technological drivers that warrant further investigation into the potential nature and extent of their impact on the skills in the power sector are:
Smart grids
Smart grids will be indispensable to accommodate small local and renewable generation, which can often be intermittent and require a two-way flow of power. They will result in increased skill demands for installation and connection and network planning, control and maintenance.  There will also be high demand for research and development skills, although the numbers involved in this will be relatively much smaller.

Small-scale local generation and local networks

The level of local systems will be scenario dependant.  However, it is very likely that there will be an increase in small-scale, local generation which will drastically increase the complexity of controlling the distribution networks.
Distribution Network Operators will effectively lose some control, but they could still be required to provide cover for small-scale generators in order to maintain a consistent and adequate supply.
Power storage

If electricity can be effectively and efficiently stored in large quantities, it could fundamentally change the structure of the sector.  It is also key to obtaining the full potential benefits of renewable energy, particularly wind energy, which can often be intermittent in nature.  There is a wide range of potential technologies and it is not yet clear which of these will dominate in the future.

There will be a high requirement for research and development up to 2025 and beyond, but it is currently not known what these will be as they will be dependent on what technology solutions eventually dominate.  Power storage also raises a range of new safety issues that will need to be addressed.

Delegates at the project workshop concluded that power storage is an issue that could have one of the biggest impacts on sector skill requirements to 2050; and where there is a high level of uncertainty and inadequate industry attention to the issue and preparation for possible outcomes.

Wind energy

The requirements for onshore wind are generally well understood with respect to skill requirements.  The volume of demand for associated skills to 2050 will be dependent on which future sector scenario prevails.  There was a consensus view at the workshop that there is currently inadequate industry attention being paid to issues of planning and land use.

Offshore wind energy is likely to have a much higher impact on future skills requirements as some of the technology issues (such as HVDC) are less well understood or familiar in the UK; offshore is also a very demanding environment.  While some of the skills requirements may be available from the offshore oil and gas sectors, there are uncertainties over (i) the ability of the power sector to match the rewards of oil and gas, and (ii) the adequacy in size of the currently available resource.
In offshore wind, depending upon various factors such as government policy and the location of the manufacturing base, the potential for employment growth (and, therefore, skills demand) is significant
.
Marine energy
The UK is currently a world leader in the development wave and tidal stream technologies for power generation and the potential for generating power by harnessing the power of the UK’s wave and tidal resources is substantial.  However, it is unlikely that such a technology will contribute a significant amount to the UK’s energy mix; rather it will augment it.

Marine and wind energy combined are likely to be the principal large-scale renewable energy technologies of the future.  However, much will depend upon the credible development and deployment of devices in a commercial setting.
Carbon capture and storage, and clean coal

There is a divergence of opinion on the efficacy and eventual status of CCS. However, it is clear that it could have a very significant impact during the possibly long period before fossil fuels can ultimately be phased out.

In the short-term, developments are inhibited by uncertainty of the UK’s long-term energy strategy.  By 2050 the impact on skills will be highly scenario-dependant, influenced heavily by the technology becoming commercially proven for large-scale application and the rate of change in the sector’s generation mix over the period.

The compression, transport and storage of carbon dioxide will require chemical and process engineering skills, while also raising significant health and safety issues.

Electric vehicles

Three key demand-side technologies were considered: hydrogen and fuel cells; heat pumps and electric vehicles.  Of these, electric vehicles were considered to have the greatest potential impact on skill requirements, particularly over the longer term.  The skill requirements are expected to be similar to those associated with distribution, but there could be an increasing demand on the overall volume of skills required as a result of the potentially substantial increase in total power demand and the greater load on networks.
5.2 Key uncertainties

The analysis of key drivers of change highlights some important areas of uncertainty which indicates that there are a number of potentially quite different future scenarios that could impact on the power sector.  The sector will have an ability to influence some of these drivers and their outcomes, but many others will be beyond their control.  Some of the key uncertainties are:

Markets and regulation

The existing power sector regulatory framework could continue to be the main approach adopted by the authorities in ensuring that targets such as those for renewable generation and emissions target are met, and to deal with perceived market failures such as those seen to result from limits to competition in parts of the sector.

By 2050 the dominant regulations could either be at the national or European level.  Alternatively, increased competition in the power market and the adoption of new pricing mechanisms could result in a predominantly market-based environment for the sector. Indeed, the responses of delegates to the regulation driver at the workshop highlighted the uncertainties in this area. Whatever the reality, regulation will have a direct impact on skills which must be considered when developing/implementing such policies.

Industry structure

It is possible that in future, the UK power sector could become highly fragmented.  The number of energy generators could increase rapidly as small-scale facilities link up to local networks to support the needs of individuals and businesses.

A highly fragmented sector would include a wide range of different generation technologies, of differing scales, linked to the distribution networks.  It is likely that this would include a significant proportion of renewable generation.  This could make it more difficult to define whose responsibility it is to ensure that the ‘lights are kept on’.
On the other hand, there are also powerful reasons to promote a more cohesive sector.  It would facilitate the high levels of investment required to meet future power demands; climate change targets and requirements such as smart grids; and emission control measures, such as carbon capture and storage.  In a cohesive future, it is likely that there will be significant international coordination via a European “super grid” and greater use of nuclear generation.
It is possible that there will be a greater number, and wider range in terms of size and capability, of companies within the power sector in the future, particularly if there is strong international participation. This could have a substantial impact on geographical demand for, and availability of, particular skills.

The development of manufacturing capacity around the world will be a strong determining factor on the geographic availability and demand for skills.  It may also lead to constraints on the availability of skills if demand for skills outstrips supply in the locality.
Sustainability and climate change

There are both political and social drivers that will influence the outcomes on sustainability and climate change.  There could be high levels of resistance to the higher electricity prices associated with meeting environmental and sustainability targets which could result in both consumers and governments placing a lower priority on environmental issues.  If this were to occur it could lead to a more aggressive approach being adopted by various countries towards using scarce global natural resources, with little regard to longer term sustainability.
Alternatively, there could be acceptance by both consumers and governments internationally of the policies required to meet environmental concerns and build sustainable economies. This would have implications for both the demand and supply of electricity.  There would also be a more co-ordinated and responsible international approach to global resources.
5.3 Broader skills issues

Generic skills

The current project, together with other work that SAMI Consulting has undertaken with respect to overall UK skill requirements and those of particular sectors, has revealed an increasing and common need across various sectors for a number of “generic” workplace skills over and above an adequate level of STEM skills. These include better basic standards of literacy and numeracy, enhanced IT skills, and better communication and team working skills including good customer facing skills.
These requirements stem in turn from a combination of enhanced customer service expectations and the increasing levels of competition found in many areas; the continuing development, increased application and pervasiveness of ICT technologies; and the related growth of the knowledge economy and new ways of working. 

Whilst the prime responsibility for teaching at least the basics of most of the above skills must lie with schools and colleges rather than employers, industries will need to engage positively with government and the education system if they are to ensure that such training happens and is effective in meeting their current and future needs.
Beyond this, the power sector might be expected to have to play a role in supporting its supply chain in training and upskilling their new recruits and apply these ‘generic’ skills to meet the sector’s specific operational and process requirements.

They can also expect to have to support various sections of their existing, often older, employees in acquiring the new ICT and other skills now being required by new ways of working and new technology.

Merging of skill boundaries

It has been observed that historically, much of the training and certification/qualification of the workforce in the power sector, and more generally across the utilities, has been organised around a silo structure – for example, separate training and qualification for plumbers, gas fitters and electricians. There is a view among at least some commentators that there has also been an excessive plethora of certifying bodies and qualifications, and that it can be a confusing process for potential new trainees to obtain and assimilate the information necessary to make clear career choices and determine the appropriate training course and qualification. This problem is by no means unique to the sector.

It is also clear that new technologies, such as ICT and electronics, as well as an increasing focus on carbon reduction, are leading to a blurring of traditional sector and skill boundaries; both with respect to product technology and the design, installation, commissioning, operation and maintenance skills.

In a number of areas, multi-skilling is likely to be required to deliver reliable and cost effective outcomes. In many cases a wider systems understanding is likely to be required of employees rather than just an understanding of their own particular speciality. This in turn has considerable implications for the way future training is configured and delivered within the power and wider utility sectors, the content of the courses on offer, and the related qualifications and certification.
5.4 The need for foresight

The power sector has been in a period of relative stability over recent years. The key competitive requirements of the sector have been to exploit assets and increase efficiency; which has been reinforced by regulation.  However, more recently there has been an underlying uncertainty about the Government’s longer term energy strategy.
Looking forward, the power sector faces a wide range of challenges and uncertainties.  These include the future regulatory targets, the operating environment for the sector, and the increasing number of technology options.  This increased uncertainty is exemplified by the change from RPI-X to a RIIO model (Revenue = Incentives + Innovation + Outputs) for the next transmission price control review.

This wide range of future uncertainties, as indicated by the outputs from the workshop, highlight the need for further foresight research which will enable each uncertainty to be better understood; in turn, allowing employers and key agencies to develop responses on a more informed basis.
This project focused on the power sector’s key drivers of change over the medium-term to 2025 and the longer term to 2050 and it provides an important first step in a comprehensive foresight programme being developed by EU Skills and the Skills Academy in order to support the future skills needs of the sector.
5.5 Future scenarios

Many of the regulatory and investment plans that will decide the shape of the power sector in 2025 are known.  Also, although a significant proportion of the assets that will be used in 2025 are either currently in place or being planned/ built, it is equally significant that a high proportion of the capacity needed beyond 2025 is not yet defined. These future uncertainties, and those highlighted throughout this report, open up a wide range of possible, different future scenarios for the UK power sector by 2050 (and, indeed, by 2025).  Sector investment decisions will determine, but will also be determined by, the trends and final outcomes of these uncertainties.
The future scenarios for the power sector will be driven by the respective outcomes of these and other key uncertainties.  The analysis of the socio-economic and technology drivers in this report can be used to build a range of scenarios for the future of the power sector.
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Such scenarios could be used to complement the sector’s Workforce Planning Model and the energy forecasting scenarios, such as those produced by DECC
 for modelling different pathways to 2050.
The key uncertainties reported above suggest that the important socio-economic drivers that need to be considered further in the development of scenarios:

· industry structure
· regulation and government policy
· attitudes – environmental and safety
· trade and global resources
· power demand

However, it is important to note that all the general drivers listed in Chapter 3 have the potential to impact on the future of the power sector, particularly in terms of employment and skills, and should be considered as part of the sector’s on-going foresight programme.

5.6 Recommendations
There are a number of further steps which have the potential to add significant value to the UK power sector’s effective forward planning and management of risk, and which we recommend should be progressed as the next stage in the sector’s foresight programme. The recommendations are as follows:
· The sector faces a number of significant issues and uncertainties which could combine to create a number of plausible, yet very different future scenarios and outcomes. Some such outcomes appear to have received relatively limited attention, perhaps because long-term planning has centred around an extrapolation of past trends and the familiar, or because such futures lie outside a normal comfort zone or because they are thought to have a low probability of occurrence.

However, the development of a range of scenarios could provide an invaluable framework within which to explore the key uncertainties facing the power sector over the coming years, their potential implications and what appropriate responses may be required by industry and other stakeholders.

It is therefore recommended that a logical next step for the sector in its foresight programme would be to construct a set of alternative scenarios for 2050 which could be used by the sector as a whole, its individual Sector Networks and by external agencies who determine industrial and skills policies.

· It is recommended that each of the four Skills Academy Sector Networks should individually review the list of key drivers, confirm those identified in the initial driver analysis as being of key importance to their area of operation, and explore in more detail the potential employment, skill, recruitment and training implications of each key driver.

· This research identified a number of technologies, the development of which have the potential to have a major impact on the future shape and structure of the sector and for which the outcome in terms of technical and economic viability is, as yet, very uncertain. They include smart grids, renewables, power storage and carbon capture.

In the longer term, new industries that might develop around power storage, electric vehicles and hydrogen production will cut across existing sector boundaries. It is recommended that the Skills Academy and its Sector Networks not only pay particular attention to the skill implications of these technologies, but that mechanisms are put in place to monitor both technical progress and the public and political acceptability of these areas.  This would provide early warnings of any potential technological and economic break-through.

· There is growing evidence of convergence of generic and sector-specific technologies which is leading to a blurring of traditional skill boundaries.

Each Sector Network should give further consideration as to how technological change may erode traditional skill boundaries in their area of operation and investigate whether new skillsets (or combinations of skills) may be required.

Technological change, including smart metering and system management and in generation, may also lead to a blurring of boundaries between different industries and utilities, including power, gas, water and telecoms. It is therefore recommended that closer relationships be established with other relevant Sector Skill Councils with a view to promoting information exchange and cross-fertilisation of ideas with respect to changing demand, technologies and processes and the implications for future skill requirements.

· There is the possibility that the sector could face considerable structural change in the size and ownership of businesses; with consequential impact on employment, skills and training practices.

It is recommended that the Skills Academy consider the directions in which this scenario might development and assess the likely impact on their Sector.

· The report highlights the uncertainties and range of possible scenarios that the sector could face. These results could be used in conjunction with the Workforce Planning Model to explore the implications of key uncertainties; particularly if detailed scenarios are developed as a next stage in the sector’s foresight programme.
Appendix A Drivers of Change 

This section provides detailed descriptions of each of the 21 key socio-economic and 20 technical drivers of change, including insights from the interviews and horizon scanning exercise together with pertinent feedback from the workshops.

A complete of all the sub-drivers within each key driver is included in the Supplemental Annex to this report (available from EU Skills upon request).  These sub-drivers are indicated by the number shown under each of the driver headings below.

Appendix A(I) Socio-economic drivers

Driver 1 – Trade and global resources

Sub drivers: 9, 11, 13, 29, 82, 94

The UK growth rate will depend to a significant extent on the global growth rate and world trade, which in turn is dependent upon the degree of trade liberalisation or protectionism.

The recent economic growth of Brazil, Russia, India, China and South Africa (BRICS) is generating high demand for world resources, including oil, gas, uranium etc. and various manufactured goods, including nuclear and other power equipment. New political power bases and attempts to corner the market in the supply of fuels and energy can be expected to exacerbate any natural resource shortages as well as possibly creating other supply bottlenecks with respect to availability of particular skills, manufactured goods and services. In particular, obtaining fuel and other resources may in future be a significant problem for UK generators.

Geopolitical risks in many sources of supply are likely to cause spikes in supply and prices. Disenchanted developing nations could use resource exports as a political lever. Energy could also become a target or weapon in interstate wars.  Although “peak oil” is imminent, it is unclear when oil and gas will run out as this is dependent on growth in demand for energy and development of alternative energy sources.  UK generation will increasingly dependent on fuel imports. Although gas may be readily available as a major fuel for some years to come, the price of all resources and fuels is likely to increase. The precise rate of increase in energy prices and their stability will, however, be dependent on a wide range of factors.
Looking ahead, there is also uncertainty over future timing and levels of power imports and exports between the UK and Europe and their effect on the UK power market’s structure; whether the latter will become more centralised or whether there may be more competition with foreign suppliers; and whether any European generators might sell direct to wholesale markets or via a national body.
Driver 2 –
Devolution/European Union

Sub drivers: 10, 83

The evolution of the European Union (EU) and trends in UK devolution will be important in the rate of economic growth and the development of pan-European power markets.  There is the opportunity for substantially more power imports/exports to the EU and the rest of Europe given the right conditions.  Time differences, differing weather patterns and different regional energy resources could all make a wider market more efficient, stimulate economies of scale and provide opportunities for growth for businesses, including manufacturers and contractors, able to match increased competition in both generation and delivery of power to consumers.

This could have a significant impact on the UK and the European power market structure. However, there will be a need for investment in new assets to facilitate import /export to the mainland and also Iceland/Norway.
Any trend to further political devolution within the UK, perhaps reinforced by regionally-focused EU policy, could have an impact on regional generation and transmission across the UK.

There has always been internal migration in the UK to follow jobs.

On the assumption of continued growth and trade liberalisation within the EU, EU markets available to UK exporters can be expected to increase.

However, it must be noted that current financial and other strains in various EU member countries have led some commentators to question the future of the Eurozone and indeed that of the EU as it is currently constituted. The future size and shape of the EU, and the extent of policy co-ordination, centralization or devolution, will clearly have major implications for the extent of any common European market and trading in energy and power.

Driver 3 – Migration and demographics 

Sub drivers: 51, 54, 55, 56, 57, 79, 92

Labour is increasingly mobile, and people, particularly those with higher skills, will travel the world to find work. Internal migration is a feature of the UK employment landscape. Research suggests that mobility in the labour force does not signify the death of permanent jobs but labour mobility cuts both ways:

· there can be a ’brain drain’ of scientific and technical expertise (or vice versa):

· immigration can keep down pay rates for low-end jobs (and vice versa).

The indigenous population is ageing across the OECD, leading to older workforces and fewer people of working age. The UK has been supported over recent years by high levels of net migration into the UK which are projected by the ONS to continue despite the current shift in UK immigration policy, but it is not certain that this will necessarily be the case under all possible circumstances. Without migration, the UK faces a potential shortage of skills and a shortage of entrants to sector. Immigration into the UK may alleviate such shortages, but will also bring an increased demand for energy, housing, infrastructure and other services.

The reverse of this situation is also true.  With power markets around the world developing and growing at significant rates, the global demand for skilled workers will increase.  

An ageing population will also affect fuel demand globally.
Population growth through increased longevity in less developed countries will lead to further pressure on migration and resource shortages. Nevertheless, many UK workers will find that they are in a sellers’ market. This will lead employers to offering improved working conditions to retain them.

Mobility, improved communication and the difficulties of integration into new societies means that some people may have more in common and owe allegiance to people like themselves across the world than they do to with their neighbours/families (e.g. environmentalists).  All these factors lead to higher levels of diversity in the workforce, less consensus around what is appropriate behaviour, and variations in attitudes and affiliations in society and in work.

Driver 4 – Off-shoring

Sub drivers: 50, 52, 53

The ”export” of manufacturing jobs is already well recognised in the UK.
An increasing proportion of UK consumption is manufactured overseas, with global supply chains and increased shipping and other logistics activity. Although the UK government has declared its wish to support manufacturing and growth of UK manufactured exports, it is uncertain whether the long-term trend decline in UK manufacturing will be halted and reversed, and whether the UK will in future be able to export enough services to China and elsewhere to cover the costs of meeting the cost of required manufactured needs from elsewhere. If equipment manufacture is to have a future in the UK, and if the UK is to avoid becoming dependent on importing the generation equipment etc. of the types that may in future be required, then the country needs to develop and support the necessary skills and supply chain infrastructure.

With improved telecommunications, white collar and high status professional tasks can also be outsourced to cheaper countries.  Global work groups can become just as effective as local groups. This can lead to opportunities to:

· exploit global economies of scale
· develop social networking tools to replace face-to-face social interaction
· provide work for a host of new qualified residents in less developed countries
As location of work becomes more mobile, training becomes less of a national requirement, and more of a concern for a given business.  There is greater scope for national specialisation in skills and for the UK to win white-collar professional work from overseas and sell newly developed specialist skills.

Driver 5 – Attitudes (Environmental and Safety)

Sub drivers: 2, 6, 18, 95

The public and government are becoming more aware and concerned about environmental impacts and have ever-higher expectations of safety safety/protection in all walks of life.

If such trends continue, one can expect continuing public reaction to issues such as electromagnetic fields, climate change, oil-filled and SF6-based plant, nuclear power waste and other contaminated sites. The public often shows a poor ability to distinguish and prioritise risks leading to often strong “NIMBY” attitudes to planning. The reaction to possible decentralised small-scale generation and accompanying infrastructure in constricted residential areas is not yet apparent.

A key impact on the power sector will be that of carbon mitigation. This will require continued Government intervention in, and facilitation of, carbon reduction wherever possible. There appears to be recognition by the sector and government that early action is needed but equally there are some concerns that the sector in its present form will be unable to achieve the required changes.

Future Government interventions will probably include carbon pricing - a market in “permits” and “credits”. Whether or not an industry develops around the use of carbon credits and the development of carbon capture and storage (CCS) etc. remains to be seen.

Carbon mitigation in all industries is likely to demand higher levels of skill in construction and maintenance. All sectors will be required to improve their performance. This is relatively easy to implement in new assets and products, but retrofit will be crucial and it remains unclear who will pay for improvements to existing assets, notably buildings, and who will take responsibility for the improvements needed - the supplier of energy, the consumer, or the asset owner. 

Driver 6 – Planning and land

Sub drivers: 4, 80

Despite current UK Government attempts to reduce planning constraints, the impact of NIMBYism is unlikely to weaken in the future.  The power sector is likely to have to build substantial numbers of new installations (e.g. wind farms, waste-to-energy plants) and adapt and extend existing installations (e.g. CCS and nuclear plants) to meet future power demand within a wide range of constraints.

There seem certain to be at least some difficulties in obtaining planning permission for all the above and for strengthening the transmission system. Indeed there is likely to be continual competition for land use from other industries and for public use and amenity.  There is a possibility that this could lead to pressure for more underground cabling. 

In spite of carbon mitigation, there is likely to be some increased evidence and manifestation of climatic changes by 2050, of which flooding may be one that has a significant impact in determining land use and restricting choice.  The impact of climate change on old and new generation and transmission equipment also needs to be considered, particularly in relation to storms, and offshore and onshore networks. Demand for more air-conditioning might coincide with the increased use of heat pumps for space heating.

Driver 7 – The role of the public sector in training and investment

Sub drivers: 8, 68, 77, 90

It has been suggested that the current structure of the private sector power sector will not be able to cope with the scale of demand for future investment and structural change. This possibility has raised questions in some minds as to whether the UK power sector or parts of it might be renationalised at some future date and whether in particular, the political doctrine of the day or uncertainty over the future security of energy supplies could become such that the state felt it essential to do more than just intervene through regulation alone. 

One significant driver for re-nationalisation could be the ability to raise sufficient capital to replace, modernise and decarbonise the sector. The risks associated with new technologies may increase the required return on and hence cost of capital. The overall availability of capital and regulatory requirements might be such that the required level of expenditure on new generating assets constrains or precludes expenditure in other areas, such as for housing energy efficiency improvements.
A significant impediment to re-nationalisation might be the proliferation of private micro-generation schemes installed to meet regulations on zero carbon buildings, which will feed into the grid, renationalised or not.

There is then the question of what the respective roles of the state, employers and individuals will be in the financing and provision of training and skills development by 2020 and by 2050.  Equally, it remains to be seen what the role of trade unions, professional bodies and employer organisations.

This may at least in part depend on how in future the value of training is perceived by people; whether individuals demand and are prepared to invest personally in skills and training; and how far the financing and provision of further education or vocational training is viewed as being the responsibility of government, employers, or individuals, or some combination of these.

The professions already have a requirement for CPD, and it remains to be seen whether other groups of workers or trades may develop similar attitudes and requirements with respect to CPD, with life-long learning becoming a commonplace reality. In such an event, there will be the issue of who sets standards and provides the required CPD frameworks.

Driver 8 – Consumer service expectations

Sub drivers: 1, 3, 72, 73

The internet has changed consumer attitudes to choice and the ability to check markets and prices. Consumers will also change.  Older people will be more technically competent with more reliance on technology but perhaps with a higher desire/need for good service. A generation born into a mobile communication age can be expected to demand more. Recharging mobile phones may be extinct.  A new blend of service and efficient technology is required.

High levels of technology in the home and in commerce of all kinds will demand uninterrupted power.  

At the other end of the scale, there will be increased need for support for the financially disadvantaged and the vulnerable as energy costs increase much faster than the general rate of inflation and wages, potentially forcing more individuals deeper into fuel poverty. Energy suppliers may well be forced to adopt, at least to a degree, responsibility for this group. 

Driver 9 – Regulation and Government policy

Sub drivers: 5, 7, 25, 58, 78

Notwithstanding any notion of re-nationalising the sector in the future, the world could move in the direction of either more, or less, regulation and other types of government intervention.

Current government policy as set out by the Department for Energy and Climate Change (DECC), is driven by three key goals: maintaining secure energy supplies, ensuring affordable power and heating, and tackling the global challenge of climate change.

Current interventions are:
· Renewable Obligation

· EU Emissions Trading Scheme

· Large Combustion Plant Directive

· Climate Change Levy

· Renewable Heat Obligation

· Enhanced capital allowances

· National planning statements

· OFGEM pricing intervention

There are many questions surrounding future regulation, whether it will increase and if so in what direction. Additional regulation might, for example, be imposed on consumers and those wishing to undertake work on a DIY basis; on the generators; on markets for electricity, carbon trading, and financing; and on security of supply and ensuring affordable power and heating.

The need for certification to ensure compliance with regulations on power installations and health and safety is currently a primary stimulant of demand for training.  Additional regulation could possibly increase demand for training while new spheres of activity within the power sector could see the introduction of new areas of compliance.
It is possible that increased regulation could make on-site training more difficult. Training might be required to comply with regulations and might even obstruct the ultimate objective of a more productive sector.

Public procurement qualification requirements for certification are a big driver of training in less regulated sectors (for the certification aspects if not for the skills themselves).

Driver 10 – System resilience and security

Sub drivers: 14, 23, parts of others

National reliance on power for economic and social stability is taken for granted.  However, future catastrophic failures in systems are likely to be harder and slower to correct, given that loads on generators and transmission networks are heavier than ever and the networks are more complex. With an increasing reliance on electronics to control and maintain systems, the potential for terrorist or enemy action attacks on those in the UK and elsewhere is high. Working practices designed to protect the system, avoid natural or human-inflicted disaster and to restore power in the event of disaster, will increasingly be very important.

Some significant sustainable sources of power, such a wind or wave, are, by their nature, intermittent, and this reduces the resilience of the power system. In the short-term (up to seven years) there will probably be no need for a technical limit on the amount of wind energy that can be accommodated, but there will probably be a substantial issue and associated implications further ahead, including a possible increase in reserve capacity. These additional assets may increase maintenance demands and will also consume more investment capital.

The increases in local micro-generation plant and local networks, as well as a shift to electric vehicles and heat pumps in conjunction with smart meters, have the potential to impact upon the resilience of the transmission and distribution systems.

Criminal activity could also affect the sector. The value of energy could stimulate fraud. Electronic/smart meters may or may not make small scale fraud easier. Electronic commerce for distributed micro-generation and local smart networks or even main stream generation and transmission might facilitate fraud.

Driver 11 – Power demand (Buildings and others)

Sub drivers: 19, 20, 21, 24

The built environment accounts for some 40% of energy consumption, and 67% of power consumption.  With efforts to reduce carbon emissions, demand for low carbon power may increase with more heat pumps being installed for space heating in buildings.  However, in the long-term the use of power for low grade heat for space and water heating in buildings may diminish as energy recycling increases and energy losses are reduced.

In the residential market, economic and population growth may increase underlying demand for power although increased efficiencies should moderate this growth. The residential market may become more complex particularly with micro-generation. There may need to be more than one national conversion process, such as smart meters, within 50 years, as technology change accelerates. Retrofitted improvements to residential buildings targeted at energy conservation will require expensive work on millions of individually owned assets – whether the power sector becomes directly involved in such retrofit work remains to be seen.
Lifestyle changes may also have an impact on underlying power demand. Smart meters will assist in the development of new complex tariff structures, but may or may not lead to more regulation of metering in order to maintain transparency.

In the commercial sector, increasing demand for electrical appliances is likely in the medium-term. However, increased efficiency and new technologies (e.g. CHP) may ultimately reduce net energy demand.  Note that the internet already represents 5% of global power consumption. 

Changes in the industrial sector such as the loss of existing industries and the development of new industries will change demand patterns but may present new market opportunities for the power sector, such as power storage, waste disposal/energy recovery, manufacture of hydrogen, desalination.

In both the residential and commercial sectors, local planning regulations are already forcing builders to provide micro-generation on new build sites to meet carbon reduction requirements. These techniques include photovoltaic (PVs), wind turbines and combined heat and power (CHP). Such technologies could increasingly be used on existing buildings as part of retro-fitting to reduce carbon emissions.  Roof space provides a convenient and cheap location for PVs or solar water heating.
Both existing and new buildings with micro-generation will need sophisticated equipment to use and, possibly, export the electricity generated. Micro-generation might grow to the point where locally produced electricity becomes a significant part of overall generation, affecting overall system resilience and requiring strengthened distribution and metering.  Local networks will demand new techniques for load balancing and metering.
Local generation may also stimulate/justify demand for local storage of electricity (or, more simply, heat) which would imply new skill sets for maintenance and installation. Growth in the use of electric cars will provide the batteries to permit simple storage of some output but will further complicate a building’s cabling.
Driver 12 – Power demand (Transport)

Sub drivers: 22

Domestic transport currently uses around 30% of energy consumed in the UK, of which road transport represents 90%. Reductions in travel and in the transport of goods appear unlikely without some major disruption to the social structure of the western world.
Moves have started towards a replacement for oil as a primary fuel, and the likely contenders are electricity or hydrogen. The UK government considers it technically feasible for almost all passenger ground transport to be electrical or powered by fuel cells by 2050.
If electricity, obtained by plugging into the grid, becomes the main source of energy, current levels of motoring would produce additional demand on the grid equivalent to 33% of today’s total power production. This will clearly have a substantial impact on the grid, power generation and load balancing, as well as on local distribution networks and domestic/commercial connections, metering and maintenance. However, improvements in battery design or in recharging methods are necessary before electricity can be expected to become the motive power source of the future.

An alternative would be to switch to hydrogen in fuel cells or for internal combustion.  The technical issues with hydrogen are considerable, but many in the automotive sector see hydrogen as the long-term fuel for vehicles, with electric vehicles being a short-term stopgap until hydrogen becomes commercial.  The impact on the power sector of a switch to hydrogen for vehicles would depend on the method of production of the hydrogen, from fossil fuels, a current option but an unlikely long-term solution, or from electrolysis.  The latter could offer great opportunities and challenges for the power sector.
Driver 13 – Power sector assets (Existing)

Sub drivers: 15

Power assets tend to be long lasting, but markets themselves can change suddenly. Over the next 20 years, much of the UK’s existing power infrastructure will need to be replaced or refreshed, either because of age or the need for decarbonising power production, or both.  This applies in particular to nuclear and coal-fired plants.

The power system architecture and infrastructure will also change as new technology generating assets are installed in previously unused geographical areas and as new transmission assets are needed.  The expected levels of replacement need are likely to test the construction resources and abilities of the sector severely. The full extent of the required programme of replacement is not yet certain, it depending on growth in demand, but a substantial minimum rate of replacement of assets reaching the end of their life seems guaranteed.

Driver 14 – Power sector assets (New)

Sub drivers: 16

It is estimated that around £200billion could be needed to replace existing end-of-life assets and meet growth and the shift to renewables by 2030.

Major training programmes will be required across all sectors and levels to provide the personnel with the appropriate skills to build and maintain the required new infrastructure. The bulk of training is likely to comprise traditional engineering and technician training but, with new technologies becoming more prevalent, new disciplines will also be needed (see notes on driver 15. Supply chain below).
It is not yet clear which renewable technologies will prevail, but in any event, there will need to be significant investment in new fossil-fuel generation plants in order to maintain capacity margins and ensure security of supply in the interim.
New industries will be needed to support and install proposed offshore generating plant and offshore carbon storage offshore, and they could be similar in size to the North Sea gas and oil industry developments.
Investment made in network and low carbon generation may be rendered nugatory due to technological advances in other areas. Advances in photovoltaic or nuclear fusion technologies may alter the economics of energy investment and lead to stranded assets, especially complex technologies such as carbon capture and storage.

Driver 15 – Supply chain (Assets)

Sub drivers: 28

It is estimated that around £200billion could be needed to replace existing end-of-life assets and meet growth and the shift to renewables by 2030.  This would more than double the recent annual level of investment.

The UK supply chain has been under-utilised for decades and is short of the skills that are expected to be necessary to support the anticipated level of new UK power sector investment. In addition, some of the required new assets will have unfamiliar technology.  Furthermore, all the necessary skills are expected to be in high demand across the world as other nations decarbonise, and major developing nations meet their rapidly growing demand for power. Power equipment manufacturing capacity may also be in short supply, with consequentially long equipment lead times.  

Completely new construction markets may develop around micro-generation and local networks.

A major question is whether the UK supply chain can increase resources and output sufficiently to meet demand in the required timescale, and whether it can also economically justify increasing output to the levels likely to be required. The UK has already lost much of its power equipment manufacturing capability, and whether this situation can be reversed or whether the sector has to resource much of its future requirements from overseas sources therefore remains to be seen.
Driver 16 – Industry structure

Sub drivers: 17

The structure of the power sector has changed substantially over the past two decades since privatisation. Further change seems inevitable as a result of market forces, politics, the need for secure power supply, financial expediency, technology and other factors.

Within the sector there is recognition that the current structure is not ideal in face of the demands about to be placed on the sector as a result of carbon reduction and the need to replace a substantial proportion of the existing industry assets. The question of whether or not renationalisation of parts or all of the sector might be a possibility has already been mooted under socio-economic driver 7 above.

Government intervention has been pivotal even since privatisation. Government intervention to achieve its policy aims will distort the market and the sector and cause changes in supply chains and ownership.  What the next regulation tool after RPI+X and RIIO proves to be, and whether the Government will constrain vertical integration to improve transparency remains uncertain.
The degree of vertical and horizontal integration, and ownership of assets and markets, will be integral to the delivery and funding of training.
Future technologies, such as the smart grid, will need new business models to be implemented. New patterns of consumer behaviour, and conversely attempts to modify consumer behaviour, will lead to new market and job opportunities.

There are then the questions of whether the electricity supply industry might in future become a closer part of a more general energy sector if and when electric power should become the UK’s prime energy source, and also to what extent and how energy conservation may impact on the structure of the sector.
All these changes could have a very severe impact on the need and provision of training.

Driver 17 – Information and Communication Technologies

Sub drivers: 41, 91

ICT is already widespread but its impact will continue to change job structure and work practices. A very high proportion of workers are likely to need ICT skills, with benefits to the employer of higher productivity. Trends that are likely to affect work include video-conferencing and distance working; cloud computing; accessing online training; new mechanisms for interacting with computers; new ways of displaying information. 

By 2020 we are likely to see increased use of a variety of ICT across a widening range of workplaces, including swarm computing, radio-frequency identification (RFID) tags on most items, and surfeits of data. 3D printing is likely to become commonplace, changing supply chains as components and spare parts are manufactured where they are needed. 

High level ICT will be needed to make the most of smart meters and a smart grid. Computer applications will be used for monitoring and control of energy production and distribution, and in modelling and optimisation of systems. There will be an increasing use of networks in applications such as intelligent traffic systems and smart cities, and integrated energy and transport networks.

There will be substantial safety benefits. Advances in social sciences and mathematical modelling will lead to more informed decision making and better pattern recognition which will in turn lead to better understanding of social, political and economic trends, thereby improving forecasts and decisions.

The introduction of quantum computing could see a step-change in computer power, but this is likely to be some way off.

Driver 18 – Virtuality

Sub drivers: 62

The growth of ICT and increased broadband width will permit wider use of telecommunications and simulation.
In the workplace it will reduce the need for travel but will permit greater mobility. More people now work on the move or from home enabled by new technologies. Systems can be investigated and checked remotely. This will have implications for power system maintenance, and, for example, on whether mechanical repairs to offshore wind turbines might be enabled remotely.
In the home, virtual reality may play a growing part in entertainment and education.  Opportunities for distance learning will multiply.

Driver 19 – Knowledge economy

Sub drivers: 65, 69, 71

The knowledge economy describes a process whereby the economic competitiveness and performance of organisations are increasingly determined by their investment in ‘knowledge based’ or intangible assets such as R&D, design, software, human and organisational capital, and brand equity, and less by investment in physical assets such as machines, buildings, and vehicles. 

New technology and developments in the organisation of work result in job expansion at the ends of the job spectrum (especially at the higher level). New technologies cannot yet substitute either the "non-routine" tasks typical of high-skilled occupations (e.g. cognitive and communication tasks), or low skilled jobs, especially in the service sector (e.g. personal care). However, medium skilled routine tasks and repetitive work can be replaced by automation and computerisation, or outsourced overseas, with a consequent decline in new technician-level jobs. The implications are that:

· demand for more soft skills will increase as there is a trend upwards in skills needs, as well as consolidation of the 3Rs (4 including Relationships)
· new forms of certification could be developed to demonstrate possession of these soft skills (assimilation of information, communication, relationships, logic, knowledge management, team working)
· with automation of manual or knowledge-based transactions, fewer transactional skills will be required
This in turn poses a number of questions including the ability of the education system to provide these skills; whether the education system is currently too prescriptive with too much spoon feeding; what changes may be required in education over the next decade In order to respond to such implications; and whether the school leaving age might have been increased, perhaps to 18 by 2050.

Driver 20 – Existing skills and new ways of working

Sub drivers: 27, 74, 75

A key issue is whether the necessary skills are available even in the short-term to meet the predicted changes in the power sector and if not, whether and how the situation can best be improved.
The internet is changing production and consumption patterns (e-business, etc.).   Advances in ICT are permitting new business models such as out-sourcing and off-shoring to benefit from improved logistics and supply chain management.  How close to developing and utilising intelligent computers the world will be in 2050 is uncertain.
ICT has also driven significant trading advantages through smarter customer data as well as the development of e-retailing, home shopping and lean retailing. Vertical integration will lead to closer relationships between producers and consumers.
In time, managers at the top will no longer be the prime leaders of change: they will design sophisticated networks that link up individuals and enable others to take the lead. Being at the top will be about designing, managing and repairing these networks.
Employees need to learn that priorities and attitudes will change; they will also need to understand new ways of working with other people, either locally or at distance. Younger workers who grew up with social networking tools are more likely to be ready to use technology in this way. Older workers will have to learn and adapt to collaborative working at a distance. 

 Finally, it is conceivable that we could see as yet unidentified revolutions in the world of “skills”, akin to the shift from analogue to digital which turned electronic engineering upside down.

Driver 21 – Training not matching employers needs

Sub drivers: 85

In a period of rapid change and high demand for skills, training must match the needs of employers.  Current STEM skill shortages need to be filled and maintained on a long-term basis.  UK courses in these subjects contain significant numbers of foreign students who may not stay in the UK post-graduation. Overall numbers are rising but potentially disguising a future problem for UK skills availability.
Existing skills gaps need to be addressed in order to meet the demands of a knowledge economy (qv).  Whether this process should this start at school, even in the early years, is a subject for debate.
Training establishments and trainers need to keep in close touch with power sector employers and employees to ensure that the provision of training is up to date.  Certification, although a prime driver of training, is not necessarily the same thing as employable skills.

Trainers need to be up to date with the future technologies they teach and to use the best methods of training enabled by ICT, using opportunities for distance training and individually designed modular courses.

Appendix A(II) Technology Drivers

Technology Driver 1 – Smart meters

A substantial programme of replacing meters is already planned for residential and commercial properties that will give fuller information to consumers so they can manage and reduce consumption. The meters will also permit remote programming and reading by power suppliers, and eventually be programmable by the consumer with smart appliances in the residence. These meters may also need to accommodate the sale of local generated power back to the grid. There is uncertainty on the actual effectiveness of the current generation of smart meters in reducing consumption, and on the technological lifespan of the first smart meters installed, leaving the possibility of a second phase of replacement.

Technology Driver 2 – Smart grid

Given an increase in the number of major power suppliers, the growth of local generation, remote and intermittent power supplies from renewable generation and increased loads from the electrification of transport and heating, the transmission network will be substantially stressed, unless it can be upgraded and designed to cope with the demands put upon it. A smart network will use advanced network technologies to improve security and flexibility and provide for the long-term evolution of the grid. A smart network can include protection, fault detection and voltage sag algorithms.  It can allow storage devices in centralised control systems and ensure that the grid can cope with the European Supergrid, HVDC, FACTS (Flexible AC Transmission Systems), and new conductors - gas insulated lines (GIL), high temp superconduction (HTS) wires. A smart grid will need to accommodate smart metering, distributed generation and smart appliances. Demand for power is likely to increase overall as fossil fuel resources diminish, increasing the long-term load.

Technology Driver 3 – Overseas interconnectors

Increasing reliance on intermittent renewables and limited resources of fossil fuels may lead to more load sharing and generation sharing over a wider area. A European Supergrid and longer and larger overseas interconnectors will demand higher levels of technology and operational skills. Possible new connectors are the North African Solar Power Grid (DESERTEC), connectors to Iceland’s geothermal resources and Scandinavian interconnectors. Higher levels of technology may include HVDC, Flexible AC Transmission Systems, new conductors, gas insulated lines, and high temperature superconduction. Existing skills in installing and maintaining interconnectors will be tested by longer and deeper routes and harsher sea conditions. Smaller scale connectors will be needed for offshore generation sites.

Technology Driver 4 – Small scale local generation and local networks

Environmental and possibly commercial incentives are likely to lead to a continuation in the shift towards localised generation. Currently these appear to be led by generation through small scale wind, solar thermal and solar photovoltaic, bio-energy, micro geothermal energy, combined heat and power and fuel cells, all promoted by “zero-carbon” building regulations. There are potentially millions of retro-fit installations and connections. Local generation with feedback into the grid will need careful management. Local generation could lead to local networks, connected to the grid but new smart infrastructure may be needed to cope with load balancing and power demand.
Technology Driver 5 – Wind energy (onshore)
There has already been a large increase in onshore wind generation over recent years and this is likely to continue, subject to planning permissions being granted. Future changes will probably include the development of larger turbines and improved manufacturing processes for mass production of substructures.
Improved reliability and endurance could be achieved through new materials and designs, but it appears likely that there will be a substantial replacement programme needed even before the new build phase is completed. The remote location of many wind energy sites will require integration with the grid, and the intermittent nature of the resource will demand smart load balancing.
Technology Driver 6 – Wind energy (offshore)
Development of wind generation offshore is already underway and is likely to accelerate because, compared with onshore wind farms, there are advantages of better wind resource and fewer issues with development control and loss of amenity. Again there is likely to be development of larger turbines, and improved substructures, including floating structures, platforms or seabed foundations.  Some of the skills needed may be available from the offshore oil and gas sectors. Maintenance of offshore generators will be an issue, in terms of danger, accessibility, working at height etc. Integration with the grid, including subsea connectors, will be an issue.

Technology Driver 7 – Nuclear fission

Although not strictly within the remit of EU Skills, the use of nuclear fission to generate electricity has substantial bearing on the sector. Notwithstanding reviews of nuclear safety, the UK has committed itself to building new nuclear capacity to replace the substantial existing nuclear assets. It is intended that much of this replacement will take place on existing sites, reducing the possibility of delays due to approval procedures, and also minimising demands on the transmission system.
The last nuclear power station to be built in the UK was Sizewell B which began generation in 1995. At the beginning of 2010 there were 17 nuclear reactors operational with a combined installed capacity of over 10 GW. All of these are due to close by 2025, except Sizewell B which has an installed capacity of just over 1 GW. The development of the UK supply chain and skills base to support new nuclear is a substantial issue, as is the funding of the plants.  These both require clear signals of commitment from government to ensure success.
There are a large number of possible technologies that could be used to replace the current assets.

Technology Driver 8 – Nuclear fusion

Generation by nuclear fusion would be a substantial breakthrough because it has little reliance on scarce raw materials and could provide most of the world’s energy requirements. However the impact of nuclear fusion will be almost certainly restricted to research and development up to 2025; and it is uncertain if there will be any commercial fusion power generated by 2050.

Technology Driver 9 – Power storage

Efficient power storage would be a significant breakthrough in the feasibility of using intermittent renewable generation. Different storage systems are needed for different uses, but there is a wide range of possible technologies, albeit none are very efficient at present.  They include batteries, flywheels, super-capacitors, superconducting magnetic energy storage (SMES), hydrogen (see also separate category), pumped hydro, compressed air energy storage (CAES), liquid nitrogen and liquid oxygen energy storage.
There are currently continuous improvements in efficiency and cost reduction of these technologies within the power sector and outside of it, but more progress is needed. Much research is being undertaken by manufacturers of energy consuming goods, such as vehicles. For large-scale systems, energy companies are looking at other methods. In the UK opportunities for using tested processes such as pumped storage are limited. One promising technology is sodium sulphur (NaS) batteries.

Nanotechnology and new materials in general will have a big impact on battery technology and energy storage.
Hydrogen production is a possible useful solution when combined with the use of hydrogen powered vehicles.

Technology Driver 10 – Marine energy

The UK is a world leader in wave and tidal stream technologies for power generation, and there are substantial wave and tidal resources around UK shores. There are opportunities to use them to augment the energy mix, but they are unlikely to make more than a relatively small contribution. There are likely to be objections to the installation of such devices because of environmental, aesthetic and access issues.

There are currently no leading commercial technologies. Many devices are only at an advanced R&D or large-scale prototype stage. Skills would need to be developed for manufacturing, installing, operating and maintaining such devices.

Technology Driver 11 – Solar thermal and PV

Industrial scale solar thermal and solar photovoltaic technology within the UK does not appear very attractive given the shortage of sunlight. It may be more attractive at the residential scale. Efficiencies may improve and costs may fall, but substantial improvements will be needed to make the technology commercial in the UK. Emerging technologies include: advanced inorganic thin-film technologies; organic solar cells; thermo-photovoltaic cells and systems.

There are schemes for large-scale solar generation in sunnier regions of the world, with large interconnectors to high demand centres but these are not likely to have a great impact on UK skill needs.
Technology Driver 12 – Bio-energy and energy from waste

There is a wide range of processes for deriving energy (and power) from biological materials including: bio-fuels, biomass combustion, anaerobic digestion, landfill gas and pyrolysis.
A significant constraint on developing crops specifically for fuel is the competing demand for land and water for food and other uses. Such fuels are also particularly valuable for energy for transport, given their relatively high energy density, so are probably not commercially attractive for power generation.

There are already examples of the collection, sorting and processing of waste for energy production and this may increase, driven by targets to reduce landfill. The UK lags behind Europe in the incineration of waste.

Technology Driver 13 – Geo-thermal energy

There is only a limited resource of geo-thermal energy in the UK, although more is available across Europe, currently largely used for hot water, and in Iceland where power is generated from geo-thermal resources.  There are specific opportunities in the UK in conjunction with heat pumps but probably not for bulk power generation.

Technology Driver 14 – Hydro-electricity

There is a range of large-scale and small-scale hydro-electricity processes but little opportunity in the UK to increase the current limited levels of production.

Technology Driver 15 – Carbon capture and storage and clean coal

Given that fossil fuels will continue to be used for a considerable period, the development of CCS and clean coal is important if carbon reduction is to be achieved. Although the technologies exist, they are little used and not completely proven commercially. It appears important that more efficient and cost effective technologies are developed. The use of CCS is largely a chemical process so will demand new skills of the power sector.

Other methods of “clean coal” exist such as: Oxyfuel combustion, IGCC, coal bed methane extraction, co-firing with biomass, supercritical coal power plant, and underground coal gasification.

Carbon storage will involve new uses of technology, and new skills for the power sector especially if offshore.

Technology Driver 16 – Other fossil fuels

As resources diminish and pressure increases to reduce carbon emissions, there will be demand for cleaner fuels such as LNG imports. There will be a need for greater gas storage capacity underground and, potentially, undersea. There will be demand for increased efficiency in the use of oil. Conventional power plants may need to have their lives extended, in turn requiring more maintenance and retro fitting.

Technology Driver 17 – Other future technologies

There are a number of more futuristic technologies that may have an impact in the longer term on the power sector.  Some of these have been mentioned elsewhere. They include:

· satellite capture of energy beamed down to earth

· superconductivity

· wireless distribution of power

· nanotechnologies
Technology Driver 18 – Demand side (Heat pumps)
Heat pumps using air, ground or water could increase demand for power if gas and coal are phased out for space heating. This would have both significant positive and negative implications for distribution networks and local connections, and increased power demand and peak loads. Should climate change increase UK temperatures, there is likely to be greater demand for air-conditioning, possibly increasing demand for the use of heat pumps as coolers and heaters.

Technology Driver 19 – Demand side (Electric vehicles)
A widespread shift to the use of electric vehicles could increase power demand by the order of 30% of the current overall supply. This would have significant implications for local distribution, local and national load balancing, and power storage. Improvements in battery technology for vehicles will be crucial.  Nanotechnology will have a big impact on battery technology. Many in the motor industry believe that electric vehicles will only act as a stopgap until hydrogen powered vehicles become commercial.

Technology Driver 20 – Demand side (Hydrogen and fuel cells)
The use of hydrogen to fuel vehicles could curtail the long-term take up of electric vehicles. Hydrogen could be used either in internal combustion or in fuel cells. Significant developments are needed to improve the storage of hydrogen and to improve the efficiency of fuel cells. Although domestic generation of hydrogen and vehicle refuelling is already under development, a network of refuelling stations will need to be developed if hydrogen is to achieve widespread usage as a fuel for combustion in vehicle engines. The development of domestic hydrogen CHP systems is also a possibility.
The development of a hydrogen based energy sector would be a serious competitor to the power sector, although the centralised generation of hydrogen would be a completely new market, probably heavily reliant on power and offering significant new market opportunities for the power sector.
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Table 1: Key socio-economic drivers of skills


Driver�
Description�
�
1. Trade and  global 	resources�
Economic growth in developing countries increasing demand for various global resources.�
�
2. Devolution/ European 	Union�
UK devolution and the evolution of pan-European power markets.�
�
3. Migration and 	demographics�
An aging workforce and greater mobility in a global labour market.�
�
4. Off-shoring�
“Off-shoring” of manufacturing caused by cheaper costs and established global supply chains.�
�
5. Attitudes 	(Environmental and 	safety)�
An increasingly aware and concerned public towards safety and environmental issues.�
�
6. Planning and land �
The extent to which current planning regulations can facilitate the required expansion of infrastructure in the face of competition from other sectors and public attitudes towards land use.�
�
7. The role of the public sector (Training and investment)�
The role of the public sector and government in determining industry structure and training.�
�
8. Consumer service 	expectations �
Consumers of energy will have increasing expectations of service delivery, including reliability.  Increasing levels of fuel poverty may also be an issue for employers.�
�
9. Regulation�
The extent and nature of regulation within the sector.�
�
10. System resilience and 	security�
A more sophisticated power system brings with it potential resilience and security problems.�
�
11. Demand		(Buildings and other)�
Energy demand from the built environment and the technology used to meet it.�
�
12. Demand (Transport)�
The move away from oil as the primary fuel source for ground transport and the likely shift towards electricity and hydrogen.�
�
13. Power sector assets 	(Existing)�
The ability of existing power assets to meet future demands.�
�
14. Power sector assets 	(New)�
The need for new power assets to meet future demands.�
�






Table 1 (continued): Key socio-economic drivers of skills


Driver�
Description�
�
15. Supply chain (Assets)�
The ability of the supply chain to fully support the needs and activities of the power sector.�
�
16. Industry structure�
Changes in asset ownership, levels of vertical/ horizontal integration in the context of competition policy.�
�
17. Information and communication  technologies�
Trends likely to impact upon skills include video-conferencing and distance working; cloud computing; accessing online training; new mechanisms for interacting with computers; new ways of displaying and collecting information.�
�
18. Virtuality�
The growth of ICT and broadband width will permit wider use of telecommunications and simulation.  Systems could be investigated and checked remotely. This could have implications for power system maintenance with the possibility of remote mechanical repairs.�
�
19. Knowledge and the 	knowledge economy�
Performance of organisations is increasingly determined by their investment in ‘knowledge based’ assets such as R&D, design, software, human and organisational capital, and brand equity, and less by investment in physical assets such as machines, buildings, and vehicles.�
�
20. Existing skills and 	new ways of working�
Current skills shortages coupled with skills gaps caused by new ways of working.�
�
21. Training not matching 	employers’ needs�
In a period of rapid change and high demand for skills, training provision must match the needs of employers.  Current STEM skill shortages need to be filled and maintained on a long-term basis.�
�






Table 2: Key technological drivers of skills


Driver�
Description�
�
1. Smart meters�
A replacement programme of meters is already agreed for residential and commercial properties which will enable consumers to better manage and reduce consumption.�
�
2. Smart grid�
A smart network will use advanced network technologies to improve security and flexibility, and can aid protection, fault detection and voltage sag algorithms.�
�
3. Overseas connectors�
Reliance on intermittent renewables and limited resources of fossil fuels may lead to more load and generation sharing over a wider area. A European “supergrid” and longer and larger overseas interconnectors will demand higher levels of technology and skills.�
�
4. Small scale local generation and local networks�
Environmental and possibly commercial incentives are likely to lead to a continuation in the shift towards localised generation.�
�
5. Wind energy (onshore)�
There has already been a large increase in onshore wind generation over recent years and this is likely to continue, subject to planning permissions being granted.�
�






Table 2 (continued): Key technological drivers of skills


Driver�
Description�
�
6. Wind energy (offshore)�
The development of offshore wind generation will gain speed over the coming decade resulting in it being a substantial generator of power by 2020.�
�
7. Nuclear fission�
The UK has committed itself to building new nuclear capacity. It is intended that much of this will take place on existing sites, reducing the possibility of delays and in minimising demands on the transmission system.�
�
8. Nuclear fusion�
The development of nuclear fusion will almost certainly be restricted to R&D up to 2025.�
�
9. Power storage�
Efficient power storage would be a substantial breakthrough in the feasibility of using intermittent renewable generation.�
�
10. Marine energy�
The UK is a world leader in wave and tidal stream technologies for power generation and there are substantial wave and tidal resources around UK shores.�
�
11. Solar thermal and PV�
Industrial scale solar thermal and PV technology is not yet an attractive technology. Efficiencies may improve and costs may fall, but substantial improvements will be needed to make the technology commercial in the UK.�
�
12. Bioenergy and power 	from waste�
There is a wide range of processes for deriving energy from biological materials including: bio-fuels, biomass, anaerobic digestion, landfill gas and pyrolysis.�
�
13. Geothermal energy�
There is only a limited resource of geo-thermal energy in the UK.  There are specific opportunities in conjunction with heat pumps, but probably not for bulk power.�
�
14. Hydro-electricity�
There is a range of large and small scale hydro-electricity processes, but little opportunity for growth.�
�
15. Carbon capture and 	clean coal�
Given that fossil fuels will continue to be used for a considerable period, the development of CCS and clean coal is important if carbon reduction is to be achieved.�
�
16. Other fossil fuels�
As resources diminish and pressure increases to reduce carbon emissions, there will be demand for cleaner fuels such as LNG imports.�
�
17. Other future 	technologies�
There are a number of technologies that may have an impact in the longer term including superconductivity, wireless distribution of power and nanotechnologies.�
�
18. Demand-side		(Heat pumps)�
Heat pumps using air, ground or water could increase demand for power if gas and coal are phased out for space heating.�
�
19. Demand-side   	(Electric vehicles)�
A shift in the use of electric vehicles could increase power demand by around 30% of the current overall supply. This would have significant implications for local distribution, load balancing, and power storage.�
�
20. Demand-side 	(Hydrogen and fuel 	cells)�
The use of hydrogen to fuel land vehicles could curtail the long-term take up of electric vehicles.�
�






Table 3: Relative impacts on skills by 2025


Drivers�
Rank 1�
Rank 2�
Rank 3�
�
1. Trade and global resources�
X�
�
X�
�
2. Devolution/ European Union�
X X�
�
�
�
3. Migration and demographics�
X�
�
X�
�
4. Off-shoring�
X X�
�
�
�
5. Attitudes (Environmental and safety)�
X X�
�
�
�
6. Planning and land �
�
X X�
�
�
7. The role of the public sector (Training and investment )�
X�
�
X�
�
8. Consumer service expectations �
�
X�
X�
�
9. Regulation�
X�
�
X�
�
10 .System resilience and security�
X�
X�
�
�
11. Demand (Buildings and other)�
X�
X�
�
�
12. Demand (Transport)�
�
X X�
�
�
13. Power sector assets (Existing)�
X X�
�
�
�
14. Power sector assets (New)�
X X�
�
�
�
15. Supply chain (Assets)�
X X�
�
�
�
16. Industry structure�
�
X�
X�
�
17. Information and communication  technologies�
�
X�
X�
�
18. Virtuality�
�
�
X X�
�
19. Knowledge and the knowledge economy�
�
X�
X�
�
20. Existing skills and new ways of working�
X�
�
X�
�
21. Training not matching employers’ needs�
�
X�
X�
�






Table 4: Key technological drivers of skills


Driver�
Skills implications for the highest ranked drivers�
�
1. Trade and global resources�
Worldwide competition for fuel resources will shape the generation system. It could have implications particularly for the use of CCS if the market forces substantial use of coal. Nuclear fuels may also be subject to resource constraints.�
�
2. Devolution/ European Union





3. Migration and demographics





4. Off-shoring�
The combined impact these drivers were considered important by both groups. The issue of who owns and holds the skills for manufacturing and building generation plant and whether those skills can be retained in the UK will be important for combustion generation. The issue of the size and quality of the UK’s existing skill base, and whether it can be retained in the UK, will be important for renewables.�
�
5. Attitudes (Environmental and safety)�
Environmental concerns are shaping the industry and targets are legally binding. Staff and customers need to be trained in environmental and safety awareness. Changes in attitude will affect all aspects of the sector.�
�
7. The role of the public sector (Training and investment)�
The cost of training to meet the substantial changes will be high. Up-skilling is needed across the field but especially for renewables. There is an issue over whether Government may or may not help with funding for skills training. Government may also delegate the responsibility for educating the public to improve attitudes and energy awareness.�
�
9. Regulation�
Regulation can drive changes in the industry and thus investment in skills.  Good regulation can help longer term planning. Combustion generation will be faced with substantial change due to regulation and problems with retaining staff in plants that due for closure. Renewables and metering are also heavily dependent on regulation.�
�
10. System resilience and security�
Increasing complexity of the transmission system due to local generation, the remoteness of some renewables and their intermittent production of power, coupled with increased use of intelligent meters and networks will demand higher skill levels to maintain resilience and network security.�
�
11. Demand for power (Buildings and others)�
Buildings are major consumers of energy and changes in heating methods, such as heat pumps, will impact on power demand. The impact on skills will be centred around fitting and connecting local/micro generation equipment. Local biomass plants will demand new skills.�
�
13. Power sector assets (Existing)�
Maintenance of existing assets will be a problem as plants wind down.  Changes in the location of generating assets will be result in greater demand for connectivity/commissioning skills. Uncertainties exist over the scale/timing of replacement and how to retain skills during this time will be problematic. A substantial smart metering programme will require a substantial training programme.�
�






Table 4 (continued): Key technological drivers of skills


Driver�
Skills implications for the highest ranked drivers�
�
14. Power sector assets (New)�
The size of the replacement programme for combustion generation and renewables will require substantial investment in skills, although many of the skills required in combustion generation will be similar to existing skills.  The changing structure of the industry will have a substantial impact on transmission and distribution with accompanying demand for skills in general and some new skills.�
�
15. Supply Chain (Assets)�
There are already shortages of skills in the supply chain, partly due to heavy investment by China and the US. Some UK manufacturers are moving manufacturing facilities out of the UK. This compounds the issues raised in Driver 14 above.�
�
20. Existing skills and new ways of working�
Current skills shortages are limiting operational effectiveness. Knowledge transfer is crucial, as is keeping older staff up to date with modern skills and new ways of working.  STEM skills, although increasing in popularity, are not attractive to many young people and it is difficult to attract those that do have them. ICT, literacy and other basic skills relevant to the knowledge economy will be required from new recruits to the industry and while it is not seen as the industry’s primary responsibility to provide this training, it is an important deliverable for the education sector.�
�






Table 5: Relative impacts of technologies


Technology Drivers�
2025�
�
2050�
�
�
Rank 1�
Rank 2�
Rank 3�
�
Rank 1�
Rank 2�
Rank 3�
�
Smart meters�
X�
X�
�
�
X�
�
X�
�
Smart grid�
X�
X�
�
�
X X�
�
�
�
Overseas interconnectors�
�
�
X X�
�
�
X�
X�
�
Small scale local generation and local networks�
X�
X�
�
�
X�
X�
�
�
Wind energy – Onshore�
X�
X�
�
�
?�
X�
�
�
Wind energy – Offshore�
X X�
�
�
�
X X�
�
�
�
Nuclear fission�
X�
�
X�
�
�
X�
X�
�
Nuclear fusion�
�
�
X X�
�
X�
�
X�
�
Power storage�
X�
�
X�
�
X X�
�
�
�
Marine energy�
�
�
X X�
�
X�
X�
�
�
Solar thermal and PV�
�
�
X X�
�
�
X�
X�
�
Bio-energy and energy from waste�
�
X�
X�
�
�
X�
X�
�
Geo-thermal�
�
�
X X�
�
�
�
X X�
�
Hydro electricity�
�
�
X X�
�
�
�
X X�
�
Carbon capture and storage, and clean coal�
�
X X�
�
�
X X�
�
�
�
Other fossil fuels�
�
�
X X�
�
�
X�
X�
�
Other future  technologies�
�
�
? X�
�
�
X�
X�
�
Demand side – Heat pumps�
�
�
X X�
�
�
X�
X�
�
Demand side – Electric vehicles�
�
X X�
�
�
X X�
�
�
�
Demand side – Hydrogen and fuel cells�
�
�
X X�
�
�
X X�
�
�
Note: The “?” against “Driver 5. Wind energy – Onshore” signifies uncertainty by one of the groups as to how to rank the importance of that particular driver.
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� For further information see Working for a Green Britain: volume 2, Energy & Utility Skills and RenewableUK, July 2011.  Available at: � HYPERLINK "http://www.power.nsacademy.co.uk/services/research" �http://www.power.nsacademy.co.uk/services/research�.


� DECC 2050 Pathways Analysis, http://www.decc.gov.uk/en/content/cms/what_we_do/lc_uk/2050/calculator_on/calculator_on.aspx
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