
 1 

JOINT SUBMISSION FROM PROFESSIONAL ENGINEERING INSTITUTIONS 
 
Introduction 
 
This response is jointly-submitted by a number of Scottish professional engineering 
institutions: 

 Institution of Engineers and Shipbuilders in Scotland (IESIS) 

 Institution of Civil Engineers (ICE) 

 Institution of Engineering and Technology (IET) 

 Institution of Mechanical Engineers (IMechE). 
 
The challenge of securing affordable, secure, decarbonised energy is one of the biggest 
facing many developed nations, including Scotland. At present, and despite a higher 
share of renewables in Scotland‟s energy mix than the rest of the UK, we remain heavily 
reliant on fossil fuels and nuclear energy for our electricity, and even more so for our 
heating and transport. 
 
There are many elements to the energy challenge but engineering is one of the 
greatest. Achievement of the Scottish Government‟s renewables target would create 
huge demand for materials, skills and finance at a time when many other nations are 
competing for those same resources. Scotland has an opportunity to make a 
disproportionate contribution to renewable energy goals and our response to these 
challenges – if well-managed – could bring major and enduring benefits to Scotland‟s 
infrastructure and economy. But it is of critical importance that we are open about the 
many potential risks: these need to be more clearly identified, assessed and managed 
now and continually to 2020 and beyond. 
 
 
Targets  
 

 Are the 2020 renewables targets for electricity and heat achievable? If not, why 
not? 

 
Scotland has massive renewable energy potential and the Scottish Government has 
set very ambitious targets for renewable energy generation and carbon reduction. 
 
There are many variables and dependencies that may help or hinder achievement of 
the 2020 renewables. Many of these are not under the control of the Scottish 
Government. 
 
Achieving the target is a huge challenge, and not exclusively an engineering one. 
Good engineering practice recognises the importance of inter-connections between 
systems (“systems engineering”) and diverse external influences including 
associated economic and financial, political, social and other risks. The interplay of 
different factors needs to be kept under constant – and preferably open and 
independent – review. 
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We consider that regular and total system analyses are required to assess the 
effectiveness of current implementation strategies and minimise risk. Whilst this is 
simply good engineering practice for complex systems, such an analysis would need 
to consider a broader context. 

 

 What contribution will achievement of the 2020 renewables targets make to 
meeting Scotland’s CO2 emissions targets (a reduction of at least 42% by 2020 
and an 80% reduction target for 2050) under the Climate Change (Scotland) 
Act 2009? 

 
Energy generation is our largest single generator of CO2 emissions. Fortunately it 
also offers great scope for decarbonisation, initially in electricity production but also 
in the replacement of fossil fuels for transport and heating. Decarbonising our energy 
production potentially thus offers the greatest contribution to our CO2 emissions 
targets. 
 
Quantifying the specific contribution of renewables to CO2 reduction is not simple, 
however. As the Government notes, the 100% target does not mean that Scotland 
will not remain reliant on fossil fuel generation. In the short period to 2020, the great 
majority of renewables deployed commercially will be wind turbines. From a system 
perspective wind power is not a zero emitter of carbon because of the need for 
balancing capacity – which for the next decade will be mostly fossil-fuelled (whether 
in Scotland or elsewhere). The contribution of renewables to the reduction of CO2 
emissions can only be assessed on the basis of data analysis and modelling of all 
elements of the UK electrical power system (and – as international interconnection 
increases – perhaps from overseas systems too). 
 

 Will increase in demand from electric heat and transport be offset by 
efficiencies elsewhere? 
 
UK Government‟s Carbon Plan (The Carbon Plan: Delivering our low carbon future, 
December 2011) notes that, by 2050, even if we use 50% less energy per capita we 
may still need 30%-60% more electricity supply on account of the electrification of 
heat and transport. 
 
In the short period to 2020 it is unclear how quickly electrified heating and transport 
can be implemented, and how much efficiency gain can be achieved (e.g. through 
retro-fitting of existing buildings and stricter standards for new buildings). Energy 
efficiency measures should be vigorously pursued under all scenarios nevertheless. 
 

 Has the Scottish Government made any estimation of the overall costs of 
achieving the targets, and identified which parties will bear them? 
 
We are not aware of such estimates for Scotland. Ultimately, the costs of upgrading 
our electricity infrastructure are borne by UK (not only Scottish) consumers through 
their bills. UK Government has attempted some modelling of energy cost scenarios 
but any such calculations are subject to many uncertainties. 
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The most significant influence on the outcome of Scotland‟s and the UK‟s 2020 
electricity generating sector is likely to be the ongoing Electricity Market Reform 
(EMR) process being undertaken by UK Government. Energy policy is only partly 
devolved and UK Government policy is such that it does not dictate specific projects 
or technologies but instead sets the economic and environmental policy goals and 
framework for the private sector to respond to. Generating companies will generally 
seek the most cost-effective solutions and locations within the options open to them 
- which may not deliver the desired growth in renewables.  
 
The costs of renewables deployment are relatively uncertain, especially if scaled up 
massively as is required to meet the 100% target. Onshore wind is a relatively 
mature technology with relatively well-known costs but insufficient scope for further 
development. Offshore wind and – even more so - marine and tidal technologies are 
more expensive and uncertain. Large offshore turbines are as yet unproven and 
there is little experience of installing and maintaining them in deeper waters. 
 
Conventional economics suggest that economies of scale are possible – but for this 
to occur the supply chain must be able to respond effectively. This is not always 
possible, however, and a massive increase in demand in the context of constrained 
supply leads to cost inflation (as has previously occurred with offshore wind). 
 
It is important to note that – under any scenario - huge investment in the UK‟s 
electricity infrastructure will be required in the next decade. A large share of our 
existing generating capacity is due for retirement and must be replaced (not just with 
renewables but more gas and new nuclear too). Scotland seems well placed to 
capture a large share of this investment for itself whilst also contributing 
disproportionately to UK and EU objectives. 
 

 
Challenges  
 
(a) Technology  
 

 Is the technology to meet these targets available and affordable? 
 

Wind turbines, especially for onshore deployment, are a relatively well-developed 
technology, and will contribute most to the 2020 targets. Larger offshore turbines 
(e.g. 7MW) are still in development. 
 
Wave and tidal power is not yet proven at a commercial scale – it has great 
potential but not before 2020. Biomass is also a proven way of generating 
electricity but there are some concerns over the sustainability of its fuel supply 
(apparently more so in Scottish than UK Government). Hydro power is long-
established but very capital intensive but relatively cheap to operate thereafter 
and can generate very valuable (controllable peak time) power that sells at a 
premium. 
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Affordability is relative. Fuel poverty is already a major problem and the impact of 
rising energy costs on the poorest in society is of acute concern. Likewise, for 
energy-intensive businesses operating in international markets, energy 
affordability is critical. 

 
Increasing energy costs in recent years (mostly due to rising gas prices) have 
made the topic politically sensitive. As major infrastructure costs and delivery are 
negatively affected by political instability, it is important that the costs of 
renewable energy are politically sustainable. 

 
Renewable energy currently costs more than fossil fuelled and nuclear energy 
and requires subsidy. This is likely to remain the case to 2020 although costs can 
be reduced. In particular, offshore wind costs are the focus of a Task Force, 
which is seeking to reduce costs (this Task Force will report soon). Onshore wind 
is often cited as being the cheapest form of renewable generation that can be 
quickly deployed at scale in Scotland – but the costs of associated grid upgrades 
and balancing capacity should also be considered. The value of the output 
produced needs also be considered: energy produced at peak periods 
commands a premium while unwanted production (e.g. at night in summer) may 
be worthless (indeed generators can be paid not to supply it. This is not only the 
case for wind generation, although it is particularly prone. The ability to store 
energy is limited – see later comments. 
 
When discussing energy costs, it is important to consider the demand and supply 
sides. Much energy is wasted through poorly-insulated buildings, for example. In 
most future scenarios energy is likely to be more expensive (even gas): using 
less of it and more efficiently is a “no brainer”. 

 

 Are electricity generating or heat producing technologies compatible with 
the need for security of energy supplies? 

 
Rapidly scaling-up the contribution of wind power to the level likely to be required 
to meet the Scottish Government‟s 2020 targets presents challenges in balancing 
the transmission grid. At present, the contribution of wind is small enough that it 
can be accommodated within the current system. A much greater presence of 
intermittent sources on the Grid requires major upgrades so that more electricity 
from different sources can be more efficiently moved around the UK (and its 
overseas connections).  
 
The latest report from the Energy Networks Strategy Group („Our Electricity 
Transmission network: A Vision for 2020‟, February 2012) suggests that this is 
feasible but will require major investment. Likewise, more balancing capacity 
(mostly gas) will be required, often operating at less than optimal efficiency (in 
“spinning reserve”). These costs – financial and carbon – should be factored into 
a total systems analysis. 
 
The UK Government plans to publish its policy on balancing the future electricity 
system this summer. The Scottish Government needs to be closely-involved. 
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It is important to consider the Scottish Government‟s ambitions within a wider 
geographic context: the more diversified and balanced the system the better for 
security of supply. Denmark‟s wind power is integrated into a wider Scandinavian 
and German system, which allows mutually-advantageous transmission across 
borders – Denmark sends excess supply to Norway and Sweden, where the 
extensive hydro capacity can effectively store it. In return, controllable and fast 
responding hydro power can be returned to Denmark when required. 
 
The UK, even Scotland, does not have the abundant hydro power potential of 
Norway and so is less able to store surplus wind-generated power, and relies 
more on gas for balancing. However, the changing characteristics of the UK‟s 
electricity market have seen renewed interest in new hydro, and the Scottish 
Government may wish to investigate more far-sighted options for expanding this 
in future. 

 

 Are our universities and research institutes fully geared up to the need for 
technological development, innovation and commercialisation? 
 
Scotland has significant academic strengths in energy and engineering subjects 
and these are being developed. There may be further potential to tap academic 
input to develop the independent oversight function we think is required for the 
Government‟s plans: this would require more resourcing and access to 
information and intelligence (such as Government-commissioned generation 
scenario models). 

 
 
(b) Supply chain and infrastructure  
 

 Is the supply chain in Scotland in place to meet the targets? 
 

Most of the value in the wind generation supply chain is currently captured 
outside Scotland (and indeed the rest of the UK). More potential exists in wave 
and tidal commercialisation but this will not be a major element in meeting the 
2020 targets. This is why it is essential to maximise supply chain opportunities by 
engaging with industry as Scottish Enterprise and Scottish Development 
International are doing but other countries have a strong lead and there is 
international competition for materials, skills and investment. 
 
The ability of the supply chain to deliver on the scale required by the 
Government‟s plans is an important element of risk. 

 

 What further improvements are needed to the grid infrastructure or heat 
supply networks both at a national and a local level? 
 
As noted, we are aware that a system balancing policy is expected this summer. 
We also know that greatly enhanced inter-connection is required between the 
locations of renewables generation and the demand for electricity. We are also 
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aware of current investigations into a major (1400MW) interconnector between 
Scotland and Norway. From a technical perspective, this appears to offer major 
scope for balancing a wind-dominated system but we cannot comment on the 
financial or economic case (either for construction or operation). 

 

 Additionally, are we confident that the necessary infrastructure can be 
developed and financed so that Scotland can export any excess electricity 
generated to the rest of the UK and/or the EU? What is the role of Scottish 
Government here? 
 
While the infrastructure can be developed if exporting is shown to be a 
worthwhile strategy, the feasibility and value of such exporting requires further 
investigation.  
 
A successful commercialisation strategy requires as much understanding of 
customer demand as it does of the potential supply. Who would buy our surplus 
electricity, and at what cost? And given the variable value of electricity at different 
times of day and year, would our exports balance – in amount and cost – any 
import requirements? 
 
As noted, from a technical perspective the Danish system is effective but the 
economic case is less clear (as is its applicability to Scotland). The Danes‟ 
support for wind generation has also reaped industrial leadership – it is unclear 
that Scotland could match this in wind, although we are well-placed to do so in 
the longer term with wave and tidal technology. 
 

 
(c) Planning and consents  
 

 Is the planning system adequately resourced and fit for purpose? 
 

Planning is a critical factor in civil engineering – and one over which the Scottish 
Government has control. Our planning system is increasingly geared towards the 
efficient development of renewable energy infrastructure. The country‟s relatively 
low population density compared to England makes deployment of large scale 
infrastructure less controversial – but challenges will continue to emerge. 

 

 How can national priorities be reconciled with local interests? 
 

The planning system has an invidious task – not everyone can be a winner in 
decisions about major projects. Nevertheless, systematic, inclusive and 
transparent forward planning at national, regional and local levels (not simply 
waiting for individual developers to bring forward projects) can help reduce 
project-by-project conflict. 
 
Ensuring that those who bear the brunt of local impacts (e.g. on their local 
landscape) receive a disproportionate share of the benefits (e.g. free energy) 
should also be considered. 
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(d) Access to finance  
 

 Will sufficient funds be available to allow investment in both the installation 
and the development of relevant technologies? What can the Scottish 
Government do to influence this?  

 
It is likely that the funds could become available if the appropriate EMR and other 
frameworks are put in place and if there is good evidence that what is being 
proposed in Scotland is workable, affordable, and economic. Given the 
uncertainties over the future policy context and the lack of independent study of 
the Scottish Government‟s proposals it is unclear whether relevant funds will 
actually be forthcoming. In a UK-wide and (to some extent) market-led system 
such uncertainty is inevitable and simply serves to reinforce the case for the 
rigorous, ongoing and independent review of Scotland‟s ambitions and progress. 
This partly a technical exercise – a total systems analysis (regularly repeated as 
conditions evolve) - but also concerns political, planning, social and logistical 
factors. 

 

 What will the impacts be on consumers and their bills? 
 

As noted above, energy prices are likely to increase under all likely future 
scenarios to 2020 (even if the most bullish shale gas predictions are realised). 
Thus in all scenarios, demand-side measures are as essential as supply side 
ones. Special measures for consumers most exposed to rising energy costs 
should also be considered. 

 
UK Government‟s estimates of future energy bills are subject to many “hostages 
to fortune”, and perhaps also to “optimism bias”. These should be independently 
reviewed, assumptions and uncertainties exposed and explored. 

 
 
(e) Skills and workforce development  
 

 Will Scotland have sufficient home-grown skills to attract inward 
investment? Are current policies producing the desired move towards 
Science Technology Engineering and Maths subjects at schools and 
universities? Is the skills transfer from the oil and gas sectors being 
realised? 
 
Suitably skilled labour is a major element of the supply chain, and one where 
there are issues to be addressed, perhaps especially at the apprentice and 
technician level. STEM subjects also need to be better promoted in schools, 
especially primary – this is a longstanding issue for the professional institutions 
(which already run programmes of schools visits and pre-19 activity). 
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There is some evidence of joined up working with Strategic Forum partners 
(Scottish Enterprise (SE), Scottish Government, Skills Development Scotland 
(SDS), Scottish Funding Council) co-ordinating a shared evidence base of low 
carbon market opportunities and their likely skills implications. Similarly SDS, SE, 
the Energy Technology Partnership and the Energy Skills Partnership are 
cooperating to develop a clear and joined up approach to skills delivery. Some 
success has been achieved with training academies and centres and the 
engineering excellence project but industry representatives cite transitional 
training, graduate work-readiness, and sector attractiveness as key challenges. 
 
It is unclear that skills transfer from the oil and gas sector is taking place on a 
major scale: the demand for oil and gas sector expertise is strong within that 
sector and often pays well. 
 
 

(f) Energy market reform and the subsidy regime  
 

 Are the reforms of the energy markets and subsidy regimes at both UK and 
EU level sufficient to meet the challenge of the Scottish Government’s 
renewable targets? 

 
We cannot yet know how well the proposed market reforms will work but they are 
another key risk to the strategy that needs to be assessed. 
 
The UK‟s reforms are “first of a kind” and – as engineers know – predicting the 
performance of a complex “first of a kind” system is extremely difficult. Almost the 
only consequences that can be foreseen are unforeseen consequences: “the 
best laid plans o‟ mice and men gang aft agley”. Future problems cannot be 
entirely avoided but rigorous, regular and independent review can help to 
highlight and mitigate risk. 

 
 
Institution of Engineers and Shipbuilders in Scotland (IESIS) 
Institution of Civil Engineers (ICE) 
Institution of Engineering and Technology (IET) 
Institution of Mechanical Engineers (IMechE). 
 
 


