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EXECUTIVE SUMMARY 

Scotland’s renewable energy resources can generate material economic value 

Scotland currently has ~12GW of installed renewable electricity capacity, about 70% of which is onshore 

wind.  The Fraser of Allander Institute have estimated that this generated £2.3 billion in GVA and 

supported 23,000 jobs in 2019.  The size of this sector – and the associated economic value – has grown 

over the past decade, from an installed capacity of ~4GW in 2008.   

Looking forward, there are aggressive plans for building renewable energy capacity.  Offshore wind will 

become the dominant category in Scotland: from a current installed base of ~1GW, there are another 

~7GW of projects (net) in the current pipeline, and 25GW of ScotWind bids.  By the late-2030s, it is 

possible that there could be ~26GW of offshore wind capacity – making Scotland a significant player in 

the global industry.  Approximate estimates indicate that this would generate average annual GVA of 

about £4.5 billion and about 21,000 total jobs. 

Significant increases in onshore wind are also likely, with targeted increases of 12GW by 2030 – from 

~8.5GW today to 20.5GW.  This increase is estimated to generate annual incremental GVA of £2.8 billion 

and an average of 17,000 more jobs over the operational life of these projects.  There is additional 

economic value from the expected expansion in solar, pumped storage hydro, and tidal stream energy.   

Taken together, it is possible that installed capacity of renewable energy could increase to ~54GW by 

the late-2030s.  As a first approximation, this could generate a contribution in annual GVA of £10.5 

billion and 75,000 jobs.  As a share of Scotland’s overall GVA, this contribution represents about 3.5% by 

the late-2030s.  And the total jobs supported represent about 2.7% of Scotland’s employment.   

Beyond this to 2045/2050, further increases are likely – particularly in offshore wind, where there is no 

near-term resource constraint on potential.  The speed and timing of these increases in installed 

capacity – and the accompanying economic value – depend heavily on developments in renewable 

energy technology and economics, the strength of UK and offshore demand, and so on, over the next 

couple of decades.   

But based on various scenarios prepared, Scotland’s total installed capacity could grow to over 80GW by 

2050, largely driven by offshore wind expansion.  The estimated economic contribution (in gross terms) 

of this total capacity is annual GVA of ~£14.5 billion (~3.5% of Scottish GVA) and ~110,000 jobs.   

Although renewables are estimated to make a significant economic and labour market contribution, this 

contribution will be smaller than the current size of the oil and gas sector in Scotland, which contributes 

~12% of Scottish GVA.  Over time, the oil and gas sector will contract, but the economic contribution of 

renewable energy production is not estimated to be of the same scale as oil and gas.   

Beyond this, there are substantial economic opportunities in the hydrogen economy 

There are also large opportunities for Scotland in the hydrogen economy, powered by renewable 

electricity.  Hydrogen will be an important part of decarbonising the Scottish economy, notably industry 

and parts of transport, and also has export potential.  Assessments in the UK and around the world 

consistently indicate that hydrogen will be a central part of the net zero transition.  The technology 
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remains early stage, and the cost structures remain relatively high, but the economics of producing and 

using hydrogen are expected to strengthen rapidly over the next decade.   

Even with electrification of the Scottish economy at pace, Scotland will produce substantial surplus 

electricity from its installed renewable capacity.  This presents opportunities for the production, use, 

and export of green hydrogen.  Much of the economic value from green hydrogen is estimated to come 

from export markets.  By moving quickly on offshore wind, Scotland has created options to create a 

competitive, at-scale green hydrogen capability – where meaningful parts of the value chain are located 

in Scotland.   

The Scottish Government has a hydrogen production target of 5GW by 2030.  Green hydrogen in 

particular has substantial economic potential, with growing international demand.  Various estimates 

suggest that an integrated approach to offshore wind and green hydrogen could generate as much as 

£25 billion in GVA and over 300,000 jobs by 2045 in gross terms.  This is markedly larger than the 

current contribution of the oil and gas sector.  

Not all of these estimated economic benefits from hydrogen are incremental, as they include some of 

the offshore wind benefits discussed above.  But as a first approximation, these estimates imply that the 

combined estimated economic value by 2045/50 of aggressively expanding Scotland’s renewable energy 

capacity as well as the benefits from becoming a substantial green hydrogen energy exporter are in the 

order of £34 billion annual GVA and 385,000 jobs.  These are optimistic estimates, with substantial 

uncertainty around them, but provide an approximate sense of the order of magnitude. 

Blue hydrogen, supported by CCS, has potential for domestic use but has little export potential.  The 

technology around the blue hydrogen process is uncertain, there are no existing at-scale CCS facilities in 

Scotland, and it is exposed to high gas prices.  It seems likely that a green hydrogen approach can create 

more substantial economic value for Scotland on a sustained basis than blue hydrogen, particularly if 

the costs of green hydrogen reduce sharply in line with current forecasts.   

Renewable energy and green technology can generate broader benefits across the economy 

There is potential to increase economic value capture from renewable energy, through the deliberate 

extension of renewable energy and green technology into ‘horizontal’ opportunities across the Scottish 

economy.  Beyond renewable energy as an industry ‘vertical’, where the benefits come from the direct 

production process, it can create economic value across the economy. 

First, access to low cost, renewable energy is an increasingly important source of competitive advantage 

for firms based in Scotland.  It will strengthen the international competitiveness of Scottish-based firms 

that are competing in rUK and offshore, particularly those that are energy and emissions intensive.  UK 

(and Scottish) energy prices are structurally higher than elsewhere in Europe, which discourages 

industrial activity.  Lower prices may encourage firms to expand their operations in Scotland.  There is 

also value from greater energy resilience, reducing Scotland’s exposure to external energy price shocks 

by increasing domestic production.   

Second, these characteristics will make Scotland a more attractive location for inward FDI – particularly 

from firms that are energy intensive and are looking to reduce emissions.  Opportunities include 

attracting data centres and industrial facilities.  The international experience suggests that there are 

substantial direct and indirect economic benefits from this FDI, particularly where it can be used to 
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develop or anchor related clusters of economic activity.  For example, several small economies have 

strengthened their digital economies through data centre investment. 

Third, beyond the physical exports of electricity and hydrogen, there are opportunities to export 

advisory services, IP, and other expertise.  Scotland may be able to leverage its leading position in 

offshore wind (particularly floating offshore wind) and tidal stream energy to develop leading advisory 

and services firms that serve global markets.   

My assessment is that the economic value from these related activities can make a material contribution 

to Scotland’s economic performance, particularly when coupled with supportive policy and 

complementary investments.  Renewable energy and green technology can be at the centre of a 

modern industrial strategy for Scotland. 

There are several constraints and risks that will limit the economic value that can realistically be 

captured 

The first set of constraints relate to the supply of labour and investment capital.  The estimated number 

of incremental jobs are a substantial potential economic benefit, but also represent a constraint.  The 

total jobs numbers in the positive scenarios (~300,000 FTEs by 2050) represent over 10% of the Scottish 

labour force by 2050 in what will likely remain a tight labour market.  This creates deep challenges in 

securing the amount of labour required to generate the estimated economic value. 

Releasing labour from the oil and gas sector as it contracts, as well as from other parts of the Scottish 

economy, will be needed.  Another option is significant migration inflows from rUK or from offshore, 

which is now complicated by Brexit arrangements.  It is not possible to precisely estimate the impact of 

this labour supply constraint without detailed modelling, but limits on the labour supply means that the 

gross estimates of headline economic value will need to be substantially discounted.  

More broadly, the reallocation of labour at the required scale will mean a structural transformation of 

the Scottish economy with some sectors contracting.  This will materially reduce the economy-wide net 

GVA impact from renewable energy and green technology relative to the gross estimates described 

above: much of the employment and GVA effect of renewable energy and green technology will be 

diverted from elsewhere in the Scottish economy. 

Similarly, substantial amounts of capital investment are required to deliver this pipeline of renewable 

electricity and hydrogen.  In addition to heavy baseline spending in grid strengthening and 

decarbonising the Scottish economy, much additional investment is required in infrastructure (ports, 

grid, interconnectors), the generation and production facilities, supply chains, and so on.  Estimates are 

very approximate and imprecise, but this is at least tens of billions of pounds over the next few decades, 

and likely significant more (perhaps over 100% of Scottish GVA).   

Although capital is flowing into these projects around the world, the scale of global expansion is massive 

and there is much international competition for capital.  And the Scottish government is constrained in 

using its balance sheet in the way that other small economy governments can.  Scotland will need to 

work hard to ensure that sufficient capital is mobilised to deliver against the more ambitious scenarios.  

There are several technology and commercial risks: there is uncertainty about the pace of technological 

progress, and dynamics of the cost structures.  And there are emerging cost pressures, as demand for 
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renewables runs up against supply side constraints.  This is particularly true in categories to which 

Scotland is exposed, such as offshore wind.  And Scotland faces competitive pressure to be the 

preferred location for value-adding activity.   

Lastly, there are policy and regulatory challenges (with many decision-making rights held at UK level) 

that need to be made to support investment in Scottish renewables.  The transmission pricing system 

needs reform, to avoid the major financial disadvantage and uncertainty imposed on Scottish generators 

that deters investment in Scottish renewables.  Stronger incentives are needed to make anticipatory 

investments in the grid (including storage) to cope with the increase in renewable energy being 

produced.  And the CfD (contracts for difference) scheme needs to cover the classes of renewable 

energy that are important to Scotland (floating offshore wind, pumped storage hydro) to provide 

confidence to investors.  Various reviews are underway on these issues.  

Many of these issues have constrained investment in Scottish renewables capacity over the past decade.  

Some progress has been made (e.g. CfD reforms), and some work-arounds are possible (private wire 

arrangements for large electricity consumers in Scotland), but further reform is needed to accelerate 

investment in Scottish renewable energy capacity.   

Scotland is competing with other small advanced economies that are moving quickly and at scale 

To calibrate Scotland’s efforts, it is useful to consider the actions, commitments, and approaches of 

other small economies that have similar properties to Scotland.  The overall message is that the net zero 

transition is proceeding at pace, with substantial capital being deployed.  Denmark and the Netherlands 

offer clear examples in terms of the speed and scale of ambition, in terms of increased renewables 

capacity and green hydrogen capability and infrastructure. 

This is the context in which Scotland is competing.  Scotland is developing a leading position in 

renewable energy but needs to move at speed.  There is strong first mover advantage in developing 

value chains and attracting investment capital.  Scotland’s offshore wind resource and aggressive 

timelines for ScotWind make it more likely that Scotland will be able to develop a leading position. 

To capture full economic value, renewable energy and green technology should be a central part of 

Scotland’s economic strategy 

The constraints on delivering against all of the targets simultaneously means that strategic choices will 

need to be made in terms of where to allocate capital and policy resources to capture the maximum 

available economic value.  There are multiple investments and policy decisions that need to be made, 

across a broad range of policy domains.   

This suggests the importance of developing an overall strategic direction, building on the individual 

policy statements that have already been prepared.  Although there is substantial uncertainty on the 

outlook, this should articulate an overall point of view on the strategic choices that will be made, the 

level of aspiration, consequent resourcing requirements, the policy choices, and so on.   

Some of the strategic choices to be made include a view on the preferred portfolio of renewable energy 

investments; the choice between investing in green v blue hydrogen, and consequential support for CCS; 

the supporting strategic investments; the plan for strengthening the supply of labour; and so on.  This 

strategic direction will support long term investment decision-making.   
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This policy agenda should be integrated into Scotland’s broader economic agenda.  Capturing economic 

value will require aggressive, sustained action across a broad range of policy instruments: the use of the 

government balance sheet, labour market policy, FDI attraction, and so on.  A high level view will also 

need to be formed on the overall structure of the Scottish economy, given the demands that 

renewables energy will place on labour and capital in the Scottish economy. 

Renewable energy and green technology offer the potential for the economic transformation of the 

Scottish economy.  Scotland should move quickly and with a clear view on how renewable energy and 

green technology will be integrated into its overall economic direction.     
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INTRODUCTION 

This paper provides a high-level assessment of the economic opportunities associated with renewable 

energy and green technology in Scotland, as well as the priorities for policy and other actions in order 

for Scotland to capture this economic value.  This analysis brings together existing studies and estimates 

of the economic impact of specific types of renewable energy and green technology in Scotland. 

Renewable energy and green technology represent a substantial strategic economic opportunity for 

Scotland: wind, tidal, hydro, and so on; and various green sector technologies, such as hydrogen.  

Significant economic value can be generated as part of Scotland’s transition to a net zero economy by 

2045, even as Scotland’s oil and gas sector likely shrinks.  Indeed, other small economies, including in 

Europe, are moving aggressively in this direction. 

The research approach is based on economic assessments in existing third party work, together with 

information from interviews with relevant stakeholders, and a review of the international experience in 

selected economies.  This analysis will explicitly not include original economic modelling.   

The contribution will provide an integrated, overall sense of the economic contribution that the green 

sector can make in Scotland.  This paper is written as an input into a strategic conversation about the 

economic opportunities from renewable energy and green technology, and the accompanying priorities 

for action.  It is intended to be an ‘umbrella piece’ that can provide the basis for subsequent detailed 

analysis and modelling in the future. 

It is structured as follows.  Chapter 1 describes the current state and prospective pipeline to 2050 of 

installed renewable energy capacity – as well as the accompanying economic impact.  Chapter 2 

considers the additional economic impact of using renewable energy capacity to generate hydrogen.  

Chapter 3 identifies several broader classes of potential economic impact from the greater supply of 

renewable energy and green technology.   

Chapter 4 then considers several constraints and risks that may limit the extent to which the renewable 

energy pipeline – and accompanying economic value – can be fully delivered.  Chapter 5 contains several 

case studies of the approaches and experiences of renewable energy and green technology in small 

advanced economies.  Chapter 6 provides some overall thoughts on priorities for action for Scotland. 
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1. ASSESSING THE ECONOMIC VALUE OF RENEWABLE ENERGY 

Introduction 

Beyond the central role of renewable energy in reducing Scotland’s emissions, the increasing 

deployment of renewable energy will have a significant impact on the Scottish economy – creating new 

economic activity and jobs.  Although the transition to net zero will involve costs, for Scotland there are 

many economic opportunities as well.  Scotland has a substantial endowment of renewable energy 

resources (wind, hydro, tidal, solar).  And an increased reliance on domestic renewables will increase 

Scotland’s energy resilience as well as leading to lower prices over time. 

This chapter describes the current state and projected outlook for Scotland’s renewable energy 

capacity, as well as the accompanying economic impact (primarily GVA and employment).  This 

discussion draws on a range of economic impact studies that have been conducted over the past several 

years.   

The analysis starts by describing the assessments of the current economic impact of the installed 

capacity.  It then outlines the forecast economic impact of the additional capacity that is expected to be 

brought online over the next decade or so, until the mid-2030s.  The economic contribution of 

renewable energy until 2045 (Scotland’s net zero target date) is also considered.  The estimate 

economic impact of renewable energy will be benchmarked against the economic contribution from 

Scotland’s oil and gas sector. 

Current state 

Installed capacity 

Renewable electricity installed capacity in Scotland increased from 3.4GW in 2008 to 12.2GW in Q3 

2021.  In terms of electricity generated from renewable sources, this has increased from 9.1GWh in 

2008 to 32.1GWh in 2020 – an increase of ~3.5x over this period.1   

 
1 For an overview of Scotland’s renewable energy data, refer: https://www.scottishrenewables.com/our-industry/statistics/  See 
also:  https://www.gov.uk/government/statistics/energy-trends-section-6-renewables  

https://www.scottishrenewables.com/our-industry/statistics/
https://www.gov.uk/government/statistics/energy-trends-section-6-renewables
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Scotland has ~12GW of installed renewable electricity capacity, about 
70% of which is onshore wind

Source: BEIS Energy Trends; Landfall Strategy Group calculations.

Scotland’s installed renewable electricity generation, MW, Q4 2010 – Q3 2021
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71% of Scotland’s installed capacity comes from onshore wind.  This has increased significantly since 

2008, from 2.5GW in 2010 to 8.7GW in Q3 2021: this accounts for >60% of the UK’s 13.7GW of onshore 

wind installed capacity.  The second largest category is hydro at 14%, although there has been no new 

at-scale capacity developed for over a decade.  Offshore wind is currently 7% of renewable electricity 

installed capacity, with substantial growth over the past several years (up 4x since 2017).  Solar 

installations account for 3% of the total, followed by contributions from biomass. 

Renewable electricity accounts for 99% of Scotland’s gross electricity consumption in 2020, up from 24% 

in 2010 and 12% in 2000.  This is one of the highest shares across advanced economies.  The overall UK’s 

share of renewable electricity generation is lower at about 33%, with contributions from nuclear, gas-

fired generation, and coal. 
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Nuclear energy is an important source of electricity generation in many 
advanced economies, including several small economies

Source: IRENA; Landfall Strategy Group calculations.

Electricity generation, % from renewable energy (blue/yellow) & nuclear (grey), 2018
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However, electricity accounts for only 21% of Scotland’s total energy consumption, compared to 52% for 

heat and 25% for transport.2  25% of Scotland’s total energy consumption comes from renewable 

sources; the Scottish Government’s target (in the Energy Strategy) is to achieve a 50% renewable share 

of energy.  The implication is that decarbonising heat and transport is central to achieving net zero.  

 
2 https://scotland.shinyapps.io/Energy/  

https://scotland.shinyapps.io/Energy/
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Scotland is close to self sufficiency in renewable electricity generation, 
but renewable electricity accounts for ~25% of total energy demand

Source: Scottish Energy Statistics Hub; BEIS Energy Trends; Landfall Strategy Group calculations.

Scotland energy consumption (& renewable electricity production), GWh
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This means that substantial innovation is required in terms of decarbonising the remainder of the 

Scottish economy, as well as transitioning to other low/zero emissions energy such as hydrogen.  The UK 

Climate Change Committee estimates that Scotland’s electricity demand will broadly double by 2050 

(across a range of scenarios) to 55-65 TWh.3  This is partly due to greater electrification in transport, 

heating, and manufacturing and construction.   

Despite the increase in Scotland’s renewable energy capacity, England has out-paced Scotland over the 

past decade.  From a similar starting point in 2010 (<5GW), England now has 31GW of installed capacity 

compared to 12GW in Scotland.   

 
3 Climate Change Committee, ‘The Sixth Carbon Budget: Electricity generation’, December 2020. 
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England has out-paced Scotland in building renewable electricity 
capacity since 2010, and has 2.5x as much capacity (31GW v 12GW)

Source: BEIS Energy Trends; Landfall Strategy Group calculations.

Scotland v England installed renewable electricity generation, MW

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

Q
4

 2
01

0

Q
1

 2
01

1

Q
2

 2
01

1

Q
3

 2
01

1

Q
4

 2
01

1

Q
1

 2
01

2

Q
2

 2
01

2

Q
3

 2
01

2

Q
4

 2
01

2

Q
1

 2
01

3

Q
2

 2
01

3

Q
3

 2
01

3

Q
4

 2
01

3

Q
1

 2
01

4

Q
2

 2
01

4

Q
3

 2
01

4

Q
4

 2
01

4

Q
1

 2
01

5

Q
2

 2
01

5

Q
3

 2
01

5

Q
4

 2
01

5

Q
1

 2
01

6

Q
2

 2
01

6

Q
3

 2
01

6

Q
4

 2
01

6

Q
1

 2
01

7

Q
2

 2
01

7

Q
3

 2
01

7

Q
4

 2
01

7

Q
1

 2
01

8

Q
2

 2
01

8

Q
3

 2
01

8

Q
4

 2
01

8

Q
1

 2
01

9

Q
2

 2
01

9

Q
3

 2
01

9

Q
4

 2
01

9

Q
1

 2
02

0

Q
2

 2
02

0

Q
3

 2
02

0

Q
4

 2
02

0

Q
1

 2
02

1

Q
2

 2
02

1

Q
3

 2
02

1

Scotland England

 

On a GW capacity per capita basis, Scotland is well ahead of England in terms of renewable electricity 

capacity (2.2GW per million population versus 0.5GW per million in England).  But this experience over 

the past decade should inject some caution into interpreting the ambitious forecasts for increased 

installed capacity in Scotland over the coming decades.  Scotland got off to a good start in building 

capacity, but subsequently under-shot against forecasts while England moved relatively quickly.  Some 

of the reasons for this will be discussed in Chapter 4. 

Economic contribution 

The Fraser of Allander Institute (FAI) prepared estimates of the economic contribution of the renewable 

energy sector in Scotland, using data to 2019 (in research commissioned by Scottish Renewables).4 

FAI estimated that Scotland’s renewables sector had a turnover in 2019 of £2.8 billion, contributed £1.1 

billion of direct GVA, and 6,440 direct full-time equivalent (FTE) employment.  But the full economic 

impact of the renewable sector also includes its indirect contribution through the spending of its 

employees as well as the impact on the supporting supply chains.  ‘Including these spill-over effects, we 

find that Scotland’s renewable activities support £5.2bn of output, £2.3bn of GVA and 22,660 full-time 

equivalent employment in the Scottish economy’.   

To put this in context, this economic contribution represents 1.6% of Scotland’s GVA in 2019 and 0.8% of 

total employment in 2019.5 

The direct employment of renewable activities is mostly in the electricity & gas, construction, and 

manufacturing industries, but the spill-over impacts extend into many other sectors across the 

 
4 Fraser of Allander Institute, ‘The Economic Impact of Scotland’s Renewable Energy Sector’, 2019.  
5 In 2019, Scotland’s total GVA was £147 billion.  Note that the official estimates of Scotland’s GDP (with a geographic share of 
offshore) is >20% higher at £181 billion in 2019.  Total employment in Scotland is about 2.7 million. 
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economy.  The study estimates that renewable activities support over 3,000 FTE employment in the 

wholesale & retail sector, 1,600 FTE employment in professional, scientific & technical services, and 

1,800 FTE employment in the admin & support services sector.6   

Installed capacity has increased by about 400MW between 2019 and Q32021, largely due to the growth 

of onshore wind.  This is just a 3% increase since the data available to the study, so the current 

economic impact should be very similar to those estimated by FAI in 2019. 

The FAI study drew on an annual ONS survey of the low carbon and renewable energy economy in the 

UK, which contains some breakdowns for Scotland.7  In the latest release of this survey (in mid-2021, for 

2019 data), the ONS make a central estimate for Scotland of £5.7b of turnover and 21,400 FTE 

employment in Scotland in 2019 (broadly in line with the FAI estimates).  For England, the survey 

estimated that £33.7b of turnover and 165,600 employees were related to this sector.  Expressed as a 

share of total employment, these low carbon and renewable energy activities are a more important part 

of the Scottish economy than of the English economy (0.8% v 0.6% of total employment).   

Variation by technology 

The FAI study estimates an overall FTE employment contribution from renewable energy of 22,660 jobs 

in Scotland.  This employment is distributed across onshore wind (8,780), offshore wind (4,700), 

hydropower (3,290), solar (1070), bioenergy (2,630) and renewable heat (2,390).  In terms of the total 

GVA contribution of £2.25 billion, this is distributed across onshore wind (£450m), offshore wind (£1b), 

hydropower (£370m), solar (£60m), bioenergy (£190m), and renewable heat (£260m).   

FAI caution that these technology-specific estimates are very approximate (because of limited data 

points) and should not be treated as precise estimates.  But they give a rough indication of the 

magnitudes of the economic impacts across the major types of renewable energy types. 

These estimates suggest that the economic and employment contribution made by the different 

renewable energy technologies varies significantly.  For example, in terms of employment contribution, 

onshore wind generates 1.1 job per MW of installed capacity compared to 5.2 jobs per MW for offshore 

wind.  Solar is 2.9 per MW, and hydro is 2.0 per MW.  A similar profile is seen with the GVA contribution, 

with offshore wind (£0.5b GVA per GW) higher than £0.12b per GW for onshore wind; solar is £0.17b 

and hydro is £0.22b per GW.   

Taken at face value, offshore wind makes the strongest economic contribution per GW of installed 

capacity whereas onshore wind makes the weakest contribution.  Solar and hydro are in the middle of 

the range.  Of course, this is a crude calculation and caveats apply.  The high offshore wind estimate may 

capture the currently intensive construction phase of offshore wind whereas there has been relatively 

 
6 These estimates exclude other activities such as hydrogen, CCS, low carbon consultancy, low emission vehicles, and various 
energy efficiency activities.  These are not currently material activities in Scotland. 
7 The Low Carbon and Renewable Energy Economy Survey is based on a sample of ~24,000 businesses across 17 low carbon 
sectors: offshore wind, onshore wind, solar photovoltaic, hydropower, other renewable electricity, bioenergy, alternative fuels, 
renewable heat, renewable combined heat and power, energy efficient lighting, other energy efficient products, energy 
monitoring, saving or control systems, low carbon financial and advisory services, low emission vehicles and infrastructure, 
carbon capture and storage, nuclear, fuel cells and energy storage.   
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little solar and hydro construction in recent years.  But it may also point to the relative complexity, scale, 

and depth of the supply chains associated with offshore wind.  

Projected economic impact of renewable energy 

Looking forward, the economic importance of renewable energy in Scotland will increase further as 

government commitments to net zero as well as strengthening commercial incentives lead to increased 

investment.  Much of this increased capacity in Scotland is likely to be in the form of offshore wind, a 

class of renewable technology that seems to make a particularly strong economic contribution. 

The following discussion considers the expectation of installations through to 2045/2050, and the 

accompanying economic contributions.  This assessment will draw on a range of existing third party 

estimates of the economic impact of various renewable technologies.  Many of these studies have been 

commissioned by stakeholder groups, but they have been independently prepared – and are broadly 

credible. 

Onshore wind 

Forward projections 

Onshore wind is currently the largest single category of renewable energy in Scotland, with ~8.7GW of 

installed capacity.  Onshore wind costs have reduced sharply over the past decade, reinforcing the 

position of onshore wind as the cheapest form of renewable energy in Scotland (and the UK).8  These 

costs are likely to continue to reduce in Scotland, due to a combination of scale and new technology.  

New onshore wind is already competitive with gas (even before the current surge in gas prices), and this 

trajectory is likely to continue.   

There are additional projects under construction or in the pipeline.  The Scottish Government’s ‘Onshore 

Wind Policy Statement Refresh 2021: Consultative Draft’, released in October 2021, noted that there 

were around 9.7GW of onshore wind currently in the pipeline, spread over 202 different projects: 

4.7GW in planning/consenting; 4.6GW awaiting construction; and 0.4GW currently in construction. 

Against this, there is an expectation of ~2.5GW of currently operational capacity reaching the end of its 

consented life within the next decade; decisions will need to be made on repowering these projects, 

investing in life extension, or decommissioning.  Adding this up, this means that on current plans 

~15.7GW of onshore wind capacity is currently planned to be in operation by 2030.   

However, more capacity than this may be installed by 2030.  The Scottish Government’s Onshore Wind 

Policy Statement Refresh is currently seeking views on an ambition for an additional 8-12GW of onshore 

wind to be installed in Scotland by 2030 (inclusive of the current pipeline).  This would lead to 16.5 – 

20.5GW of onshore wind capacity by 2030.   

These possible government goals are consistent with Renewable UK’s recent ‘Onshore Wind Industry 

Prospectus’.9  This report argued that to achieve the UK’s 2050 net zero target, overall UK onshore wind 

capacity would need to more than double from 14GW currently to 30GW by 2030.  Of that incremental 

 
8 BVG Associates, ‘The Power of Onshore Wind’, 2018; BEIS; IRENA 
9 RenewableUK, ‘The onshore wind industry prospectus’, October 2021 
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net 16GW in UK onshore wind capacity, about 80% would be generated in Scotland.  Specifically, the 

proposed target is for Scotland’s onshore wind capacity to increase by 12GW to 20.5GW by 2030.   

Beyond 2030, there are no formal targets or projections for onshore wind in Scotland.  However, in 

every emissions scenario prepared by the UK Climate Change Committee, onshore wind capacity across 

the UK needs to increase to 25-30GW by 2050 in order to meet net zero targets – up from 14GW 

currently.   Assuming that Scotland will represent ~80% of this increase, this means that a net increase 

of up to 13GW in Scotland is likely required by 2050 (with a gross increase of more given the need to 

replace existing capability).  The proposed target (of an additional 12GW by 2030) discussed above 

would meet almost all of this.10  

The four scenarios in the UK-wide Future Energy Scenarios prepared by the National Grid cover a range 

of onshore wind capacity of 27GW to ~45GW by 2050 (an increase of 13GW – 31GW).11  The projected 

increase in offshore wind (described below) suggests that an increase at the lower end of the scenario 

range is more likely, in line with the Climate Change Committee estimates.  As a starting point for my 

calculations, I assume that Scotland’s total installed capacity remains constant at ~20.5GW by 2045/50. 

Economic Impact 

The prospectus prepared by RenewableUK included estimates of the economic impact of delivering 

12GW of additional onshore wind capacity in Scotland by 2030.  These estimates were independently 

prepared by BVGA Associates.   

A 12GW increase is estimated to generate an additional (cumulative) £27.8 billion in GVA and 17,000 

FTE jobs by 2030 (a 10 year period).12  On an average annual basis, this is ~£2.8 billion in incremental 

GVA.13  The employment numbers peak in the late 2020s during construction; the jobs exist through the 

operational life of the wind facilities.   

Alternatively expressed, this is £2.3 billion of cumulative GVA per incremental GW; and 1,400 jobs per 

incremental GW.  Over an assumed 10 year period this is an annual GVA contribution of ~£230 million 

per GW.  This is higher than the equivalent (historical) number estimated by FAI, which may capture the 

more intensive phase of construction that is included in the forward-looking estimates.  

This study estimates that the Scottish supply chain provides 43% of the content of new onshore wind 

farms across the UK.  The Scottish Government note that ‘Onshore wind developments typically have 

high levels of UK supply chain content, particularly in civil and electrical works, operations, maintenance 

and servicing’.14  Scotland has developed some of this capability with the installations to date; some 

wind companies e.g. Vestas have established turbine servicing facilities in Scotland.   

 
10 Climate Change Committee, ‘The Sixth Carbon Budget: Electricity generation’, December 2020. 
11 National Grid ESO, ‘Future Energy Scenarios’, July 2021. 
12 The report does not specify, but I assume that this estimate includes induced employment and GVA. Previous work by BVGA 
on onshore wind does include the induced effect. 
13 Note that all of the GVA analysis is assumed to be in nominal rather than real terms (i.e. current prices rather than inflation-
adjusted).  None of the studies considered in this paper explicitly mention an inflation adjustment to translate the estimates into 
constant prices, and so I assume the estimates are made in nominal terms.  
14 renewableUK, ‘The onshore wind industry prospectus’, October 2021 
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A focused assessment in 2019 of the Whitelee onshore wind farm (540MW) identified £790 million in 

incremental Scottish GVA over the 30 year lifetime of the facility (and over £1 billion in incremental GVA 

across the full UK).15  And Scottish employment of 4000 jobs at the peak, and around 600 FTE jobs in 

steady state.  These are lower GVA contribution numbers per GW than those estimated in the 

Renewable UK prospectus. 

In terms of the period beyond 2030, I assume no increase in onshore wind capacity – and so a constant 

contribution to annual GVA and employment. 

Offshore wind 

Forward projections 

Scotland currently has 0.9GW of installed offshore wind capacity, having grown this relatively slowly 

over the past several years.  But looking ahead there is a substantial pipeline of new Scottish offshore 

wind farms.  Offshore wind is expected to become by far the largest element of Scotland’s renewable 

energy portfolio over the next two decades. 

The Strategic Investment Assessment document (published in August 2021) identified 2.5GW of offshore 

wind projects that are in Partial Operation, Under Construction, or Pre-Construction; an additional 

1.9GW that is consented; and 5.3GW that is in Development, Scoping or Submitted.  Against this, there 

are 2.5GW of projects at various stages of development have been cancelled.  This sums to a pipeline of 

7.2GW in addition to the current operational capacity of 0.9GW – for a total expected capacity of 8.1GW 

when these projects come online.16 

The Scottish Government’s ‘Offshore Wind Policy Statement’ (released in October 2020), stated that 

‘We believe that as much as 11 GW of offshore wind capacity is possible in Scottish waters by 2030.’  

This goal was raised from a target of 8GW by 2030 in the consultation draft of this document.17  I take 

11GW as a working assumption for installed offshore wind capacity in 2030. 

And to this pipeline can now be added the ~25GW of projects that were successful in the ScotWind 

leasing round.18  Option agreements for leasing specific areas of seabed have been offered to 17 bidders 

that can support an incremental 24.8GW of offshore wind capacity – a scale 2.5x what had been 

expected.  This includes 14.6GW of floating offshore wind, ~60% of the total.   

These bidders have until April 2022 to accept and to finalise agreements to build these offshore wind 

facilities.  The parties then need to move through the consenting, financing, and planning stages; it will 

take some time before the turbines are installed.  However, it is unlikely that all of this capacity will be 

built: the bidders have bought an option rather than made a commitment, and it may be that the 

economics or technology requirements of some of these projects lead some of the developers to 

 
15 Scottish Power Renewables/BVG Associates, ‘10 years of Whitelee Windfarm: A decade of economic, 
environmental and social benefits’, June 2019. 
16 Scottish Offshore Wind Strategic Investment Assessment: An independent report to the Scottish Offshore Wind Energy Council, 
August 2021 
17 Scottish Government, ‘Offshore Wind Policy Statement’, October 2020. 
18 https://www.crownestatescotland.com/news/scotwind-offshore-wind-leasing-delivers-major-boost-to-scotlands-net-zero-
aspirations  

https://www.crownestatescotland.com/news/scotwind-offshore-wind-leasing-delivers-major-boost-to-scotlands-net-zero-aspirations
https://www.crownestatescotland.com/news/scotwind-offshore-wind-leasing-delivers-major-boost-to-scotlands-net-zero-aspirations
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withdraw prior to construction (in the same way as other planned projects have previously been 

cancelled). 

It is very difficult to be precise about what proportion of these projects might not be progressed.  

Projects amounting to about 25% of the initial pipeline of Scotland’s offshore wind projects have been 

cancelled (2.5GW on a gross total of 9.7GW of projects).  But some of the projects in the ScotWind 

leasing round are more complex (e.g. floating offshore wind), which may increase the cancellation rate. 

There is clearly very substantial levels of uncertainty here, but I use a 40% cancellation rate as a guide.  

This would lead to an additional installed capacity of 15GW from the ScotWind round, still more than 

the initial 10GW that was initially expected from the ScotWind round.  These projects are unlikely to be 

fully installed until some point in the 2030s. 

Adding this incremental 15GW of capacity to the assumed 11GW of installed capacity in 2030, Scottish 

offshore wind capacity could increase to ~26GW by the late 2030s.19  This would make Scotland one of 

the largest offshore wind power countries in the world (and a leader in floating offshore wind). 

Beyond this, there is significant uncertainty about the profile of installed offshore wind capacity.  The UK 

Climate Change Committee’s four exploratory scenarios for emissions to 2050 include offshore wind as 

the backbone of electricity generation across all scenarios.  The scenarios range from 65GW of UK-wide 

offshore wind to 140GW by 2050, with a balanced pathway scenario of 95GW (there was 11GW of UK-

wide offshore wind in 2021).20   

If Scotland accounted for (an assumed) half of this incremental UK-wide capacity, that would be an 

additional 27GW, 42GW, or 65GW of installed capacity in Scotland compared to 2020 levels.  To anchor 

the analysis, I focus on the Balanced Pathway scenario – in which 42GW of offshore wind capacity in 

Scotland is required to get to net zero. 

The Strategic Investment Assessment report presents three different scenarios: an ORE Catapult base 

case for development in Scotland alongside two more aggressive scenarios developed by Crown Estate 

Scotland with Arup. ‘There is little difference between the scenarios to 2030 (9 - 10.7 GW installed) 

while in the period to 2050 Scottish offshore wind is forecast to grow to 31.5, 48 or 63GW depending on 

the scenario selected’.21 

The 2020 Future Energy Scenarios, published by National Grid, construct scenarios of ~70GW to 113GW 

of UK-wide installed offshore wind capacity by 2050.22  Again using an assumption that Scotland would 

account for half of this incremental expansion, this implies offshore wind capacity in Scotland of 

between 30GW and 52GW by 2050.  

These different analyses, using different assumptions, generate a very broad range of possible estimates 

of installed offshore wind capacity in Scotland by 2050 (from ~30GW to ~65GW).  Assuming that 

Scotland is building offshore wind capacity beyond that required to meet the net zero target (e.g. to 

 
19 Note that some of the existing offshore wind pipeline may not proceed, or may be integrated into the ScotWind projects.  For 
current purposes, I have assumed all of the ScotWind projects are additive. 
20 Climate Change Committee, ‘The Sixth Carbon Budget: Electricity generation’, December 2020. 
21 Scottish Offshore Wind Strategic Investment Assessment: An independent report to the Scottish Offshore Wind Energy Council, 
August 2021 
22 National Grid, ‘Future Energy Scenarios’, July 2021.  
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capture economic value from the additional electricity, such as producing green hydrogen), I take a mid-

point analysis of 50GW of installed offshore wind capacity in Scotland by 2050. 

This 50GW estimate is above the balanced pathway scenario in the Climate Change Committee analysis 

(but well below the widespread innovation scenario), just below the top end of the Future Energy 

Scenarios analysis, and just above the middle scenario in the analysis in the Strategic Investment 

Assessment.   

This suggests a pathway of building offshore wind capacity from ~1GW currently to ~11GW by 2030, to 

~26GW by the late-2030s, and then to ~50GW by 2050.    

There is substantial additional capacity for offshore wind in Scotland.   The Offshore Valuation Study 

(prepared in 2010), estimated that Scotland had 206GW of offshore wind, wave and tidal resources: 

almost 40% of the UK total resource (refer Exhibit below).23  Of this, offshore wind was expected to be 

the dominant share (169GW), with floating offshore wind expected to account for 123GW of this.  There 

are significant uncertainties associated with these long-range forecasts, both in terms of the 

development of various technologies as well as the practical availability of Scotland’s offshore resources 

(given competing uses and other constraints), but it is clear that there is very substantial upside 

potential in terms of Scotland’s offshore renewable energy capacity.     

The estimated available energy in Scotland's seas 

 

A more recent study identified 600GW of offshore wind capacity across the UK, which implies ~240GW 

in Scotland.24  It has been estimated that Scottish waters have the potential to generate around 10% of 

Europe's wave power and possess 25% of the potential European offshore wind and tidal resource.  

The increasing role of offshore wind in Scotland is supported by the sharp reductions in offshore wind 

generation costs.  The costs are estimated to be lower than new nuclear generation and are already 

close to being competitive with other fuels like natural gas, particularly given the surge in prices.  The 

2019 CfD auction saw 5.5 GW of new offshore wind capacity priced at around 65% less than projects in 

the 2015 auction. 

 

 

 
23 The Offshore Valuation Group, ‘The Offshore Valuation: A valuation of the UK’s offshore renewable energy resource’, 2010.  
Refer also: https://www.gov.scot/publications/scotlands-marine-atlas-information-national-marine-plan/pages/49/  
24 OWIC/ORE Catapult, ‘Offshore Wind and Hydrogen: Solving the Integration Challenge’, July 2020. 

https://www.gov.scot/publications/scotlands-marine-atlas-information-national-marine-plan/pages/49/
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Economic impact 

▪ Employment 

An assessment of the employment impact of additional investments in offshore wind was contained in 

the Scottish Offshore Wind Strategic Investment Assessment (August 2021); this economic analysis was 

undertaken by ORE Catapult.25  This analysis did not directly address the GVA impact. 

There were a few parts to these calculations.  First, the analysis considered the economic impact of a 

pipeline of an additional 4.8GW of Scottish offshore wind capacity that was either in construction or set 

to be installed in the near term.  Combining the ORE Catapult cost model and BVG Associates local 

content assumptions, they estimated an average of 1,700 direct FTE over the period, and 2,100 indirect 

and induced FTE.  This is an average of 350 direct jobs per GW, and around 800 total jobs per GW, over 

the next several years.  

Second, ORE Catapult then modelled the economic impact coming out of the ScotWind leasing round 

(which was assumed to be an incremental 10GW of capacity).  In terms of the impact on employment, 

total Scottish jobs (direct only) were estimated to peak at 6,000 in 2032/33, when several projects are 

under construction alongside O&M jobs approaching a plateau.  Following the development and 

construction phases, O&M jobs were expected to remain flat at just under 3,000.   

 

Over the period to 2035, this is an average of 400-500 jobs per GW, with a steady state average of 

around 300 jobs per GW.  As a first approximation, based on the near-term estimates described above 

 
25 Scottish Offshore Wind Strategic Investment Assessment: An independent report to the Scottish Offshore Wind Energy Council, 
August 2021. 
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as well as the historical Fraser of Allander Institute estimates, I assume that this supports a similar 

number of indirect and induced jobs – likely in the 700-800 FTE range per GW over a 30 year horizon. 

Third, this study considered the economic impact of a 1GW wind farm deployed in Scotland after 2025.  

This was estimated to generate between 11,000 and 12,000 FTE years in Scotland, about 75% of which 

are in operations and maintenance.  Assuming a 30 year lifespan, and an assumed 80% local content, 

this is about 400 FTE jobs a year for the operational life.  Again, the total number of jobs (including 

indirect and induced) is likely ~800 FTE per GW. 

These estimated relationships between employment and incremental GW deployed provide a basis for 

an estimated employment impact from an offshore wind installed capacity of ~26GW by the late 2030s.  

It implies an average of about 10,400 annual direct FTE jobs over the operational life of the installed 

capacity – or around 20,800 jobs in total once indirect and induced employment effects are also 

considered.  These are approximate numbers, but provide a sense of the order of magnitude. 

The model constructed for this exercise also provides guidance in terms of where the employment 

upside is.  Scotland currently dominates the operations and maintenance functions for onshore and 

offshore wind.  But developing capabilities so that it can build a presence in construction and installation 

(foundations, substations, cable installation) as well as in turbine manufacturing would generate 

substantial employment upside.  

Beyond the mid-2030s, estimates can be made for 2050 based on the scenarios described above.  On an 

assumption that Scotland has 50GW of installed offshore wind capacity by 2050, this will generate 

~40,000 FTE jobs (including indirect and induced jobs).   

▪ Estimated GVA impact 

Two separate studies by ORE Catapult provide perspectives on the GVA impact of offshore wind.  A 2018 

study estimated UK-wide annual incremental GVA of ~£2 billion from 20GW of UK deployment of 

floating offshore wind by 2050 (including the ability to capture value by serving floating offshore wind 

installations in other countries).26  This is about £100 million in annual incremental GVA per installed 

GW.  UK supply chains are more developed than Scotland-only supply chains, so this may over-estimate 

the GVA impact in Scotland – although the state of Scottish supply chains will likely have developed 

since the study was undertaken. 

And a study from 2017 estimated the potential for the economic impact of offshore wind to rise to £2.9 

billion in GVA per GW if local content was raised to 65% (up from an estimated £1.8 billion per GW in 

2016).27  Over an assumed 30 year operational lifetime, this would also be about £100 million in average 

annual GVA. 

There is high uncertainty in estimating the GVA impact from offshore wind because there has not been 

recent economic modelling; and offshore wind is relatively undeveloped in Scotland.28  So the following 

 
26 ORE Catapult/ Crown Estate Scotland, ‘The Macroeconomic Benefits of Floating Offshore Wind in the UK’, September 2018. 
27 ORE Catapult, ‘The Economic Value of Offshore Wind Benefits to the UK of Supporting the Industry’, 2017. 
28 Statements were made after the ScotWind leasing round that there would be investment of £25 billion (£1 billion per GW).  
But it is difficult to use this as a basis for a GVA estimate. 
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estimates are necessarily very approximate.  To partially respond to this uncertainty, I triangulate 

between a few methods of estimation for the GVA impact.   

The first estimate is from the analysis of the economic impact of offshore wind that were described 

above, which was ~£100 million per GW.  This would generate an estimate of ~£1 billion annual GVA on 

installed capacity of 11GW by 2030, rising to ~£2.6 billion annual GVA by the late 2030s, and ~£5 billion 

annual GVA by around 2050. 

The second and third approaches use the onshore wind GVA impact to imply a GVA impact number for 

offshore wind.  If it is assumed that labour productivity (GVA per FTE employed) in offshore and onshore 

wind is the same, annual incremental GVA would be around £5.0 billion by the late 2030s based on the 

assumed employment numbers for offshore wind.  Alternatively, if it were assumed that the relationship 

between incremental GW and GVA is the same between onshore and offshore wind, this would 

generate an estimated £6.0 billion of GVA by the late 2030s.29 

On this basis, it seems reasonable to assume that the annual GVA impact of offshore wind is in the £4-5 

billion range by the late 2030s.  But there is substantial uncertainty around this number.30   

Beyond this time horizon, offshore wind capacity is likely to continue to rise into 2050.  The mid-point 

scenario that seems reasonable is 50GW.  Given the three estimated relationships that were developed 

above, 50GW of installed capacity would generate annual GVA of £5.0, £6.6, or £11.5 billion.  I take an 

estimate in the middle of this range of an £8 billion GVA contribution from 50GW of installed offshore 

wind by 2050. 

Hydro/pumped storage 

Scotland has total installed hydro-electric generation capacity of 1.5GW, which provides 85% of the UK’s 

hydro capacity.  There is currently 4GW of pumped hydro storage, all built when the infrastructure was 

state-owned. 

New hydro capacity has not been built in Scotland for some time.  The removal of the feed in tariff 

scheme in 2019 removed the incentive to build new large scale hydro facilities.  And hydro or pumped 

storage is not currently covered in the CfD scheme.   

There are some current projects to build pumped storage hydro.  This storage capacity is increasingly 

important with the growing emphasis on renewables that have higher volatility.  Additional pumped 

storage capacity would add resilience to the overall system, saving additional investment in the grid.  

However, changes are needed to the regulatory system; notably, revenue stabilisation to ensure that 

there are the appropriate commercial incentives for long-term investment.  This could be achieved 

through an allocation in the CfD process.31 

 
29 An alternative approach is to use the historical relationship between incremental GW and incremental GVA from the FAI 
estimates: ~£500 million of GVA per GW.  Applying this to 50GW of installed offshore wind capacity implies £25 billion of annual 
GVA.  This is very likely a significant overstatement, because offshore wind activity in 2019 had a high capex component.  Note 
the caveats that FAI placed on the use of these technology-specific estimates. 
30 In addition to these GVA estimates, ~£700m will be paid by the successful applicants and passed to the Scottish Government.  
Much of this money would not otherwise be spent in Scotland. 
31 Riverswan Energy Advisory, ‘Filling the flexibility gap: Realising the benefits of long duration electricity storage’, report 
prepared for Scottish Renewables, March 2021 
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SSE Renewables has proposed a pumped storage scheme at Coire Glas that would expand the consented 

600MW up to 1500MW with a proposed investment of up to £1.5 billion, 70% of which is estimated 

could be spent directly in the Scottish Highlands.32  And Drax is planning a two-fold expansion of the 

440MW Cruachan pumped storage hydro power station that will include an investment of around £400 

million and support 800 jobs (during the development phase).33 

Applying an approximate multiplier (from the Fraser of Allander Institute analysis), this may lead to 

incremental cumulative GVA of ~£1 billion over the development phase (assume 10 years) – and 

perhaps 2400 jobs. 

Beyond this time horizon, it is difficult to develop a perspective on the economic contribution of these 

activities.  Much depends on progress in terms of setting the incentives in a supportive manner to 

encourage investment.  As a working assumption, I assume no further increases in capacity. 

Wave and tidal stream 

Tidal stream and wave energy are emerging technologies in which Scotland has a leading position in 

deployment of capacity as well as in innovation.  There is currently 22MW of installed tidal capacity in 

Scotland; estimated to be 50% of the world’s installed tidal stream capacity.  It is supported by leading 

research centres and an ecosystem of suppliers, infrastructure, and expertise.  Around 1GW of 

additional sites have been identified by Crown Estate Scotland. 

A recent academic estimate of available UK tidal stream ‘broadly supports the latest national-scale 

practical resource estimate, of 34 TWh/year, equivalent to 11% of the UK's current annual electricity 

demand. The size of the practical resource depends in part on the economic competitiveness of 

projects’.34  The study notes that 124 MW of prospective tidal stream capacity is currently eligible to bid 

for subsidy support, which they estimate could (through learning by doing) drive down the costs 

significantly (from around £240/MWh to £150/MWh), making it competitive with combined cycle gas 

turbines and biomass – although still much more expensive than other renewables (the costs of UK 

offshore wind is projected by BEIS to fall to below £50MWh over this decade). 

These relative costs have made tidal energy uncompetitive in securing CfD funding, which has slowed 

installation.  However, a £20 million CfD pot was allocated for tidal energy in November 2021 that will 

support the scaling-up process.35 

The predictability of tidal energy makes it very useful for base load – and a good supplement to other 

renewables that have higher intermittency.  This allows for savings in terms of investment in grid 

strengthening.  It is also particularly attractive in remote areas, where other forms of energy are often 

more expensive with higher emissions. 36 Tidal energy can also be integrated with green hydrogen 

production in these locations.37  

 
32 https://www.coireglas.com/project 
33 https://www.drax.com/power-generation/a-brief-history-of-scottish-hydropower/ 
34 David Coles et al. ‘A review of the UK and British Channel Islands practical tidal stream energy resource’, preprint submitted to 
Royal Society Proceedings, September 23, 2021 
35 https://www.gov.uk/government/news/uk-government-announces-huge-investment-into-scottish-tidal-power  
36 https://www.ft.com/content/1c234ec7-2896-467c-b565-1cb678cc6085  
37 https://www.emec.org.uk/press-release-orbital-o2-exports-clean-power-at-emec/  

https://www.gov.uk/government/news/uk-government-announces-huge-investment-into-scottish-tidal-power
https://www.ft.com/content/1c234ec7-2896-467c-b565-1cb678cc6085
https://www.emec.org.uk/press-release-orbital-o2-exports-clean-power-at-emec/
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In terms of the economic impact, the top-line UK-wide estimate from industry is that ‘the tidal stream 

industry could generate a net cumulative benefit to the UK by 2030 of £1,400m, consisting of £1,600m 

GVA from the domestic market and £1,100m GVA from exports, offset by £1,300m of revenue support.38  

This would also support a total of almost 4,000 jobs by 2030 and 14,500 by 2040.’  These estimates 

assume UK deployment of 100MW per year from 2021/22, and a realistic share of a growing global 

market, which has not yet happened – so these estimates will be lagging’.  This would result in about 

1GW of tidal by 2030, and 1GW of wave energy by 2040. 

Wave energy is a less mature technology, so the estimated benefits are slower to accrue.  The top-line 

estimate is that ‘wave energy will also add a net positive contribution to the UK economy, worth a net 

cumulative benefit to the UK by 2040 of £4,000m, consisting of £1,500m GVA from the domestic market 

and £3,700m GVA from exports, offset by £1,200m of revenue support. This would also support a total 

of 8,100 jobs by 2040’. 

A Scotland-specific breakdown is not provided, but an 80% share seems a reasonable figure for tidal and 

wave energy.  For tidal, this would be about £1.1 billion of cumulative GVA by 2030 (about £110 

million/year); and for wave, about £3.2 billion of cumulative GVA by 2040 (about £160 million/year).  In 

terms of employment, tidal would generate about 3,200 jobs by 2030 and 11,600 by 2040; and for wave 

about 6,500 jobs by 2040.  

These estimates feel optimistic given the differentials in cost structures with other renewables, but 

there will clearly be a market in some parts of Scotland for this type of renewable energy that are 

otherwise hard to serve.  And there are broader distributional benefits.  50-60% of the economic benefit 

in terms of both GVA and jobs is expected to be generated in coastal areas, many with a need for 

economic development, providing additional value over and above what has been quantified. 

There is also significant value in exports of technology, IP, advisory services, and so on.  Scotland has 

invested heavily in supporting the development of these technologies, and is on the technology frontier.  

Already there are examples of Scottish firms installing turbines in other countries, and providing 

advisory services.  Despite the generally higher cost structures, there will be markets in which tidal 

offers a compelling proposition – because of the absence of a grid network or the absence of renewable 

alternatives.  Countries like Indonesia, the Philippines, and Bangladesh have been mentioned – and 

Scottish firms have already installed a tidal turbine in Japan. 

There are not many other areas in which Scotland has this sort of leading edge in a promising 

technology.  In other areas of renewables, even in offshore wind, Scotland only has a presence in 

aspects of the value chain.  Tidal (and potentially wave) energy offers broader potential benefits.  

Overall, the economic value to Scotland seems to come importantly from its export contribution in 

addition to contributing to electricity generation in Scotland.  

Solar 

Scotland currently has 380MW of installed solar capacity, 3% of the UK’s total installed solar capacity 

(and less than countries at a similar latitude such as Northern Ireland and Denmark).  Solar energy has 

 
38 Offshore Renewable Energy Catapult, ‘Tidal stream and wave energy cost reduction and industrial benefit’, May 2018. 
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very rapidly reduced in cost over the past decade, which also improves the economics of the case for 

investment.  Indeed, it is now competitive with other renewables on a non-subsidised basis. 

The UK Climate Change Committee estimates that 40GW of solar energy capacity will be required by 

2030 for the full UK.  And their four scenarios to 2050 estimate installed capacity of 80-90GW of solar 

energy.39  The Future Energy Scenarios forecast that declining costs of solar energy, together with better 

storage and the ability to couple solar energy with green hydrogen production, could lead to substantial 

increases in the period to 2050.  From around 15GW currently, their four scenarios range from 35GW to 

90GW in 2050.   

There is no official target for Scotland as there is for onshore and offshore wind.  But the industry body 

has called for a minimum target of 4GW of installed capacity by 2030 and an ambition of 6GW (~10-15% 

of UK-wide capacity in 2030).40  This 6GW ambition would be a combination of solar panels on domestic 

rooftops (1.5GW), commercial rooftops (1GW), and solar farms (3.5GW).  Note that SSE are building 

integrated facilities that combine solar, wind, and hydrogen.41  By 2050, installed capacity of 8GW seems 

a reasonable working assumption. 

Solar Energy Scotland estimate that a minimum of 4GW by 2030 could support at least 3,000 direct jobs, 

with the potential for many more throughout the supply chain.  Using the Fraser of Allander estimates, 

this implies a total employment impact (including indirect and induced jobs) of 5,350 jobs. 

There are no formal estimates of the GVA impact.  But as a first approximation, using the relationship 

estimated by the Fraser of Allander Institute, solar energy could generate up to £600 million in annual 

GVA.  Alternatively, assuming similar labour productivity as in the onshore wind sector, would lead to an 

estimate of ~£500 million in annual incremental GVA.  By 2050, if 8GW is installed, this would imply ~£1 

billion in annual GVA and ~11,000 FTE jobs. 

Solar energy can make a meaningful contribution to decarbonising home heating and energy, and also 

extends capacity without placing additional pressure on the grid (because distribution and storage 

occurs locally).  The industry identifies a range of planning and consenting policies that would be 

important to create a market for solar installations in residential and commercial buildings. 

Overall assessment 

Renewable energy will become a more significant part of the Scottish economy over the next few 

decades.  Adding together the current pipeline data and various estimates suggests that Scotland could 

move from an installed base of around 12GW today, to ~36GW by 2030, to ~54GW by the late-2030s – 

an increase of 4.5x.  Beyond this to 2050, an installed capacity of ~83GW in Scotland is possible on the 

basis of various scenarios that have been developed.   

 
39 Climate Change Committee, ‘The Sixth Carbon Budget: Electricity generation’, December 2020. 
40 Solar Energy Scotland, ‘Scotland’s fair share Solar’s role in achieving net zero in Scotland’,  2021; 
https://solarenergyuk.org/resource/scotlands-fair-share-solars-role-in-achieving-net-zero-in-scotland/  
41 
https://www.solarpowerportal.co.uk/news/scottishpower_to_build_40mw_of_solar_to_help_fuel_green_hydrogen_for_scotla  

https://solarenergyuk.org/resource/scotlands-fair-share-solars-role-in-achieving-net-zero-in-scotland/
https://www.solarpowerportal.co.uk/news/scottishpower_to_build_40mw_of_solar_to_help_fuel_green_hydrogen_for_scotla
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Substantial growth in renewable energy is expected in Scotland, led by 
offshore and onshore wind

Source: Landfall Strategy Group calculations.
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This increase in installed capacity will be very largely due to the increases in the wind portfolio.  Smaller 

increases in tidal/wave, solar, and hydro are expected.  The trajectory over the next decade is more 

aggressive than the Scottish Government’s target for 11-16GW of additional (net) renewable capacity in 

Scotland through to 2032, as described in the Scottish Government’s recent Climate Change Plan 

Update.42  However, I note that adding the proposed increases in onshore and offshore wind by 2030, 

12GW and 11GW respectively in the policy statements, leads to a higher number. 

Beyond this, there will be further increases as increased domestic and external demand for renewable 

electricity combines with technology/commercial improvements and Scotland’s enormous potential for 

renewables generation.  Scotland has very substantial renewable resources, notably offshore wind 

(>200 GW), well in excess of what is proposed at the moment. 

This analysis does not formally include the loss of capacity as existing capacity comes to the end of its 

operational life.  The Climate Change Committee note that ‘An additional 2 GW/year might be needed in 

the 2030s and 2040s to repower the existing fleet at the end of its lifetime’.43 

Economic impact 

This discussion provides an overall summary of the various elements of analysis discussed above. This 

‘adding up’ exercise is complicated by the different methodologies, assumptions, and timelines used in 

the different studies.  But it is possible to provide an order of magnitude estimate of the economic 

impact.   

 
42 Scottish Government, ‘Update to the Climate Change Plan 2018 – 2032: Securing a Green Recovery on a Path to Net Zero’, 
2020. 
43 Climate Change Committee, ‘The Sixth Carbon Budget: Electricity generation’, December 2020. 
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In the current state, total employment stands at 22,660 (0.8% of total employment in Scotland); and the 

GVA contribution is £2.3 billion, or 1.6% of total Scottish GVA.   

By the late 2030s, this will have grown substantially.  Adding up the technology-specific estimates made 

above generates an annual GVA contribution of ~£10.5 billion – or ~3.5% of Scotland’s annual GVA in 

2040.44  There are significant bands of uncertainty – and several of the specific estimates come with 

large ranges around them – but this is a useful midpoint estimate.  Of this GVA contribution, about half 

comes from offshore wind and about a third from onshore wind.   

By 2050, the annual GVA contribution should have grown to ~£14.5 billion.  This is ~3.4% of Scotland’s 

annual GVA (the GVA contribution grows at the same rate as the assumed overall GVA growth rate 

through the 2040s). 

In terms of employment, the estimates suggest an additional ~53,000 jobs – moving from 22,700 to 

75,800 jobs by the late-2030s.  Assuming no change in the size of the labour force over this period, this 

would amount to 3.3% of total employment.  And by 2050, the employment contribution is estimated to 

be 110,000 FTE jobs – about 4.0% of total employment. 

These are clearly not exact estimates – there is too much uncertainty to do this with confidence – but 

they provide a sense of the approximate materiality of the economic impact of renewable energy.  It is 

also important to note that these are ‘gross rather than net’ estimates of the economic impact.  They do 

not include the offsetting effect on GVA of other sectors contracting as they release resources into the 

renewable energy sector. 

These estimates are also sensitive to assumptions on the extent of local content.  Greater depth in local 

supply chains beyond operations and maintenance activities adds to higher GVA estimates, and vice 

versa.  Many of the studies used in this analysis assume a strengthening of local content into areas such 

as manufacturing.  The implication is that capturing the estimated economic value will require material 

strengthening of local capabilities.  

Benchmarking against the oil and gas sector 

Another way to calibrate the materiality of these economic estimates is to compare them against the oil 

and gas sector.  It is sometimes said that the North Sea offshore wind sector provides an opportunity for 

Scotland to capture the benefits seen after the discovery of the oil and gas reserves from the 

1970s/1980s.  However, the estimated economic value associated with generating renewable electricity 

– even with the moderately aggressive assumptions made above – will not be a full replacement for the 

economic contribution of the oil and gas sector.  

This oil and gas sector remains a key economic engine in Scotland despite its structural decline.  Oil and 

Gas UK estimate that the sector creates a total of 71,500 jobs across Scotland, both directly and across 

the supply chain.  This is estimated to generate £19.4bn in GVA for Scotland, which is equivalent to 

 
44 As noted above, this analysis is on nominal terms (as all of the underlying studies were also conducted on nominal terms).  To 
project Scotland’s GVA into the future, I use the historical 20 year average of Scotland’s annual GVA growth (~3.5%).  The 
possibility of higher inflation rates may lead to higher nominal GVA growth and beyond, but this potential for higher inflation 
was not incorporated into the economic projects of the various studies used – so I think it is still reasonable to use the historical 
GVA growth rate as a starting point.  



    

The Economic Opportunity for Scotland from Renewable Energy & Green Technology 26 

around 12% of total Scottish GDP.45  In 2020, the extraction of oil and gas alone as worth an estimated 

£8.8 billion in GVA to the Scottish economy, representing just under 5% of total Scottish GDP.46 

Of course, the oil and gas sector is in long-term structural decline.  The renewable energy sector will 

eventually overtake it in terms of GVA and employment contribution, providing a valuable offset to this 

decline.  But this will likely take until the 2030s.  In the meantime, the economic contribution from 

renewable energy production will be smaller than from the oil and gas sector. 

Renewables are not as lucrative to producers as oil and gas has been.  Oil and gas prices are set on a 

global basis.  And OPEC has played an important role in keeping prices high – offset in recent years by 

the growing presence of US shale producers.  The marginal cost of production is reasonably low, 

generating significant profit margins.  In contrast, electricity is largely sold into a regulated domestic 

market – with relatively thin margins (the CfD scheme is aggressive in terms of keeping prices low).  This 

reduces the potential for high profits and export income.   

Scotland will need to work hard to ensure that the maximum amount of economic value is captured 

from the deployment of renewable energy – so that it leads to an economic transformation for Scotland 

as well as transitioning Scotland to net zero.  The next Chapters will describe additional economic 

opportunities (such as the production of green hydrogen) from renewable electricity, and the types of 

policies and other actions that are needed to capture this value.   

 
45 https://www.buchanobserver.co.uk/business/oil-and-gas-sector-supports-over-64000-jobs-in-north-east-scotland-3366600  
46 https://www.gov.scot/policies/oil-and-gas/  

https://www.buchanobserver.co.uk/business/oil-and-gas-sector-supports-over-64000-jobs-in-north-east-scotland-3366600
https://www.gov.scot/policies/oil-and-gas/
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2. THE HYDROGEN OPPORTUNITY 

Introduction 

The various estimates of Scottish renewable electricity output by 2050 – particularly from offshore wind 

– are significantly in excess of its domestic demand, even in the context of ambitious plans for 

electrification of the economy. 

Scottish electricity demand is forecast to broadly double by 2050, reaching 55-65 TWh under various 

scenarios from the Climate Change Commission.  Renewable electricity accounted for 32 TWh in 

Scotland in 2020.  As a first approximation, a ~7x increase in installed capacity by 2045 (from 12GW to 

~83GW) would generate about 225 TWh.  This is 3-4x as much as projected energy demand in 2050.47  

This ‘excess supply’ means that there is a need to consider alternative sources of demand that will 

unlock additional economic value from renewable energy.  The most meaningful alternative is to use 

this renewable energy to produce green hydrogen, which will create substantial amounts of economic 

value – as well as providing support in decarbonising the Scottish economy.   

The Future Energy Scenarios note that ‘The supply and use of hydrogen is central to all of our net zero 

scenarios and has a key role to play in helping the UK achieve net zero by 2050. It can be stored over 

long periods and can provide the low carbon, high-intensity heat needed for some applications’.48  The 

Climate Change Committee also see hydrogen playing an increasingly important role in the net zero 

transition. 

An alternative (not considered in detail here) is the direct export of the surplus electricity to other 

European countries for direct use or for conversion into green hydrogen in these markets.  This is a 

useful option to have, but deliberately producing renewable energy for export is unlikely to have the 

same value adding properties as for the domestic production of hydrogen: producing electricity directly 

for export is essentially exporting a non-value adding commodity at regulated prices.  Note also the cost 

of building international interconnectors from Scotland – or the required grid investments in the UK – is 

likely to mean that exporting green hydrogen is a better way to extract value from renewable energy. 

Background 

Hydrogen is a new, but rapidly growing part of the global response to reducing emissions.  There is 

broad consensus that hydrogen will play a critical role in decarbonisation.  A recent IRENA report notes 

that ‘Hydrogen, until now the missing piece of the clean energy puzzle, is likely to further disrupt energy 

value chains in coming years ... IRENA’s 1.5°C scenario envisages that clean hydrogen could meet up to 

12% of final energy consumption by 2050.’49 

There are several ways in which hydrogen can be manufactured: green hydrogen is made directly from 

renewable energy sources, with no emissions.  Blue hydrogen is made from natural gas, with almost all 

 
47 The Climate Change Committee estimate UK-wide electricity demand in 2050 of 550-680 TWh across various scenarios, but 
this is significantly below potential renewable UK-wide electricity supply in 2020 as well. 
48 National Grid, ‘Future Energy Scenarios’, July 2021. 
49 IRENA, ‘Geopolitics of the Energy Transformation: The Hydrogen Factor’, January 2022. 
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of the resulting emissions removed through CCS.  Grey hydrogen is emissions intensive, produced from 

natural gas with no CCS. 

Hydrogen is an important way in which to decarbonise the industrial and transport systems; in many 

industrial applications, electricity is not viable as an energy source.  There is debate about how 

widespread hydrogen use will be.50  For example, opinions vary on its usefulness in terms of home 

heating, small vehicle transport, and so on – where electric solutions may be better.  But there are some 

areas where hydrogen is clearly going to be useful, such as refineries, steel, high heat industrial 

processes, long haul trucking, seasonal storage, and ferries.  The Future Energy Scenarios provide some 

indicative analysis as to how hydrogen demand varies across different scenarios. 

It is clear that demand for hydrogen will grow.  The Committee on Climate Change projects that demand 

for hydrogen across the UK is expected to increase significantly, from 27 TWh in 2017 to around 270 

TWh by 2050 in its net zero pathway. 

Many other countries are aggressively moving in the hydrogen space.  The European Union published its 

hydrogen strategy in 2020 with an objective to install at least 6GW of renewable hydrogen electrolysers 

producing up to 1 million tonnes of green hydrogen in the EU by 2024 and 40GW producing up to 10 

million tonnes of green hydrogen by 2030.51  In 2020, Germany committed €9bn to their hydrogen 

strategy and France committed €7bn.  The UK Government have set a target of 5GW of low-carbon 

hydrogen by 2030.  The ambitious Dutch actions to build a hydrogen economy are discussed in Chapter 

5. 

And the costs of green hydrogen are expected to drop rapidly.  Green hydrogen is expected to be 

cheaper than blue hydrogen by 2030.  This will be driven by better technologies but also by scale 

economies.  As with solar panels, low cost production of electrolysers that are exported from China will 

be a key driver of this reduction in price.52  Recent analysis suggests that Chinese electrolysers are now 

up to 4x cheaper than their Western-made equivalents – although this gap is expected to close.53  The 

pace of these advances in cost reductions means that blue hydrogen will require financial support to 

remain commercially viable over time.    

Scotland’s current state 

There are some small scale electrolysis facilities already in Scotland, co-located with renewable energy 

production.  For example, there are use cases in remote Scottish contexts where the alternatives to 

reducing emissions are much more expensive – such as remote distilleries where upgrading electricity 

distribution is too costly. 

There are current plans to expand hydrogen capacity, co-locating hydrogen manufacture in energy 

parks.  For example, the ‘Green Hydrogen for Glasgow’ project, involving Scottish Power, ITM Power and 

BOC, at Whitelee onshore windfarm will be the UK’s largest electrolyser, at 20MW, producing up to 8 

 
50 https://www.linkedin.com/pulse/clean-hydrogen-ladder-v40-michael-liebreich/  
51 European Commission, A hydrogen strategy for a climate-neutral Europe, 2020. 
52 https://about.bnef.com/blog/hydrogen-10-predictions-for-2022/;   
53 https://www.rechargenews.com/energy-transition/will-us-and-european-green-hydrogen-markets-soon-be-flooded-by-
cheap-chinese-electrolysers-/2-1-1165966    

https://www.linkedin.com/pulse/clean-hydrogen-ladder-v40-michael-liebreich/
https://about.bnef.com/blog/hydrogen-10-predictions-for-2022/
https://www.rechargenews.com/energy-transition/will-us-and-european-green-hydrogen-markets-soon-be-flooded-by-cheap-chinese-electrolysers-/2-1-1165966
https://www.rechargenews.com/energy-transition/will-us-and-european-green-hydrogen-markets-soon-be-flooded-by-cheap-chinese-electrolysers-/2-1-1165966
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tonnes of green hydrogen a day.  This is being produced to meet local hydrogen demand around 

Glasgow. 

There is also activity at the Grangemouth industrial cluster, which is already a producer and consumer of 

blue hydrogen.  However, these are localised examples and there are not yet plans for large scale 

deployment of hydrogen capability. 

The Scottish Government’s recent hydrogen policy statement set a goal of 5GW of installed production 

capacity of hydrogen by 2030 and 25GW by 2045.54  This plan includes both renewable and low-carbon 

(i.e. blue) hydrogen.  This policy statement notes that 5GW provides approximately 27.5 TWh of energy, 

which is about 15% of Scotland’s current total annual energy demand of 161 TWh. 

The policy statement proposes a pathway to 2045.  In the 2020s, the focus is on demonstration, 

accelerating market demand and getting the policy framework right.  In the 2030s, the focus is on 

scaling up and bringing down costs, developing the value chain for renewable and low-carbon hydrogen 

an export industry for hydrogen and its derivatives.  And by 2045, the aim is to enable the production of 

lowest cost green hydrogen for domestic use and for export, and the development of infrastructure to 

access export markets. 

A related hydrogen action plan was released in November 2021 that specifies the various actions and 

initiatives that will be undertaken.55  There is much that needs to be done for Scotland to develop a 

leading position in what will be a deeply competitive space. 

Looking forward 

The Scottish Government released a Hydrogen Assessment in December 2020, based on commissioned 

work from Arup.56  This provides a forecast of what is possible in terms of hydrogen demand and 

production.  Given the absence of a binding supply-side constraint in terms of renewable energy for 

Scottish hydrogen production, the key issue is how demand for Scottish hydrogen evolves (its cost 

compared to other energy sources, the pace of decarbonisation, and so on) and the extent to which 

policy supports the development of a competitive hydrogen sector. 

Because of the range of uncertainty (technology, commercial, policy, and so on), the Assessment is 

structured around three scenarios.  The aggressive decisions around ScotWind mean that I focus on the 

two more ambitious scenarios.  In the ‘Green export’ scenario, Scotland uses its renewable resources to 

become a centre for hydrogen production in Europe, exporting hydrogen across the rest of Europe and 

beyond.  In the ‘Hydrogen economy’ scenario, ‘Hydrogen is one of the main ways in which Scotland’s 

energy system is decarbonised. A balanced mix of blue and green hydrogen is extensively across all 

sectors’. 

The Hydrogen Assessment estimates that by 2025, with the right market conditions, 100s of MWs of 

installed capacity could be possible across multiple projects in Scotland – although hydrogen will only be 

 
54 Scottish Government, Hydrogen Policy Statement, December 2020. 
55 Scottish Government, Draft Hydrogen Action Plan, November 2021. 
56 Scottish Government, Scottish Hydrogen Assessment, December 2020.  Note also the supporting Appendices that provide 
further detail on the economic modelling. 
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a limited part of the energy economy in all scenarios in 2025.  By 2032, Scotland could credibly aim for 

5GW of installed capacity.   

The Scottish Hydrogen Assessment estimates that in the green export scenario Scotland could use 

37GW of renewable generation to produce 126TWh of renewable hydrogen by 2045, of which 94 TWh 

are produced to supply export demand (assumed to be largely in Northern Europe).  And even in the 

hydrogen economy scenario, Scotland could use 20GW of energy (15GW of offshore wind) to produce 

85TWh of hydrogen by 2045 of which 20TWh would be exported to the rUK. 

In these more ambitious scenarios, the primary or exclusive focus is on green hydrogen.  This is because 

of the scale of the offshore wind resource, and the declining cost structure of green hydrogen – which is 

assumed to be cost competitive with blue hydrogen by the early 2030s.  Blue hydrogen is expected to be 

only for domestic use: the export market (ex-rUK) is for green hydrogen only. 

The scale – and upside – of green hydrogen demand is therefore greater than for blue hydrogen.  Blue 

hydrogen production will be matched to meet domestic demand.  And domestic demand will be 

constrained after green hydrogen cost reductions mean the price of green drops below the price of 

blue.  The most ambitious scenarios in this assessment assume that Scotland could credibly reach an 

installed capacity for blue hydrogen production of 200MW by 2025, 2GW by 2032 and 5GW by 2045. 

Much of the natural gas for this will need to be imported, which exposes the cost structure of blue 

hydrogen to external shocks in gas prices.  It also assumes a build out of at-scale CCS facilities in 

Scotland.   

Other estimates of Scottish hydrogen supply from offshore wind have been prepared by an independent 

consultant (in work commissioned by the Scottish Government, Scottish Government agencies, and 

industry stakeholders).57  These estimates build on the Scottish Hydrogen Assessment, and present 

three different scenarios to 2045.  A considerable excess of green hydrogen is produced in all three 

scenarios, as shown in the Exhibit below. 

▪ Ambitious: Full transition towards a hydrogen economy in Scotland, based on 60GW of installed 

offshore wind capacity dedicated to hydrogen production.  

▪ Planned Development: Wide-ranging hydrogen technology deployment and use across various 

sectors. This would be produced from 30GW of installed offshore wind capacity. 

▪ Business as Usual: Conservative scenario with modest hydrogen use and extensive electrification 

across all sectors, involving 27GW of offshore wind capacity.  

 
57 Scottish Government, ‘Scottish Offshore Wind to Green Hydrogen Opportunity Assessment’, report prepared by Xodus, 
December 2020. 
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Even with increasing domestic hydrogen demand, Scotland is expected 
to be in a position to export significant green hydrogen

Source: Scottish Hydrogen Assessment, 2020.

Hydrogen demand v potential supply, TWh, 2025, 2032, 2045

 

The ambitious scenario in this study produces 202 TWh, markedly more aggressive than the estimates 

prepared by Arup in the Scottish Hydrogen Assessment analysis (126 TWh); it assumes 60GW rather 

than 37GW of renewable energy capacity.  The planned development strategy, which assumes 30GW of 

deployed offshore wind capacity by 2045 to produce hydrogen already looks a bit light given the 

ScotWind leasing round (and the estimates in Chapter 1 of 50GW of installed offshore wind capacity by 

2050).  The ambitious strategy looks more likely to the extent that this capacity is installed.  This would 

support substantial exports to the rUK and to Europe, as shown below. 
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Even with increasing domestic hydrogen demand, Scotland is expected 
to be in a position to export significant green hydrogen

Source: Scottish Hydrogen Assessment, 2020.

Hydrogen demand v potential supply, TWh, 2025, 2032, 2045

 

Economic impact 

The Scottish Hydrogen Assessment provides an economic impact assessment of its three scenarios.  The 

estimates of the ‘green export’ scenario report £25 billion in annual GVA by 2045, and 310,000 jobs.  By 

2032, £6.1 billion in GVA and 81,000 jobs are estimated.  The substantial part of the increase in 

economic value occurs from the 2030s.  By 2045, these estimated gains amount to approximately 6.7% 

of annual GVA and 11.5% of total employment in Scotland.   

In the ‘hydrogen economy’ scenario, the GVA estimate is £16.2 billion in 2045, up from £5.3 billion in 

2032 – and 177,000 and 64,000 jobs (in 2045 and 2032 respectively).   

Note that the assumptions on installed offshore wind capacity in the Scottish Hydrogen Assessment may 

be conservative: it assumes 37GW of dedicated installed capacity, whereas the ambitious scenarios 

described above suggest the potential of 60GW of dedicated offshore wind capacity to produce green 

hydrogen. 
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The two more aggressive scenarios are estimated to generate 
substantial economic value over the next few decades

Source: Scottish Hydrogen Assessment, 2020.

Projected GVA, employment impact, 2025, 2032, 2045

 

To calibrate these estimates, I compare them against a separate UK-wide study that looked at the 

economic value from combining offshore wind and green hydrogen production.  This study estimated 

that 50GW of hydrogen production from offshore wind by 2050 would be associated with £23 billion in 

incremental GVA (about £500m of GVA per GW).  In addition, this study estimates exports of green 

hydrogen to Europe of £48 billion annually by 2050 that could be supplied through an incremental 

240GW of offshore wind (well within Scotland’s available offshore wind resource).   

These estimates are broadly consistent with the Scottish Hydrogen Assessment, in which 37GW 

producing 25 billion in incremental GVA by 2045 (about £675m of GVA per GW).  Again, the time profile 

suggests an economic impact that ramps up from the mid-late 2030s.   

In any case, these studies of the hydrogen economy estimate substantial GVA and employment 

numbers, markedly larger than the estimates contained in Chapter 1.  Many of these additional 

economic benefits come from the hydrogen supply chain, such as building and maintaining electrolysers.   

Indeed, the UK-wide study suggested that about ~80% of the estimated GVA impact from producing 

hydrogen to meet UK-wide demand for hydrogen by 2050 comes from electrolyser exports (in their high 

scenario, about 40% in their (less likely) low scenario).  This study claims to identify major UK strengths 

around electrolyser supply chains.   However, as noted above, there will be intense competition from 

China and elsewhere in terms of electrolyser manufacture, which will constrain the ability of Scotland to 

capture value in this area.  Some caution should be exercised in using these estimates, which are likely 

to be optimistic.  

Additional economic value may come from other original equipment and supply chain opportunities in 

both the supply and demand areas.  And there are opportunities for further inward investment to create 

jobs. 
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To capture this potential value from domestic production and supply chain, significant investments will 

need to be made.  And demand stimulation is also required – helping to decarbonise industry, transport, 

and so on – as well as supporting the development of international markets through connecting 

infrastructure. 

These estimates of economic value from hydrogen are not fully additive to the economic estimates from 

offshore wind in Chapter 1.  These economic estimates in the Scottish Hydrogen Assessment include 

some amount of economic value for the offshore wind installations and maintenance that are needed 

for hydrogen production.  

To provide an approximate estimate, I reduce the economic value estimated from the 50GW of offshore 

wind capacity (in Chapter 1) by the 37GW of offshore wind capacity that is assumed in the green 

hydrogen scenario.  This leads to annual GVA (in 2050) from renewable energy of £8.6 billion, to which 

we can add the green hydrogen scenario estimates described above (£25 billion) to get to ~£34 billion in 

additional annual GVA by 2050.  A similar approach for employment leads to an estimated total of 

385,000 jobs by 2045 across renewable energy and green hydrogen.  This estimated economic value is 

equivalent to ~8% of Scottish GVA and ~14% of employment. 

Green hydrogen could also make a substantial export revenue contribution.  A UK-wide study estimated 

£48 billion of exports of green hydrogen (from 50GW of installed offshore wind capacity).  Scotland’s 

total annual exports of goods and services (including to the rUK) immediately before Covid were about 

£90 billion (~50% of GDP) – so an export contribution of even half of this magnitude would make a 

material difference to Scottish exports as well as to Scotland’s trade balance (offset by the substantial 

amount of imported capital that would be required). 

CCS 

CCS is also a potential source of economic value.  For Scotland, CCS offers the opportunity to leverage 

existing oil and gas infrastructure – and related skills and capabilities – to aggressively decarbonise 

industrial activity through blue hydrogen.  There are currently no at-scale CCS facilities in Scotland.  And 

it is an early-stage technology, with significant uncertainty around the world in terms of effectiveness, 

cost structures, and the best approaches. 

A Scottish Cluster project (Acorn) has been developed to collect stored carbon along a pipeline from 

Grangemouth and store it in the North Sea.  This project would support direct air capture, blue 

hydrogen production, as well as capturing existing emissions.  Of this, the blue hydrogen operations are 

estimated to be the most labour rich.  The initial aims were to store 25m tonnes by 2025, and 500m 

tonnes by 2050 (cumulatively). 

The numbers provided by Acorn indicated that it would support 15,000 jobs on average in the period to 

2050 during construction as well as operations.  The capital costs and the extent of required 

government support are unclear. 

A 2019 study by researchers at Strathclyde University estimated that ‘by 2030 anywhere between 7,000 

and 45,000 UK jobs could ultimately be associated with Scotland securing 40% of the carbon storage 

element of a European CO2 management market. By 2050 this could rise to between 22,000 and 
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105,000 jobs, and more as the industry extends to low carbon fuel supply’.58  But this analysis assumes 

that green hydrogen is not a commercial option in Scotland over this period.  The changing economics of 

green hydrogen, and the emerging hydrogen strategies in Europe, suggest that the potential of CCS may 

be significantly more limited than assumed in this study. 

The Acorn project has not been selected for funding in 2021 by the UK Government; two English CCS 

projects were selected instead.  This decision has compromised the opportunity to build distinctive CCS 

capabilities in Scotland.  

Blue hydrogen is also seen as a transition energy source, with green hydrogen becoming cheaper over 

time.  A decision to pursue a green hydrogen path weakens the economic case for at-scale CCS, although 

plant-specific CCS projects are likely to be built.  For example, Ineos is tendering for the design of a blue 

hydrogen plant at Grangemouth to be commissioned by 2030 (using the Scottish Cluster CCS).59 

There is no firm basis on which to generate an estimate for GVA for CCS. In any case, the GVA from CCS 

activity would be much smaller than for green hydrogen over the next few decades. 

Overall assessment 

There is much uncertainty about the path of hydrogen demand in Scotland, the UK, and in Europe – as 

well as the capability and competitiveness of Scotland in being able to meet that demand.  But the 

substantial increased in offshore wind capacity – and the commitments being made by the various 

policy statements and plans of action – provide a measure of confidence in the potential.  The available 

economic assessment estimates annual GVA of £25 billion by 2045, and 310,000 jobs.   

This is a space in which Scotland can build a leading position, both in exporting relatively low-cost green 

hydrogen to meet demand in rUK and Northern Europe – as well as developing new technologies and 

business models.  And because green hydrogen is importantly an externally-oriented activity, it enables 

Scotland to overcome the constraints of a small domestic market.  This export dimension is very 

important for the economic performance of small advanced economies. 

These numbers are of a similar order of magnitude to the oil and gas sector.  Indeed, significant exports 

of green hydrogen will significantly offset the decline in exports from Scotland of oil and gas, although 

this will take some time to provide a full offset.  But over a longer time period, it will have greater export 

potential than the declining profile of oil and gas exports.   

There are large European centres of demand for green hydrogen, such as Germany and the Netherlands.  

However, the economic model of hydrogen exports is very different from oil and gas.  Hydrogen is a 

competitive global market, with many potential suppliers.  This will constrain the economic rents 

available relative to oil and gas that is a managed sector (e.g. through OPEC).  Margins will be much 

tighter.  And green hydrogen is expected to be produced more cheaply in MENA than in Northern 

Europe because of access to cheap solar energy. 

IRENA note that ‘The hydrogen business will be more competitive and less lucrative than oil and gas. 

Clean hydrogen will not generate returns comparable to those of oil and gas today. Hydrogen is a 

 
58 Karen Turner, Julia Race and Graeme Sweeney, ‘The economic opportunity for a large scale CO2 management industry in 
Scotland’, Centre for Energy Policy, University of Strathclyde, 2019. 
59 https://www.argusmedia.com/en/news/2295925-ineos-seeks-partner-to-build-grangemouth-hydrogen-plant  

https://www.argusmedia.com/en/news/2295925-ineos-seeks-partner-to-build-grangemouth-hydrogen-plant
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conversion, not an extraction business, and has the potential to be produced competitively in many 

places. This will limit the possibilities of capturing economic rents akin to those generated by fossil fuels, 

which today account for some 2% of global GDP. Moreover, as the costs of green hydrogen fall, new and 

diverse participants will enter the market, making hydrogen even more competitive.’60 

But there is value in developing supply chains, innovation, and so on.  By moving quickly on offshore 

wind, Scotland has created options to create a competitive, at-scale green hydrogen capability – where 

meaningful parts of the value chain are located in Scotland.  And moving quickly to develop green 

hydrogen also makes it more likely that Scotland can develop partnerships, infrastructure, business 

models, and so on, that enable it to gain strong export market share in Europe. 

 

  

 
60 IRENA, ‘Geopolitics of the Energy Transformation: The Hydrogen Factor’, January 2022. 
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3. CAPTURING FULL ECONOMIC VALUE FROM RENEWABLE ENERGY 

Introduction 

In addition to the economic value from the production of renewable energy and hydrogen in Scotland 

described in the previous chapters, there are opportunities to capture additional economic value from 

renewable energy.  Renewable energy is not just as an industry ‘vertical’, where the benefits come from 

the direct production process, but also offers potential ‘horizontal’ impact – creating economic value 

across the broader economy.  It can be a central part of an economic strategy for Scotland.  

There are a wide range of related opportunities in Scotland that will be created or supported by 

renewable energy and green technology.  This chapter considers three related areas of economic 

opportunity:  

▪ strengthening the international competitiveness of the Scottish economy through low cost 

renewable energy; and 

▪ using access to low-cost renewable energy to better position Scotland to attract new economic 

activity (e.g. data centres); 

▪ developing export strengths in advisory services and IP in renewable energy and green 

technology. 

Strengthening Scotland’s competitiveness 

Access to low cost, renewable energy is an increasingly important source of competitive advantage for 

firms.  And so increased renewable electricity supply in Scotland will strengthen the international 

competitiveness of Scottish-based firms that competing in rUK and offshore, particularly those that are 

currently energy and emissions intensive.   

The UK’s energy prices are markedly higher than elsewhere in Europe (partly due to the electricity 

system, but also due to the energy mix).  A 2018 study estimated that UK (and so Scottish) firms pay 

about a third more for electricity than European firms.61   

This is particularly the case at the moment, given the surge in gas prices as well as the increasing costs of 

ETS permits in the UK.  S&P Global Platts observe that ‘Power prices have risen strongly across Europe 

but the UK has come under more intense pressure due to its high dependence on gas and renewables to 

generate electricity’.62  They also note that the UK has the most expensive electricity prices in Europe. 

The major driver of higher energy prices in the UK are due to fossil fuels, largely gas.63 

Indeed, these pricing dynamics mean that producers of renewable energy covered by CfD schemes are 

currently returning cash – as the strike price is below the wholesale market price.64 

 
61 https://www.ft.com/content/2ffd8d62-0828-11e8-9650-9c0ad2d7c5b5  
62 https://www.spglobal.com/platts/en/market-insights/latest-news/electric-power/091321-factbox-uk-electricity-prices-now-
most-expensive-in-europe  
63 https://ember-climate.org/commentary/2022/01/14/uk-electricity-prices-fossil-gas/  
64 https://www.newscientist.com/article/2304702-uk-energy-crisis-why-renewable-subsidies-will-help-avoid-price-shocks/  

https://www.ft.com/content/2ffd8d62-0828-11e8-9650-9c0ad2d7c5b5
https://www.spglobal.com/platts/en/market-insights/latest-news/electric-power/091321-factbox-uk-electricity-prices-now-most-expensive-in-europe
https://www.spglobal.com/platts/en/market-insights/latest-news/electric-power/091321-factbox-uk-electricity-prices-now-most-expensive-in-europe
https://ember-climate.org/commentary/2022/01/14/uk-electricity-prices-fossil-gas/
https://www.newscientist.com/article/2304702-uk-energy-crisis-why-renewable-subsidies-will-help-avoid-price-shocks/
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UK gas prices have spiked higher to record levels

Source: Macrobond; Landfall Strategy Group calculations.

ICE UK Natural Gas futures, GBP, February 1997 – March 2022

 

These relatively high energy prices are a deterrent to expansion of energy-intensive businesses in the 

UK, constraining business investment.  This has reinforced the deindustrialisation process in Scotland, 

and in the broader UK. 

An increased reliance on renewable energy in Scotland will provide additional economic benefits to 

Scotland, through lower energy prices over time and greater resilience because of reduced exposure to 

international shocks to oil and gas prices.  The price of renewable energy is reducing quickly, including in 

Scotland, and is already below the costs of non-renewable energy.65   

 
65 BEIS, Electricity Generation Costs 2020. 
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Renewable energy is markedly cheaper than gas-fired electricity

Source: BEIS Electricity Generation Costs 2020.

Scotland energy consumption (& renewable electricity production), GWh, 2009 - 2020

 

A shift to lower cost renewables will strengthen the competitive position of Scottish firms, as well as 

better positioning them to serve emissions-sensitive consumers.  Around the world, some companies 

are striking direct purchase deals with generators so that they can move to 100% renewable energy.   

To the extent that Scotland moves quickly on building out renewable energy capacity, this will be a 

source of competitive advantage for Scotland-based firms.  For example, the various industrial activities 

around Grangemouth may become more competitive on the back of this renewable energy supply.   

This will also strengthen resilience to external shocks, such as the current spike in gas prices.  This 

reduced volatility is also a source of economic benefit.  Renewables also have inherent volatility, but 

investment in a diversified portfolio of renewables as well as storage mechanisms, can alleviate this.  

Gas prices are source of major external exposure to Scotland.  

Beyond the lower energy prices, being able to operate in a low emissions manner is increasingly a 

source of competitive advantage.  Consumer and investor preferences are shifting rapidly, preferencing 

firms that operate in a low emissions manner.  The ability for Scottish firms to access a low emissions 

intensity supply of energy will become an increasingly important source of advantage.  This will be 

reinforced by the increasing tendency for governments around the world to implement emissions 

pricing schemes. 

There are several recent examples in the Nordics of industrial activity expanding near sources of 

renewable energy.  In northern Sweden, hydroelectricity is powering industry.  A large Northvolt factory 

will supply batteries for much of Europe’s electric-vehicle industry.  And a coal-less ‘green steel’ plant is 
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opening.66  The increasing supply of renewable energy makes expansion of this activity feasible.  

Proximity to renewable energy is valuable asset for industry.   

Growing and attracting new economic activity 

The ability to access low cost, renewable energy will make Scotland a more attractive location for 

inward FDI – particularly for firms that are energy intensive and that face consumer/investor pressure to 

reduce emissions.  Scotland should be looking to attract investment that can support surrounding 

economic activity.  This should be integrated into an overall pitch for Scotland: combine with 

infrastructure, skilled labour, research universities, business environment, and so on.  

Consider data centres as an example.  These have grown rapidly as digital flows have expanded and as 

more applications move to the cloud.  These demands will continue to grow strongly as IoT and AI 

become increasingly widespread.  However, these data centres are heavily energy intensive.  

Increasingly, data centres are looking for sources of renewable energy: the provider and the end 

customers want assurance around the low emissions intensity of these activities.67  

There are numerous examples of data centre companies moving to renewable energy sources.68  

Scotland’s abundance of renewable energy as well as relative supply of land on which to locate these 

facilities – as well as proximity to large customer bases in the UK and Northern Europe – make Scotland 

a competitive destination.   

Locating these data centres close to the source of renewable energy may avoid the high transmission 

pricing costs in the UK.  Indeed, the current transmission pricing regime may create incentives to locate 

economic activity in Scotland (discussed further in the next chapter). 

The Scottish Government recently released a strategy document on green datacentres and digital 

connectivity, setting out the various steps that would be taken to position Scotland for these 

opportunities (from infrastructure to skills).69  One initiative is to ‘develop a cold green storage 

proposition in rural areas: by identifying the lowest cost of renewable power available in Scotland, 

packaging a cold storage datacentre product and developing and launching a marketing plan 

through Host in Scotland’.70 

In a report commissioned by the Scottish Futures Trust, Deloitte prepared economic impact estimates of 

the impact of greater international connectivity of Scotland – including through a greater number of 

data centres in Scotland.71  In a high connectivity scenario, they estimate £200m in incremental average 

GVA from data centres; and about 2,400 jobs.  This is not a direct estimate of the impact of renewable 

 
66 https://www.economist.com/europe/2022/01/22/the-nordic-left-is-back-in-charge;  https://www.ft.com/content/d28d411b-
6abe-4bed-9908-5da3e2c5ab7c  
67 Note the increasing number of big tech companies striking direct purchase agreements with renewable energy providers: 
https://www.bloomberg.com/news/articles/2022-01-31/amazon-amzn-leads-corporate-clean-energy-purchases-in-record-year  
68 As just two European examples: https://news.microsoft.com/europe/2021/11/23/microsoft%E2%80%AFannounces-digital-
ambetion-plan-to-accelerate-growth-and-innovation%E2%80%AFin-belgium-including-its%E2%80%AFintent-to-
establish%E2%80%AFa-datacenter%E2%80%AFregio/;  https://www.ibm.com/blogs/nordic-msp/iceland-data-centers/  
69 https://www.gov.scot/publications/green-datacentres-and-digital-connectivity-vision-and-action-plan-for-scotland/  
70 https://hostinscotland.com/  
71 Deloitte, Economic impact of international connectivity and data centre development in Scotland, September 2018. 

https://www.economist.com/europe/2022/01/22/the-nordic-left-is-back-in-charge
https://www.ft.com/content/d28d411b-6abe-4bed-9908-5da3e2c5ab7c
https://www.ft.com/content/d28d411b-6abe-4bed-9908-5da3e2c5ab7c
https://www.bloomberg.com/news/articles/2022-01-31/amazon-amzn-leads-corporate-clean-energy-purchases-in-record-year
https://news.microsoft.com/europe/2021/11/23/microsoft%E2%80%AFannounces-digital-ambetion-plan-to-accelerate-growth-and-innovation%E2%80%AFin-belgium-including-its%E2%80%AFintent-to-establish%E2%80%AFa-datacenter%E2%80%AFregio/
https://news.microsoft.com/europe/2021/11/23/microsoft%E2%80%AFannounces-digital-ambetion-plan-to-accelerate-growth-and-innovation%E2%80%AFin-belgium-including-its%E2%80%AFintent-to-establish%E2%80%AFa-datacenter%E2%80%AFregio/
https://news.microsoft.com/europe/2021/11/23/microsoft%E2%80%AFannounces-digital-ambetion-plan-to-accelerate-growth-and-innovation%E2%80%AFin-belgium-including-its%E2%80%AFintent-to-establish%E2%80%AFa-datacenter%E2%80%AFregio/
https://www.ibm.com/blogs/nordic-msp/iceland-data-centers/
https://www.gov.scot/publications/green-datacentres-and-digital-connectivity-vision-and-action-plan-for-scotland/
https://hostinscotland.com/
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energy, but it provides a sense of the scale of data centres in Scotland.  And this does not assume FDI 

from the large providers (Amazon, Google, Microsoft, etc), which could lead to greater benefits.   

To calibrate, an assessment prepared for IDA looked at the economic impact of Irish data centres since 

2010.72  They identified €7.1 billion of additional spending between 2010 and 2018, which was largely 

using domestic supply chains; annual FT employment of 5,700 jobs; and helping to anchor a digital 

ecosystem.  And a 2020 estimate from the Netherlands found that there are about 11,000 FTE working 

in and around the Dutch data centres (directly and indirectly).73 

Beyond this, data centres (at scale) will often support surrounding activity – increased investments in 

connectivity, deeper pool of people with IT skills, benefits to other firms in the sector (lower latency, 

etc).  These spillover effects into the broader digital ecosystem can be substantial.  Indeed, the same 

Deloitte report mentioned above, cited increased Scottish GDP of £13b by 2030 if Scotland were to 

become a digital leader (5-6% of GVA).  Leveraging renewable energy to anchor a digital cluster may be 

an important part of this. 

This is a highly competitive space; the rUK, Ireland, and others, are also trying to attract activity.  But 

leveraging Scotland’s rapidly growing renewable energy supply strengthens Scotland’s value 

proposition.  And this value proposition will be further strengthened to the extent that investment in 

digital skills and infrastructure are made in Scotland. 

There are additional potential FDI opportunities beyond data centres, including industrial firms.  An 

increasing array of energy-intensive industrial activities are also looking to access renewable energy.  For 

example, note the recent battery factory investment in England, attracted by access to renewable 

energy (among other things).74  In Finland, access to renewable energy (as well as lithium) is anchoring 

investments in battery production.75   

New export activity 

In some of the economic assessments presented in Chapters 1 and 2, opportunities were identified for 

Scottish firms to export advisory services, IP, and other expertise.  Scotland may be able to leverage its 

leading position in offshore wind (particularly floating) and tidal/wave energy to develop leading 

advisory and services firms that serve global markets.   

A recent survey by Scottish Renewables found that Scottish firms were active in markets around the 

world in a range of activities relating to renewables (construction, advising on technologies e.g. tidal).76   

Overall assessment 

The ‘horizontal activities’ discussed in this chapter are a valuable complement to the economic value 

associated with renewable energy production.  Combined with the green hydrogen opportunity, these 

 
72 Grant Thornton, ‘A Study of the Economic Benefits of Data Centre Investment in Ireland’, prepared for IDA Ireland, May 2018. 
73 https://www.dutchdatacenters.nl/economische-impact/  
74 https://www.ft.com/content/96020ff3-4c01-41f7-9618-894fd65018d2  
75 https://www.bloomberg.com/news/articles/2021-01-26/finland-targets-investors-in-bid-to-create-new-battery-industry; 
https://www.bloomberg.com/news/articles/2021-04-19/finland-pushes-ahead-on-battery-plan-with-johnson-matthey-plant  
76 https://www.scottishrenewables.com/news/402-scotlands-green-energy-export-impact  

https://www.dutchdatacenters.nl/economische-impact/
https://www.ft.com/content/96020ff3-4c01-41f7-9618-894fd65018d2
https://www.bloomberg.com/news/articles/2021-01-26/finland-targets-investors-in-bid-to-create-new-battery-industry
https://www.bloomberg.com/news/articles/2021-04-19/finland-pushes-ahead-on-battery-plan-with-johnson-matthey-plant
https://www.scottishrenewables.com/news/402-scotlands-green-energy-export-impact
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activities are likely to generate larger amounts of economic value for Scotland, and potentially move 

Scotland onto a different growth trajectory.   

This potential economic value cannot be sized with precision, and much depends on the aggression with 

which these opportunities (e.g. FDI, digital clusters) are pursued.  But these activities offer the potential 

to add innovative, knowledge-intensive, externally-oriented economic value to the resource endowment 

that Scotland has – enabling additional value to be captured.  This activity may anchor additional 

clusters of economic activity, delivering further spillover benefits. 

Not all small advanced economies are able to pursue a net zero target as well as economic opportunities 

at the same time; but Scotland is in the fortunate position of being able to do so.  Combining strengths 

in its natural resource endowment with broader strengths and capabilities provides Scotland with 

valuable options. 
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4. CONSTRAINTS & RISKS TO CAPTURING ECONOMIC VALUE 

Introduction 

Capturing the full estimated economic value from producing renewable electricity is deeply contingent 

on a range of factors: commercial, technology, policy and regulatory, and so on.  There is significant 

uncertainty on how economic value might develop in a competitive and fast moving space like 

renewable energy and green technology.  

Indeed, Scotland has previously missed renewable energy installation targets.  As recently as 2012 it was 

expected that Scotland would have 10x the amount of offshore wind capacity installed as it currently 

has (~1GW).77  And many of the plans and targets on the table are deeply demanding, and on aggressive 

timelines.  Scotland’s experience reminds that it is easier to specify a target than to deliver it. 

Indeed, simply adding together estimates of GVA and employment creation from a range of different 

renewable energy types – all of which have aggressive goals that are assumed to be broadly occurring in 

parallel, and all of which require substantial investments in infrastructure, supply chain capability, and 

so on – likely leads to over-optimistic estimates of economic value capture being reported in the 

previous Chapters.  There are capacity constraints that require choices to be made. 

This discussion outlines three key constraints and risks that will shape the extent of realistic economic 

value capture from renewable electricity generation.  First, constraints on the supply of labour and 

investment capital required to support the expansion of renewable electricity and green technology in 

Scotland.  Second, commercial uncertainties around the technology and economics of various 

renewable energy and green technologies, as well as with respect to competitive pressures that 

Scotland will face.  And third, regulatory and policy issues that will constrain or support the incentives to 

invest in renewable technology and green technology. 

Labour and capital constraints 

Delivering the targeted increases in renewable electricity generation in Scotland, and capturing the 

associated economic value, will require substantial amounts of labour as well as massive capital 

investment.  To the extent that there are constraints in the supply of these factors, the pathway of 

economic activity may be weaker or slower than the estimates in Chapters 1 and 2. 

Labour supply constraints 

The economic value forecasts described in the previous Chapters treat increased employment as an 

economic benefit.  But of course, labour supply is also a constraint.  In a small economy like Scotland, 

there are a limited number of people available for employment.  And the transition into new sectors 

takes time. 

Chapter 1 estimated additional FTE jobs of about 75,000 by the late-2030s (with some peaks at the 

front-end of these projects).  Even the direct and indirect jobs (excluding the induced demand) is likely 

to represent over 50,000 jobs.  And the estimates of the incremental jobs involved in the hydrogen 

sector are higher again by 2032: 81,000 and 64,000 in the ‘green export’ and ‘hydrogen economy’ 

 
77 Scottish Offshore Wind Strategic Investment Assessment: An independent report to the Scottish Offshore Wind Energy Council, 
August 2021. 
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scenarios respectively.  These numbers will climb much higher again in the period to 2045/2050 – 

around 105,000 from renewable energy and around 310,000 from hydrogen in the green export 

scenario.  Even after adjusting for some overlap with the offshore wind estimates in chapter 1, the total 

estimated number of incremental jobs are in the order of 385,000.   

In aggregate, this is a substantial number of workers required over the next few decades (perhaps up to 

14% of the Scottish employed population by 2050).  There are 2.7 million people currently employed in 

Scotland, with an employment rate (75%) that is at the top-end of the UK nations.  Only 100,000 people 

are currently unemployed in Scotland, a number that is close to record lows.  Scotland has an aging 

population, with negative organic population growth.  Indeed, Scotland’s population growth has been 

very low relative to the rUK for the past two decades (and more).  Labour markets are likely to remain 

tight for some time. 

Scotland’s labour markets are tight, with low unemployment and high 
employment levels

Source: Macrobond; ONS; Landfall Strategy Group calculations.

Emloyment (millions), unemployment

 

Without a substantial increase in the size of the available labour force, it will be difficult to build out the 

renewable energy capacity on the proposed timelines.  Sequencing of these projects may provide some 

additional assistance.  For example, the solar and onshore wind projects can be frontloaded before the 

big push in offshore wind development happens from the 2030s.   

But even so, labour supply will be an increasingly tight constraint.  There are two key areas that might 

provide additional labour supply.   

First, additional migration from rUK or offshore.  EU migration has been complicated by Brexit 

restrictions, and this is likely to continue.  But Scotland can position itself as an attractive location for 

workers with appropriate skills to contribute to renewable energy.  And increased migration inflows 

from rUK may also be possible.  But these will need to be significant inflows: positive net migration 

inflows are required just to keep Scotland’s working age population growth in positive territory over the 

next few decades.   
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Second, labour will be released from the oil and gas sector in Scotland over the next decade and 

beyond.78  There are currently estimated to be 72,000 jobs in Scotland that are directly supported by the 

oil and gas sector.  As this sector contracts over time, this will provide a source of labour supply to the 

renewables sector.  Many workers will be in geographies that match the employment growth 

(particularly for offshore wind) and have skills that are transferable.  The just transition programmes 

that are in place will support this transfer of labour.  Estimates are that 40,000 direct and indirect jobs 

across the UK could be supported by the North Sea Transition Deal, many of which will be in Scotland.79  

The speed of release of workers from the oil and gas sector, as well as the extent of migration into 

Scotland, is highly uncertain.  But as it stands, there will be constraints in generating the estimated 

number of additional workers – unless there is a surge in labour productivity elsewhere in the economy. 

The implication is that labour market and skills policy need to be central to the renewable energy 

agenda in Scotland; without this, the pathway forward may be much more gradual than expected.  This 

is one of the constraints of being a small economy, heavily reliant on migration inflows to scale the 

labour force up for these transformational changes.  

I am not able to discount the economic estimates in Chapters 1 and 2 without more detailed modelling 

of labour supply, as well as a more detailed sense of the sequencing and timing of the renewable energy 

projects.  But the economic value estimates in Chapters 1 and 2 should be seen as being at the upper 

end of the range of what is possible.   

More broadly, it is important to distinguish between the ‘gross’ economic impact that was estimated 

above – and the ‘net’ economic impact on the Scotland economy.  To the extent that labour supply in 

the renewable energy and green technology sectors is drawn from other sectors of the Scottish 

economy (as opposed to from migration inflows), GVA in these other sectors will contract – offsetting 

the overall gross economic contribution.   

This will lead to a rebalancing of the economy.  Ideally, resources would flow from lower labour 

productivity activities so that GVA increases in net terms as this reallocation occurs.80  But the net GVA 

increase from renewable energy and green technology will be much lower than the gross estimates 

above that don’t account for this reduction in economic activity in other sectors.    

Capital investment 

A transformation of the energy and economic system on this scale will require very substantial capital 

investment.  And this is in addition to the ongoing programme of investment in the grid network and 

other infrastructure that is already underway.  An overall estimate of the direct and indirect capital 

requirements has not been prepared, but the numbers will be very large. 

First, increased domestic and international grid infrastructure will be required to support the substantial 

increases in renewable energy generation over the next decade and beyond; to allow distribution to 

 
78 Oil & Gas UK, ‘Workforce & Employment Insight 2021’, August 2021. 
79 BEIS/OGUK, North Sea Transition Deal, March 2021. 
80 An IPPR study reports that average salaries are similar in the oil and gas and renewables sectors across the UK, suggesting 
similar levels of average labour productivity (IPPR, Net Zero North Sea: A Managed Transition For Oil And Gas In Scotland And 
the UK After Covid-19’, 2020.) 
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customers, as well as to provide storage facilities to cope with the volatility of renewable generation.  

The recent NOA review provides a sense of some of the investment magnitudes, which are substantial.81    

There are concerns that that this is not happening as rapidly as required, in large measure because of 

regulatory issues (weak incentives to make anticipatory investments, approval delays, as well as the 

incentives created by the transmission pricing system).  And there are no current plans to build the grid 

infrastructure required for the types of increases in installed capacity beyond 2030 that are discussed in 

Chapters 1 and 2.  Without stepped-up investment, the estimated increase in installed capacity over the 

next few decades will not happen.  

New offshore transmission networks will need to be built, and there is currently discussion underway on 

how to do this in a coordinated manner.  Beyond this, there are likely to be requirements for new 

international cables and pipelines for export purposes – beyond the existing infrastructure that can be 

re-purposed from the oil and gas sector. 

Investment in the electrification/decarbonisation of the Scottish economy will be required to deliver net 

zero, from home heating systems to transforming the transport fleet.   

Of course, substantial investment will be required in renewable energy and hydrogen production.  Over 

the next few decades, there are tens of billions of pounds in capex involved.  Statements made after the 

ScotWind round suggested £25 billion of investment was committed as part of the bids for 25GW of 

offshore capacity (although not all of this will be direct capex).  On an estimated incremental build of 

over 70GW over the next few decades, this implies a capex spend that is a very substantial share of 

annual Scottish GVA.  And add to this the need for substantial investment in hydrogen production, such 

as electrolysers, CCS facilities, and so on. 

Substantial investments in port infrastructure are required to support Scotland’s offshore wind.  Large 

ports are required for value-adding services to be located in Scotland rather than in other locations.  

Assessments have been undertaken in terms of what is required across the Scottish ports, with 

recommendations of an integrated approach across ports to work collaboratively.82  Some meaningful 

investments are already underway, such as the £350 million expansion project at Aberdeen.83   

Many local companies will face significant balance sheet constraints in self-funding this investment, 

which implies international funding.  Many companies are already investing heavily to finance new 

capabilities so that they can participate in the respective supply chains. 

And the Scottish Government is constrained in what it can do to directly invest behind these 

opportunities – it has some funding available, and some government entities involved (such as the 

Scottish National Investment Bank), but it cannot use its own balance sheet in the way that the UK 

Government or other governments can (as discussed in the case studies in Chapter 5). 

 
81 National Grid, Network Options Assessment, January 2022. 
82 Scottish Offshore Wind Strategic Investment Assessment: An independent report to the Scottish Offshore Wind Energy Council, 
August 2021; Arup/Crown Estate Scotland, ‘Ports for offshore wind: A review of the net-zero opportunity for ports in Scotland’, 
September 2020. 
83 https://www.bbc.com/news/uk-scotland-scotland-business-60133841  

https://www.bbc.com/news/uk-scotland-scotland-business-60133841
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There are substantial amounts of capital flowing into the renewable energy and green technology space.  

Indeed, the big major oil companies are investing more in offshore wind in the UK than in oil and gas.84  

BP has committed to building or buying 25GW of renewable energy by 2025 (worldwide) and 50GW by 

2030; it already has 24.5GW in its current pipeline.85  And sovereign wealth funds and other institutional 

investors are allocating substantial amounts of capital into renewable energy.86 

Successful bidders in the ScotWind process have committed to investing in aggressive supply chain 

development plans.  These will not be officially published until the deals are agreed, but many of the 

applicants have publicised their plans for developing domestic supply chains (investments in ports, skills 

and capability-building, commitments to local supply chains).   

But it is a very competitive global space.  The ScotWind leasing attracted substantial amounts of foreign 

interest, which will now need to be sustained and accelerated.  Scotland is becoming a big player in 

floating offshore wind, but elsewhere is relatively small compared to other global markets.     

China installed 17GW of offshore wind capacity in 2021, more than the global total of 14GW installed 

between 2015 and 2020.87  China accounts for about half of the total installed offshore wind capacity 

(54GW in 2019); Britain is in second place with 8GW.  The Biden Administration has committed the US 

to 30GW of installed offshore wind by 2030.  Financial capital will also be flowing into these markets. 

Bloomberg NEF’s 2022 edition of its ‘Energy Transition Investment Trends’ estimated that renewable 

energy attracted $366 billion for new projects and small-scale systems (up 6.5% from 2020).88  $24 

billion was invested in hydrogen, CCS, and sustainable materials in 2021 (CCS was the only category to 

have lower investment than in 2020).  China and the US had the largest amounts of investment in 

renewable energy, at about $130 billion and $45 billion respectively. Under different scenarios, global 

investment in renewable energy needs to increase by 4x to 10x by 2030 ($1 trillion to $2.3 trillion). 

It is difficult to size the extent to which capital will be a constraint in Scotland.  Substantial capital is 

flowing into the sector around the world, but many countries have ambitious plans.  Scotland needs to 

compete strongly to attract this capital, by developing a compelling value proposition.  And it should 

attempt to muster as much domestic capital as it can to ensure that as much of the income stream as 

possible is captured in Scotland.  

Commercial and technology factors 

There are significant risks and uncertainties relating to the progress of technology, the changing 

economics of investment in renewable energy, as well as the nature of competitive pressures from 

other locations. 

Technology risks 

The cost data in Scotland and internationally shows very substantial reductions in wind and solar costs 

over the past decade, as technologies have developed and scale economies in production have been 

 
84 https://www.bloomberg.com/news/articles/2022-01-18/biggest-north-sea-majors-set-to-spend-more-on-u-k-wind-than-oil  
85 https://www.ft.com/content/999f719f-7561-4dfa-adb5-def8e58ea35d  
86 https://reneweconomy.com.au/singapore-wealth-fund-buys-into-australian-green-hydrogen-mega-projects/  
87 https://www.economist.com/graphic-detail/2022/01/27/china-now-has-nearly-half-of-the-worlds-offshore-wind-capacity?  
88 https://about.bnef.com/energy-transition-investment/  

https://www.bloomberg.com/news/articles/2022-01-18/biggest-north-sea-majors-set-to-spend-more-on-u-k-wind-than-oil
https://www.ft.com/content/999f719f-7561-4dfa-adb5-def8e58ea35d
https://reneweconomy.com.au/singapore-wealth-fund-buys-into-australian-green-hydrogen-mega-projects/
https://www.economist.com/graphic-detail/2022/01/27/china-now-has-nearly-half-of-the-worlds-offshore-wind-capacity
https://about.bnef.com/energy-transition-investment/
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achieved.89  But several of the renewable technologies in Scotland have material risks around the 

effectiveness and the economics of the technology.   

For example, there is significant risk around floating offshore wind technology, which makes up over 

~60% of the successful ScotWind bids.  Scotland will be the first country to deploy at scale, and the 

distribution of possible outcomes is high.  The extent to which progress is made on the technology and 

cost structure is material for the economic value generated in Scotland.  Similarly, there are meaningful 

risks around tidal and wave technology.  Substantial progress has been made, but the costs remain 

relatively high.  But with ongoing investment and deployments, the cost curve may continue to reduce. 

And renewable energy companies are currently facing significant (and possibly sustained) increases in 

their cost structures.  Increases in commodity and input prices, increasing labour costs, as well as global 

supply chain delays and cost increases, are weakening profit margins for developers.  Share prices of 

some of the large global renewable companies have been under significant downward pressure over the 

past several months. 

Share prices of several major renewable companies have been under 
significant downward pressure over the past several months

Source: Macrobond;  Landfall Strategy Group calculations.

Share prices (total return local currency), 1 January 2017 = 100

 

Some estimates have the cost of wind turbines up 13% in 2021, and solar panels by 50%, after decades 

of declines.90  Some of these cost and other pressures are likely to moderate, but frictions in global flows 

and the surge in demand for building renewables are likely to create financial challenges for some time.  

This is causing developers to look to reduce costs elsewhere in the supply chain, which may create 

pressures on economic value capture in Scotland. 

 

 
89 IRENA, Renewable Energy Cost Database, 2020. 
90 https://www.bloomberg.com/news/articles/2022-01-20/say-goodbye-to-clean-energy-s-era-of-constantly-falling-prices?  

https://www.bloomberg.com/news/articles/2022-01-20/say-goodbye-to-clean-energy-s-era-of-constantly-falling-prices
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Competition 

There are numerous other locations in the rUK and in the North Sea Region (and beyond) that are 

possible locations for renewable energy production – and for the value-adding functions that 

accompany this activity.  Many other countries, from rUK and Ireland to Denmark, Germany, and the 

Netherlands, have substantial ambitions in terms of installing onshore and (particularly) offshore wind 

over the next decade.  The Crown Estate for England and Wales has already leased seabed rights for 45 

GW of offshore wind, so Scotland is not the only country moving fast. 

Scotland has positioned itself well with the super-sized ScotWind round, which makes it attractive to 

firms that are deciding on capital allocation and where to position other resources.  But even so, 

Scotland will need to compete for investment and value-adding functions across a range or relevant 

dimensions: human capital, an ecosystem of firms, infrastructure, and so on, as well as the broader 

business environment.   

And Scotland will need to address its relative cost competitiveness with England, partly due to the 

transmission pricing system (refer discussion below), which has constrained investment into Scottish 

renewables capacity over the past decade. 

Overall comments 

The environment is increasingly positive for an aggressive scale up of renewable energy in Scotland.  

Relative to a decade ago, the technology is much more mature, the unit costs have reduced 

substantially, and there is a much stronger, less risky demand profile: government net zero 

commitments, stronger private sector demand for green energy as investors and consumers have much 

stronger preferences for low emissions goods and services, and so on. 

But Scotland will need to work hard to ensure that it is a competitive location from which to make 

investments in renewable energy.  This is a function of the broader business environment, from human 

capital to infrastructure to the state of the surrounding cluster.  If Scotland is out-competed by other 

jurisdictions (including rUK) to be the location of some of these additional functions, then significant 

economic value may be lost.   

Policy and regulatory factors 

There are several policy and regulatory factors that are commonly referenced as constraining the speed, 

scale, and nature of investment in renewable energy: the design features of the CfD scheme; 

transmission pricing arrangements; the incentive to make forward-looking investments in grid 

infrastructure; and the planning and consent system in Scotland.  

Transmission Pricing 

The transmission pricing system is set by Ofgem for use across the UK (ex NI).  But several analyses have 

shown that this approach has materially disadvantaged Scotland by weakening incentives for 

investment. 

The pricing system is intended to charge users of the transmission network for the extent of their 

network use.  This was designed in an era of fossil fuels, and the system was intended to create 

incentives to invest in capacity that was relatively proximate to the customers.  In the UK context, this 
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means that producers that are close to London and the South East pay much less than producers in 

Scotland (indeed, generators in the south of England are paid to use the network).91 

Scotland generators face a much higher cost structure than in the south 
of England, where they are paid to use the network

Source: ITP Energised; SSE

Zonal tariffs (£/Kw) (2021/22), Annual cost of output (£/MWh), forecast 2026/7

 

This skews the playing field against Scottish generators, making it much cheaper to build capacity in 

England.  This transmission charge is an increasingly meaningful proportion of the overall cost of 

electricity, particularly as costs have come down.  The distortion in pricing has an increasingly powerful 

impact on the location of investment.  The increasing volatility of these charges, which makes them hard 

to predict, is also a significant challenge to investment decision-making.  There are several studies that 

document the negative impact of the TNUoS on renewables investment in Scotland.92   

The Scottish Government’s offshore wind policy statement notes industry views in Scotland that ‘TnUOS 

charges represent a large and increasing proportion of project revenues, and are essentially a locational 

signal and disincentive to which they are unable to respond. We have long regarded the system of 

TNUoS as unfairly hampering the competitiveness of Scottish projects and have repeatedly flagged this 

disparity to the UK Government as part of our discussions on the subject of the CfD review.’ 93 

Scottish Renewables note that ‘TNUoS charges make Scottish offshore wind farms 20% more expensive 

than those in English waters. While an average 1GW Scottish offshore wind project would pay £38 

million a year to use the electricity network, an identical wind farm in the congested seas off England’s 

south coast would receive a £7 million payment for the same service… It is also clear that those 

uncertainties are falling disproportionately on offshore wind: the very technology that can bring the 

 
91 ITP Energised, ‘TNUoS Briefing: Differential impact of onshore Transmission Network Use of System (TNUoS) charges on the 
economics of offshore wind projects around the GB coastline’, prepared for Crown Estate Scotland, November 2021. 
92 SSE Networks, ‘Transmission Charges: An overview of charges for use of the GB transmission system’, February 2021. 
93 Scottish Government, ‘Offshore Wind Policy Statement’, October 2020. 
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largest volume of low-carbon electricity on to our system, and one that already bears a significant risk 

profile’.   

These charges will become more skewed against Scottish exporters of electricity as more offshore wind 

(and other renewable energy) from Scotland is generated.94  ‘International developers now face a 

situation where these costs are not levied on their projects in Europe – projects which can make use of 

interconnectors to import low-carbon power to the UK rather than face the costs and risks associated 

with TNUoS to develop projects here’.95  This charging system will also constrain the ability of Scottish 

generators to export surplus electricity to Europe via the current grid and interconnectors, because the 

pricing will not be competitive.96 

Transmission charges also make Scottish generators deeply 
uncompetitive with other European countries

Source: Renewable Infrastructure Development Group, ‘Charging the wrong way: How electricity generators access the GB market’, 2021.

Zonal tariffs (£/Kw)  (2021/22), Annual cost of output (£/MWh) (forecast 2026/7), 

 

In the context of the net zero aspiration and the geography of renewable energy generation (with a 

heavy presence in Scotland), there is a very strong case for reform of these UK regulations to remove 

the hand-brake on Scottish renewables investment.  A review of this system is currently underway.   

In the meantime, there are some potential ways to partly work around the TNUoS constraints by 

implementing ‘behind the wire’ activities.  For example, green hydrogen can be produced offshore or 

directly onshore where the electricity is landed, which would avoid touching the transmission network.  

Private wire schemes are also possible, where generators sell directly to a large electricity user on a 

privately-developed network.  Such arrangements are sometimes seen around the world with large data 

 
94 Renewable Infrastructure Development Group, ‘Charging the wrong way: How electricity generators access the GB market’, 
2021. 
95 Scottish Renewables, ‘Transmission Network Use of System Charge’, November 2021 
(https://www.scottishrenewables.com/news/953-renewable-energy-industry-calls-for-reform-of-the-tnuos-transmission-
charging-regime). 
96 Renewable Infrastructure Development Group, ‘Charging the wrong way: How electricity generators access the GB market’, 
2021. 

https://www.scottishrenewables.com/news/953-renewable-energy-industry-calls-for-reform-of-the-tnuos-transmission-charging-regime
https://www.scottishrenewables.com/news/953-renewable-energy-industry-calls-for-reform-of-the-tnuos-transmission-charging-regime
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centres or industrial activities.  Scotland’s ability to supply large volume of low cost renewable electivity 

in this way may be a source of competitive advantage, incentivising investment in the north of Scotland, 

close to the supply of electricity. 

Other options, such as building direct interconnectors to take Scottish-produced electricity direct to 

markets in Europe without the need to go through rUK, are likely to be prohibitively expensive (relative 

to going through the UK).  Indeed, Scotland has not built export interconnectors in the way that the 

National Grid in England has.   

Incentives to strengthen the grid 

The substantial expected increases in renewable electricity generation in Scotland over the next decades 

will place significant pressure on transmission and distribution across the grid, as well as in storage 

facilities.  Substantial investments in grid infrastructure will be required.   

But the incentives for grid operators in Scotland to make ‘anticipatory investments’ is currently 

constrained.  Investments are meant to be made when there is clear demand.  But the requirements of 

achieving net zero, and the location of much of the renewable energy, should support building this 

infrastructure to be ahead of the curve. 

Indeed, the lead times associated with making these investments are already getting tight.  A more 

forward-leaning regulatory approach is needed to support rapid investment. 

Contracts for difference (CfD) 

The UK-wide CfD scheme has been central to supporting investment in renewable energy.97  It commits 

to pays the difference between a strike price that is agreed in an auction process (that reflects the costs 

associated with the investment) and the market wholesale price.  This CfD mechanism also assures 

stability in income, which reduces project risk.  This stability allows for a cheaper (debt financed) cost of 

capital, which improves the economics of investing in renewables projects. 

This has led to much more rapid investment into renewable energy projects in the UK than would 

otherwise have been the case.  Arup analysis estimated that the revenue stabilisation via a CfD 

‘improves project viability and also allows investment to come forward at a lower cost of capital, 

lowering the levelised cost of energy for an onshore wind project by between £6/MWh and £12/MWh 

relative to position where no stabilisation is provided’.98  

However, design choices in the implementation of the CfD scheme have negatively impacted on the 

speed and scale of investment in Scotland.  For example, onshore wind projects were removed from 

2015, which substantially damaged the economic incentives for investment (delaying several projects).  

However, onshore wind projects are now included.  In late 2021, announcements were made that tidal 

stream projects had received a £20m allocation in the CfD scheme for the first time after significant 

lobbying activity.   

 
97 https://www.gov.uk/government/publications/contracts-for-difference/contract-for-difference  
98 Arup, ‘Onshore Wind Financing: Cost of Capital Benefits of Revenue Stabilisation via a Contract for Difference’, report for 
ScottishPower Renewables, November 2018 

https://www.gov.uk/government/publications/contracts-for-difference/contract-for-difference
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However, pumped hydro is not currently included in the CfD scheme.  Without CfD-style income 

stabilisation measures, substantial investment is unlikely to come forward.  These projects are needed 

to provide storage for an electricity system that has a greater contribution from renewables.  An 

offshore wind industry group has noted that the CfD scheme should recognise the higher costs and risks 

of floating offshore wind relative to other offshore wind projects – and provide a separate allocation for 

these projects.99   

The second issue with CfD design is the regularity and certainty of CfD auctions.  Given the long-horizon 

nature of renewables investments, a clear pathway of regular CfD auctions is needed to provide long 

term confidence.  The Scottish Government, the UK Climate Change Committee, industry groups, and 

others, have called for regular, annual CfD auction rounds to provide clarity on the pipeline of available 

volume.  The UK Government has recently announced that annual CfD rounds will be held from 2023.100 

Lastly, the Scottish Government has expressed concern about the impact of the incentives created by 

the CfD scheme on supply chain strengthening.  Although the CfD scheme has been successful in 

reducing the costs of renewable electricity and crowding in investment in renewables, the ‘dramatic 

reductions in support achieved at recent CfD rounds have also increased the pressure to slash the capital 

costs of renewable electricity projects.  This pressure has caused a race to the bottom for the domestic 

supply chain, with suppliers greatly reducing margins or losing contracts altogether. The Scottish 

Government maintains that the supply chain pressure and squeeze resulting from the CfD scheme’s 

effectiveness at reducing developer bids and technology costs has been detrimental to the domestic 

supply chain and investor confidence’. 

Looking forward, the maturing nature of the renewables market may make these CfD issues less of a 

constraint.  Although income volatility remains an issue, the reducing cost of new renewables projects 

makes commercial decisions around these projects easier to make.   

  

 
99 Scottish Offshore Wind Strategic Investment Assessment: An independent report to the Scottish Offshore Wind Energy Council, 
August 2021. 
100 https://www.gov.uk/government/news/government-hits-accelerator-on-low-cost-renewable-power  

https://www.gov.uk/government/news/government-hits-accelerator-on-low-cost-renewable-power
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5. COUNTRY CASE STUDIES 

Introduction 

This Chapter presents several selected country case studies from leaders in renewable energy and green 

technology.  The focus is on the policy and other actions that they have taken – and are currently taking 

– to strengthen the contribution of renewable energy and green technology to economic value capture.   

This will be useful in calibrating the intensity of action required by Scotland and the types of actions and 

choices that could be taken in Scotland.  The choice of countries is guided by an assessment of which 

countries are most instructive for the Scottish context.  The key selection criteria for comparator 

economies that are used for case studies will include: 

▪ comparable economic scale to Scotland (and similar level of economic development) 

▪ strong presence in renewable energy and clean tech (as producer, consumer) 

▪ a record of policy innovation in renewable energy and green technology 

▪ commitments to transitioning net zero 
 

The economies selected are Denmark, the Netherlands, Norway, and New Zealand.   

Denmark 

Denmark is a small advanced economy, with a population of a similar size to Scotland and a per capita 

income that it is slightly higher.  It has developed significant capabilities in renewable energy (notably 

onshore and offshore wind) over the past few decades, and has two world-leading companies in this 

space (Orsted, Vestas).  ~80% of Denmark’s electricity comes from renewable sources, and it is moving 

to reduce emissions intensity. It has also developed has a broader green ecosystem, from mobility (high 

electric vehicle penetration rates, world-leading cycling infrastructure) as well as green initiatives in 

industrial companies and city-wide heating.   

Denmark cut its greenhouse gas emissions by 36% between 1990 and 2019, and it is now one of the 

least carbon-intensive countries.101  Emissions have been cut without overall employment losses, partly 

due to active labour market and skills policy that allows for workers to move to new opportunities. 

Denmark plans to halve its emissions over the next decade.  The Climate Act sets a legally-binding 

objective of reducing emissions by 70% by 2030 from 1990, on track to carbon neutrality by 2050.  A 

climate roadmap has recently been released by the government, outlining the steps to be taken.102  This 

will require substantial investment, estimated to be in the order of 1% to 2% of GDP annually.   

Denmark has been a pioneer in wind from the 1970s (motivated by the oil crisis).  The initial catalyst for 

the development of the wind sector was government action to promote the purchase of renewables.  

And over the past few decades there has been strong government support to build strength into the 

cluster, including subsidising the capital cost of building turbines.  They are now commercially 

competitive against fossil fuels. 

 
101 OECD, Economic Survey: Denmark, December 2021. 
102 https://kefm.dk/aktuelt/nyheder/2021/sep/regeringen-fremskynder-klimaindsatsen-med-koereplan-til-ny-2025-deadline  

https://kefm.dk/aktuelt/nyheder/2021/sep/regeringen-fremskynder-klimaindsatsen-med-koereplan-til-ny-2025-deadline
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There are a range of government policies that are supporting the development of renewable energy.  It 

has committed to the complete removal of fossil fuels in the energy supply by 2050, moving to 100% 

renewables.  In December 2020, the Danish parliament voted to end all North Sea offshore gas and oil 

extraction by 2050, and to offer no new concessions for exploration.  However, Denmark will remain an 

oil exporter for the next several years.103 

Denmark has 7GW of installed wind capacity: 4.7GW onshore and 2.3GW offshore.104  The wind turbine 

industry employed 33,000 people in 2020 (2.3% of private sector employment); had a turnover of DKK 

128.5 billion (~£14 billion); and exports of wind energy technology and services in 2020 of DKK 54.1 

billion (down from DKK 68.5 billion in 2019, about £7.5 billion).  

Looking forward, Denmark has committed to expanding offshore wind capacity by 7.2GW by 2030.105  

Investments in offshore wind are now fully commercial, and do not require any government support – 

but will return money to the government.106  

The big commitment are investments in facilities to support new offshore wind farms.107  Two islands 

will be developed (one new/artificial island in the North Sea, one an existing island) to support new 

arrays of wind farms.  It will be a PPP, with the majority financed by the private sector – but with the 

Danish state retaining a majority stake.  It is estimated to cost €37b.108  In the first stage, the two islands 

will have capacity of 5GW – and over time, the artificial island may generate 10GW – and have facilities 

to produce green hydrogen.  A total of ~12GW is possible across the two island.  Excess supply of 

electricity will be created for Denmark, with agreements signed with Germany, the Netherlands, Poland, 

and others. 

Denmark has committed to develop the North Sea energy island to its full capacity as soon as possible, 

with 2040 as the target point. 

Denmark is already selling renewable electricity to the Netherlands to fund additional investments in 

renewable energy and green technology.109  Denmark is now moving to develop hydrogen capabilities, 

recently releasing a strategy.110 

The government plans for new job creation through Denmark’s growing offshore wind sector, in which it 

has national champions like Vestas and Orsted.  It will also develop carbon capture and storage 

technology in the areas affected by job losses. 

Denmark’s leadership position in renewable energy has come on the back of sustained investment and 

policy support.  It has become a technology leader in wind power – and has grown large, global firms – 

by moving quickly with significant government support 

 
103 https://www.trade.gov/country-commercial-guides/denmark-renewable-energy-products  
104 https://winddenmark.dk/tal-fakta/fakta-om-vind-danmark/antal-vindmoeller-kapacitet  
105 https://www.offshorewind.biz/2021/12/06/denmark-to-add-up-to-3-gw-of-new-offshore-wind-capacity-by-2030/  
106 https://kefm.dk/aktuelt/nyheder/2022/jan/klimaministeriet-indgaar-aftale-med-tyske-rwe-om-at-bygge-danmarks-hidtil-
stoerste-havvindmoellepark 
107 https://ens.dk/en/our-responsibilities/wind-power/energy-islands/denmarks-energy-islands  
108 https://windeurope.org/newsroom/news/energy-islands-denmark-continues-to-count-big-on-offshore-wind/  
109 https://www.rechargenews.com/wind/dutch-to-finance-huge-danish-green-hydrogen-plan-via-eu-renewable-power-swap-
deal/2-1-830193  
110 https://balticwind.eu/denmark-announces-new-power-to-x-strategy/  

https://www.trade.gov/country-commercial-guides/denmark-renewable-energy-products
https://winddenmark.dk/tal-fakta/fakta-om-vind-danmark/antal-vindmoeller-kapacitet
https://www.offshorewind.biz/2021/12/06/denmark-to-add-up-to-3-gw-of-new-offshore-wind-capacity-by-2030/
https://kefm.dk/aktuelt/nyheder/2022/jan/klimaministeriet-indgaar-aftale-med-tyske-rwe-om-at-bygge-danmarks-hidtil-stoerste-havvindmoellepark
https://kefm.dk/aktuelt/nyheder/2022/jan/klimaministeriet-indgaar-aftale-med-tyske-rwe-om-at-bygge-danmarks-hidtil-stoerste-havvindmoellepark
https://ens.dk/en/our-responsibilities/wind-power/energy-islands/denmarks-energy-islands
https://windeurope.org/newsroom/news/energy-islands-denmark-continues-to-count-big-on-offshore-wind/
https://www.rechargenews.com/wind/dutch-to-finance-huge-danish-green-hydrogen-plan-via-eu-renewable-power-swap-deal/2-1-830193
https://www.rechargenews.com/wind/dutch-to-finance-huge-danish-green-hydrogen-plan-via-eu-renewable-power-swap-deal/2-1-830193
https://balticwind.eu/denmark-announces-new-power-to-x-strategy/
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Innovation Fund Denmark is the peak innovation funding agency in Denmark.  It is supporting the 

government’s green research agenda, released in September 2019.111  It committed 800m DKK (~£90 

million) to various green economy initiatives in 2020, the biggest allocation across its three thematic 

focus areas.112  They note that ‘New solutions and technologies play a decisive role in reaching the 

target of the green transition in Denmark and the rest of the world. Along with this, we will expand the 

green frontrunner position of Danish industries to the benefit of exports and green jobs in Denmark’.  

And of course, there is substantial private sector research investment notably in large green firms. 

The revenues from carbon pricing, to be implemented before 2023, will also help to fund green 

technologies such as hydrogen. 

The Netherlands 

The Netherlands is one of the most emissions-intensive advanced economies in Europe, and has one of 

the lowest shares of renewable energy in electricity generation across advanced economies.  This is 

partly a function of its economic structure, as well as its oil and gas.   

However, the output from gas fields is reducing.  And the Dutch Government has made some substantial 

investment commitments over the recent to strengthen renewable energy and green technology.  They 

are also in the market for significant imports of renewable energy – both for direct consumption as well 

as to produce green hydrogen; it has struck deals with Denmark as noted above, and has 

interconnectors to the UK. 

And these activities are now being stepped up aggressively.  In the recent coalition agreement 

(December 2021), the coalition parties have agreed to establish substantial new funding vehicles to 

reduce emissions by at least 55% by 2030, with a goal of 60%.113  A new €35b climate change fund was 

announced (equivalent to 4.3% of GDP).  A dedicated Minister for Climate and Energy will be responsible 

for this fund.  The government is also preparing for the construction of two new nuclear power plants; 

the Netherlands currently has one nuclear power plant, and imports nuclear-generated electricity from 

Belgium. 

The current installed capacity of offshore wind power in the Netherlands is ~2.5GW, which should 

increase to ~4.5GW by 2023 and 21GW by 2030 (this target was raised in 2021 from 11GW).114  Dutch 

companies have around 25% of the total European market for offshore wind energy.  Onshore wind was 

about 3GW in 2015, and was projected to increase to 6GW by 2020 (this target was missed).  

Beyond building renewable capacity, the Netherlands is also investing heavily in green technology – 

notably hydrogen.  The Netherlands already has a leading position in grey hydrogen, which means that 

Dutch industry has the infrastructure and capabilities to adapt to green hydrogen. 

A national hydrogen strategy was published in 2020.115  Of the new €35 billion climate change fund 

agreed in the December 2021 coalition agreement, it is expected that €5 - 10 billion will be allocated to 

 
111 https://ufm.dk/en/publications/2020/green-solutions-of-the-future-strategy-for-investments-in-green-research-technology-
and-innovation  
112 https://innovationsfonden.dk/en/klima  
113 https://sustainablefutures.linklaters.com/post/102hezp/dutch-coalition-agreement-a-greener-future  
114 https://www.government.nl/topics/renewable-energy/offshore-wind-energy  
115 https://www.government.nl/documents/publications/2020/04/06/government-strategy-on-hydrogen  

https://ufm.dk/en/publications/2020/green-solutions-of-the-future-strategy-for-investments-in-green-research-technology-and-innovation
https://ufm.dk/en/publications/2020/green-solutions-of-the-future-strategy-for-investments-in-green-research-technology-and-innovation
https://innovationsfonden.dk/en/klima
https://sustainablefutures.linklaters.com/post/102hezp/dutch-coalition-agreement-a-greener-future
https://www.government.nl/topics/renewable-energy/offshore-wind-energy
https://www.government.nl/documents/publications/2020/04/06/government-strategy-on-hydrogen
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the development of the hydrogen economy – such as financing new factories for green hydrogen’.116  

Additional money is being used for infrastructure (pipelines) and upgrading industrial facilities.  Some 

expect as much as €15 billion to be used for green hydrogen and related activities.  The aim is to 

position Dutch firms - and the Dutch economy – for the arrival of a hydrogen economy at scale in Europe 

and elsewhere. 

The previous Dutch government set a target of 3-4GW of green hydrogen capacity, enough green 

hydrogen to make about a quarter of the current use of hydrogen in Dutch industry.  This will require at 

least €5 billion in government support in the coming decade, and the new government may be prepared 

to allocate even more (partly in response to the big challenge in achieving the national emissions 

reduction target).117   

There is strong, broad political support for investing behind green hydrogen.  The Netherlands is 

positioning itself as a major European player, with similar levels of support as much larger European 

countries such as Germany and the UK. 

Dutch and foreign firms are already committing to substantial investments in electrolyser facilities, 

including the NortH2 facility in Groningen that aims to supply 4GW of green hydrogen to industry by 

2030 and 10GW by 2040, powered by offshore wind.118  In general, offshore wind farms will be 

connected to electrolysers on the coast, which are close to existing industry locations.  Much of the 

increased offshore wind capacity will be used to support green hydrogen production. 

Note also that there is some upside risk to these plans.  The EU is considering more ambitious plans for 

the use of hydrogen in industry and transport; and the Dutch do not want to lose their lead in the 

production and use of green hydrogen.  The current government seems to have a stronger commitment 

to green initiatives than the previous government, and are more inclined to ramp up their funding and 

policy commitment. 

The green hydrogen produced in the Netherlands is likely to be more expensive than green hydrogen 

produced in North Africa and piped to the Netherlands.  But Dutch green hydrogen can provide flexible 

demand for intermittent wind power that is being commissioned – and also a good supplement to 

infrastructure that is already being built.  This reduces the overall cost structure of Dutch green 

hydrogen.  Despite this, estimates suggest that producing 4GW of green hydrogen will require from €4-

11 billion of government financial support (similar to government funding commitments).119 

The 2021 Government Budget committed to funding a national hydrogen backbone.  85% of this will use 

the existing natural gas grid (retrofitted to allow for the transport of hydrogen), with 15% requiring new 

pipelines. This will connect five large industrial clusters in the north, south and southwest of the 

Netherlands with hydrogen production sites, ports, and storage facilities; as well as cross-border 

connections.  The cost is expected to be €1.5 billion, of which the government will provide half.120 

 
116 https://www.nrc.nl/nieuws/2022/01/12/voor-groene-waterstof-ligt-een-megaplan-klaar-a4078751  
117 https://www.nrc.nl/nieuws/2022/01/10/de-som-van-rutte-iv-kapitaal-kennis-groei-a4077417  
118 https://www.north2.eu/en/  
119 https://www.nrc.nl/nieuws/2022/01/12/voor-groene-waterstof-ligt-een-megaplan-klaar-a4078751  
120 https://economics.rabobank.com/publications/2021/october/budget-day-brings-dutch-hydrogen-ambition-a-small-step-
closer/  
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This is a way of using existing assets that were at risk of becoming stranded (as natural gas production 

declined) as well as ensuring that there will be significant supply capability for hydrogen (which will 

provide confidence to support investment in production).121 

In addition, the National Growth Fund – a €20 billion fund to invest in infrastructure, innovation, etc, 

which was established in 202 – has made funding commitments to scale up the use of hydrogen and 

green energy in industrial sectors, with an investment of €338 million.122 ‘The proposal concerns a fully 

integrated approach taken by companies, government agencies and knowledge institutions active in this 

sector, including a comprehensive and coherent research and innovation programme and an education 

agenda... The public investment should create a strong and flexible hydrogen ecosystem that will form 

the basis for the scaling-up of hydrogen and electrochemistry…  More research and innovations will be 

needed to allow us to use green hydrogen efficiently and more cheaply eventually. This will also present 

the Netherlands with interesting revenue models, in which the country may produce the products or 

become their international distributor.’ 

Norway 

Norway is a small advanced economy, with a similar population to Scotland but with a much higher per 

capita income.  This difference is largely due to the oil and gas reserves.  Norway has used its oil and gas 

income to build up national reserves, which provide options for government funding of the green 

transition.  As one example, it has the highest EV penetration rate in the world because of aggressive 

financial incentives.   

There is active political debate about decommissioning existing fields.  This is still unresolved, with some 

arguing that Norway is an efficient, low emissions producer of oil and gas relative to other potential 

locations to which this activity would be displaced. 

Norway has one of the highest shares of renewable energy in electricity generation; and is exporting 

energy to other countries in Europe through undersea cable.  Much of this renewable energy comes 

from hydro-energy.  Installed hydropower capacity in Norway in 2021 was 33.2 GW; installed wind 

power capacity was 4.2GW.  Less than 1GW of installed capacity of renewable capacity was added in 

2021.123 

Norway has half of Europe’s reservoir storage capacity, and more than 75% of Norwegian production 

capacity is flexible; which is an important asset given the intermittent nature of wind and solar. 

The Norwegian power system is closely integrated with the other Nordic systems, both in physical terms 

and through market integration.  In turn, the Nordic market is integrated with the rest of Europe 

through cross-border interconnectors to the Netherlands, Germany, the Baltic states, Poland and 

Russia.124  There are interconnectors with the UK; allow the UK access to hydro, and allow Norway to 

access UK electricity in dry years. 

 
121 https://www.bloomberg.com/news/articles/2022-01-20/the-netherlands-bets-on-hydrogen-after-natural-gas  
122 https://www.nationaalgroeifonds.nl/; https://www.government.nl/latest/news/2021/04/21/innovative-projects-given-
additional-%E2%82%AC1.35-billion-boost-due-to-funding-from-national-growth-fund  
123 https://renewablesnow.com/news/norway-adds-846-mw-of-wind-and-hydro-in-2021-less-than-expected-771133/  
124 https://energifaktanorge.no/en/norsk-energiforsyning/kraftproduksjon/#hydropower 
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Norway released a hydrogen strategy in 2020.125  ‘An increased focus on hydrogen in Norway is in line 

with the goal of having internationally competitive businesses which develop the technology and 

solutions addressing tomorrow’s challenges’.  For example, Norwegian companies such as Equinor are 

actively involved in hydrogen projects in the UK and elsewhere.  And many of the capabilities needed in 

the hydrogen space can be transferred from Norway’s oil and gas sector. 

Commitments have been made for demonstration projects as well as funding for innovation across the 

hydrogen value chain (from production, to CCS, and uses of hydrogen in the transport and industrial 

sectors).  The strategy does not specify domestic targets for hydrogen production.   

Norway’s focus is on developing strengths across areas of the hydrogen value chain, enabling its firms to 

sell goods and services (and IP) into global markets (Nel Hydrogen, Equinor, and others).  There is strong 

private sector leadership from Norwegian companies in the energy sector, and in other relevant 

activities.  There are some private consortia investigating the development of hydrogen infrastructure in 

Norway.  And companies in the maritime space are investing in hydrogen ships and ferries, as a way of 

developing competitive advantage. 

New Zealand 

New Zealand has a legislated target of net zero by 2050, and an (independent) Climate Change 

Commission process is underway to develop a specific pathway to get there.  However, there has been 

relatively little action to date in decarbonising the economy outside of renewable energy, where New 

Zealand has a very high renewables share of electricity generation (~90%).  This renewable capacity is 

importantly due to major investment from the 1970s (initially state-led).  Much of this is hydro, although 

wind (and geothermal and solar) are becoming more important elements.  New Zealand has not 

deployed offshore wind at scale:  onshore wind farms are cheaper, but New Zealand has substantial 

offshore wind capacity. 

A limited emissions pricing scheme has been implemented, but there are few other incentives for 

emissions reducing activity (such as incentives for EVs or placing solar panels on housing roofs).  New 

Zealand has moved cautiously in implementing policy to accelerate a transition out of emissions 

intensive activity; although there is a commitment to decommissioning oil and gas fields.   

Despite substantial renewable energy production, New Zealand has relatively little technology capability 

around renewables – with few New Zealand firms that are active in international markets.  And although 

some New Zealand firms bought wind farms in Australia and elsewhere, these have largely been sold 

down.  New Zealand is more a consumer than a producer of renewables technology.  Some advisory 

services are exported around geothermal energy, but this is not at scale. 

This sector is relatively capital intensive, with a limited New Zealand supply chain.  It has not produced 

many incremental jobs.  And more broadly, there is little economic activity around reducing emissions 

(even in agriculture, an important sector for New Zealand) or green energy solutions. 

However, there is possibility for a shift in economic structure if Tiwai Point closes down; this is a large 

aluminium smelter (owned by Rio Tinto) that relies on cheap hydro energy; it consumes 13% of total 

 
125 Norwegian Ministry of Petroleum and Energy Strategy, Norwegian Ministry of Climate and Environment, ‘The Norwegian 
Government’s hydrogen strategy: towards a low emission society’, 2020.  



    

The Economic Opportunity for Scotland from Renewable Energy & Green Technology 60 

electricity production.  It employs 800 people directly, but has no deep supply chains into the NZ 

economy – raw alumina is imported, smelted into aluminium, and ~90% is exported.   

There have been several proposals for alternative uses of this hydro energy if this plant closes: creating 

a pumped hydro facility, or using it for data centres and other industrial facilities.  Indeed, a recent 

investment has been made to allow for the development of a large data centre in rural Southland, 

adjacent to major sources of renewable energy.126  

New Zealand is at an exploratory stage on hydrogen; it has developed a vision statement and is 

developing a hydrogen roadmap.127  There are several demonstration projects and pilots that are being 

established, some of which have received some government support.  Some small scale green hydrogen 

facilities have been developed, with the aim of helping to decarbonise transport and some industrial 

uses.  Over time, the aim is to build a supply chain.  But this is using foreign capital and technology.128   

Overall, New Zealand is an example of a consumer of green technology – and without a deep innovation 

programme.   

Overall messages 

There are three common themes that I take from these leading small economies that are instructive for 

Scotland. 

First, many small advanced economies see substantial economic opportunity from the transition to net 

zero – and see advantage in moving quickly to help their firms develop leading positions.  However, the 

extent of this commercial opportunity depends on the existing state of capabilities and strengths.  For 

example, Denmark, Norway, and the Netherlands can see substantial gains because of their positions in 

renewable energy and the hydrogen economy; these benefits are less clear for New Zealand, which is 

more of a consumer of renewable technology but that has not developed positions of competitive 

advantage in these activities.   

Second, sustained, aggressive policy support is required to capture this value.  Governments need to 

commit to a strategic direction, specify targets, and to be prepared to allocate resources and policy 

attention to drive the transformation.  Ideally, this government action should be integrated into a 

broader sense of economic strategy.  Without policy support, the value that can be captured is much 

less – and much later in coming.  New Zealand is an example of a country that has not provided support 

and has not captured value, Denmark provides a counter-example. 

Government involvement is required because certainty is required (on pricing, regulatory treatment) 

and because supporting infrastructure is required.  Governments also need to be involved in capex, and 

in supporting the transition in labour markets, and so on.   

Third, the level of ambition (and of policy support) is increasing.  There are aggressive plans to 

accelerate this, particularly in Europe.  Net zero has been a catalyst for more aggressive action.  In 

 
126 https://www.stuff.co.nz/business/127020332/land-bought-for-1-billion-bid-to-turn-southland-into-global-it-hub  
127 https://www.mbie.govt.nz/building-and-energy/energy-and-natural-resources/energy-strategies-for-new-zealand/a-vision-
for-hydrogen-in-new-zealand/roadmap-for-hydrogen-in-new-zealand/  
128 https://www.nzherald.co.nz/rotorua-daily-post/news/new-zealands-first-green-hydrogen-plant-begins-production-near-
taupo/EWBLYNNO67VTD4IV4TVOBOSCLE/  
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addition, this is seen as a central part of the post-Covid economic strategy in some (not all) advanced 

economies.  For example, the European Commission has proposed €750 billion for a broad-based Next 

Generation EU recovery instrument, with the fund incorporating a policy focus on the European Green 

Deal and digital transition.129  

 

  

 
129 https://ec.europa.eu/info/live-work-travel-eu/health/coronavirus-response/recovery-plan-europe_en  

https://ec.europa.eu/info/live-work-travel-eu/health/coronavirus-response/recovery-plan-europe_en


    

The Economic Opportunity for Scotland from Renewable Energy & Green Technology 62 

6. THOUGHTS ON IMPLICATIONS FOR SCOTLAND 

Introduction 

This closing Chapter offers some perspectives on the implications for action to capture economic value 

from renewable energy and green technology in Scotland.  What are the strategic choices and issues 

that need to be considered?  What should be the focus of policy to capture maximum economic value?  

And how should actions on renewable energy and green technology be integrated into Scotland’s 

economic strategy? 

An overall statement of strategic direction 

A substantial amount of analysis has been produced over the past several years on the economic 

potential of renewable energy and green technology in Scotland, including multiple policy statements.   

A structured overall approach is now required to position Scotland to capture full economic value.  

There are multiple investments and policy decisions that need to be made, across a broad range of 

policy domains.  And strategic choices need to be made in terms of where to allocate capital and policy 

resources.  Small economies like Scotland cannot do everything because of limited labour, capital, 

capabilities, infrastructure, and so on.   

This suggests the importance of developing an overall strategic direction, building on the individual 

policy statements (onshore wind, offshore wind, hydrogen) that have been prepared.  This should 

provide clarity on the strategic choices that will be made, the level of aspiration, consequent resourcing 

requirements, and so on.  What is Scotland going to do, and what it is not going to do?   

Decisions on the strategic direction in terms of how to specify and prioritise targets across different 

types of renewable energy are important, so that capital and other scarce resources can be invested to 

best effect (rather than investing in a direction that cannot be sustained).  The choices made today will 

shape the options that are available in a couple of decades; and Scotland should be playing the long 

game rather than investing in quick wins. 

There is substantial uncertainty (technology, competition, etc), so committing to a precise trajectory is 

not possible or desirable.  But acting to keep all options fully open – and investing across all domains 

simultaneously – may also create risks as Scotland will not be able to develop distinctive capabilities.  A 

broad approach makes it more likely that sub-scale investments will be made, leading to inefficiencies.   

The strategic choices that the analysis in this paper suggests are relevant are: 

▪ A strategic view on the overall ambition and preferred portfolio of renewable energy 

investments: how to balance investments in offshore wind against other renewables such as 

onshore wind and solar? 

▪ The choice between investing in green v blue hydrogen, and consequential support for CCS – 

and at what volumes?  If offshore wind provides capacity for substantial green hydrogen, which 

will soon be cost-competitive, should investments be made in the blue hydrogen ecosystem, 

even on a transitional basis?   
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▪ What are the supporting strategic investments that need to be made to support the expected 

portfolio of renewables: ports, grid, etc? 

▪ What is the plan for strengthening the supply of labour and capital?   

▪ How does Scotland’s preferred pathway intersect with the current UK regulatory system, and UK 

decisions on strategic investment?  What reforms and changes are priorities for reform?   

Capturing full value 

The analysis in this paper suggests that there is substantial economic value associated with renewable 

energy and green energy.  However, the economic value associated with the renewable energy 

production process (described in Chapter 1) is relatively limited compared to the contribution of the oil 

and gas sector: perhaps ~3.5% of GVA from the mid-2030’s compared to ~12% for the oil and gas sector 

today.   

This is clearly still a meaningful economic benefit, but it suggests that focus and attention should also be 

placed on capturing the horizontal benefits from related activities in the Scottish economy as well as the 

vertical benefits from renewable energy.  It seems likely that the economic value from these horizontal 

activities will be larger than from the renewable energy ‘vertical’. 

In particular, there is substantial potential value from developing a competitive position in green 

hydrogen.  And there are also important economic benefits from using a position in renewable energy 

and green technology in strengthening the competitiveness of the Scottish economy – from supporting 

existing Scottish firms, attracting new FDI, developing new clusters (e.g. digital), and so on.  Renewable 

energy can be a central part of driving a broad transformation of the Scottish economy.   

However, these areas are deeply competitive international spaces, and will require significant 

investment.  And Scotland faces some constraints associated with a relatively limited set of policy 

instruments, a constrained government balance sheet, and so on.  This means that Scotland will need to 

be distinctive, by moving fast and ambitiously.  To accelerate this pathway, Scotland needs to attract 

foreign capital, technology, and skills that can anchor this activity in Scotland – as well as supporting the 

strengthening of local capabilities.   

There is a window of opportunity for Scotland to position itself as a leading location for these activities: 

renewable energy, but importantly also hydrogen and the use of renewable energy in broader 

applications.  Other countries in the region are moving quickly, and the window of opportunity for 

Scotland to be in the front rank of players in the broader, horizontal set of renewable energy activities 

will not be open indefinitely.    

Integration into Scotland’s economic strategy 

The scale and breadth of the economic potential for renewable energy and green technology in Scotland 

means that it should be a core part of Scotland’s economic strategy.  Relative to other externally-

oriented growth sectors in Scotland (life sciences, professional/financial services, food and beverage, 

tourism, digital), renewable energy and green technology has the ability to transform the Scottish 

economy – in both a direct sense and in terms of its horizontal impact.   
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But this economic value will not be captured spontaneously.  It will require aggressive, sustained action 

across a broad range of policy instruments.  To give a few examples: 

▪ capital support: purposeful use of the government balance sheet, directly as well as through 

government entities such as the National Investment Bank and Scottish Enterprise.   

▪ labour market, skills, migration: to provide as many people as possible, with the right skills, to 

work in these activities. 

▪ allocation of research and innovation funding, alignment of research universities behind priority 

areas 

▪ horizontal activities: FDI policy, enterprise support to help Scottish-based firms (local and 

foreign) to leverage renewable energy. 

▪ developing international relationships with other governments  

It is important that this be an explicitly Scottish economic strategy.  From a Scottish perspective, these 

activities are both much more material than in the broader UK (as a share of GVA) as well as having a 

different focus (the role of offshore wind, the export potential for green hydrogen).  Renewable energy 

and green technology, including the related horizontal activities, will be a much more central part of 

Scotland’s economic strategy than their UK-wide equivalents. 

A high level view should also be formed on the overall composition of the Scottish economy.  Aggressive 

expansion of the renewables sector will require resources from other parts of the Scottish economy.  

Understanding the trade-offs involved is an important consideration in calibrating the aspiration and 

extent of support with respect to renewable energy and green technology.   

Small economies tend to have relatively concentrated export structures because they can only develop 

strong positions of competitive advantage in a limited number of areas.  But this raises the economic 

risk profile: idiosyncratic shocks to that sector (due to new competition, technology, loss of demand) can 

have a major economic impact.  So careful thought should be given to the overall structure of the 

economy, and accompanying risks should be managed.  There is substantial potential economic upside 

from renewable energy and green technology, but also substantial risks and uncertainties. 

Scotland has existing economic strategy documents.130  The green economy/net zero is mentioned as a 

priority in these documents, but more sharpness around the scale of these green activities and the 

supporting policy instruments would be useful.  To capture full economic value from the potential 

pipeline of activity will require something that looks more like focused industry policy – to support a 

transformation of Scotland’s economic structure and performance. 

Another reason for integrating the renewable energy and green technology sector into a broader 

economic strategy is to support coordinated decision-making.  It is important to get stakeholders 

aligned on the strategic direction, and on the pace and scale of investments that will be required.     

 
130 Scottish Government, ‘Delivering Economic Prosperity: Scotland’s National Strategy for Economic Transformation’, March 
2022; ‘Towards a robust, resilient wellbeing economy for Scotland’, Report of the Advisory Group on Economic Recovery, 2020. 
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As the scale of aspiration and investment grow, this will become increasingly important.  For example, 

the decision to super-size ScotWind has substantial strategic implications for Scotland – requiring 

significant complementary investments (including by governments) and shaping the future options that 

are available (for example, around green hydrogen).  It also has implications for Scotland’s positioning in 

attracting and developing new economic activity. 

The development of these activities also has the potential to move Scotland’s economic model closer to 

those of other high-performing small advanced economies.  Small advanced economies require a strong 

presence in externally-oriented activities: these are the productivity growth engines of small economies, 

allowing them to overcome the constraints of a small domestic market.  This is the attraction of floating 

offshore wind, green hydrogen, and tidal stream energy – in different ways, all have the potential to be 

substantial export activities.  And to sustain a competitive position in international markets – and to 

capture economic value – it is important that small economies operate in knowledge intensive activities.  

Overall 

Renewable energy and green technology offer the potential for the economic transformation of the 

Scottish economy.  To capture full economic value, Scotland should move quickly and with a clear view 

on how renewable energy will be integrated into its overall economic strategy.  But hard choices will 

need to be made about how and where to invest: Scotland cannot do everything.  Small economies are 

doomed to choose.  

Capturing economic value from this transition will be a multi-decade journey, and it is important that 

Scotland has a sharp sense of strategic direction.  Policy and capital will then need to be aligned behind 

this direction in a coherent, sustained manner.  

The transition is proceeding at pace in many countries around the world, with substantial capital being 

deployed.  Denmark and the Netherlands offer clear examples in terms of the speed and scale of 

ambition.  Scotland needs to move at speed to capture value.  The vast renewable energy resources that 

Scotland has should not lead to complacency about the ability to capture economic value.  Scotland will 

need to wok hard across a broad range of policy dimensions. 
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