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Abstract

The Scottish electricity network is currently in a transition towards becoming 100% renewable.
Offshore wind, due to a large natural resource, is expected to be key in this transition. In addition to
the anticipated environmental benefits, increasing the share of offshore wind is expected to bring
economic benefits to the region. In this study two multi-sectoral modelling methodologies — Input-
Output (I0) and Computable General Equilibrium (CGE) — are used to measure the potential economic
impacts on Scotland arising from both the construction and operation of the planned increase offshore
wind capacity between 2018 and 2025, with comparisons made between models and development
stages. With the focus on the benefits to the Scottish economy it is important to focus only on
expenditures within Scotland. Found using both 10 and (forward-looking and myopic) CGE modelling
techniques, is increasing offshore wind capacity raises both employment and Gross Value Added
(GVA) with the magnitude and timing of this change critically depend on model type and closure. This
is the first — to the author’s knowledge — of a Scottish specific modelling which helps policy makers
understand those elements which could affect the possible economic success of current policy

towards offshore wind.
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1. Introduction

In recent years, reducing greenhouse gas emissions has been at the forefront of energy policy
worldwide, with the promotion of renewable generation technologies being a key driver of change.
There is no “one size fits all” solution and technologies which governments’ have chosen to promote
are wholly dependent on available natural resources. Solar and onshore wind are two prominent
renewable technologies, while offshore wind has - especially in Europe — seen rapid growth in recent
years [1]. Offshore wind developments, due to the nature of the resource, are usually large scale
projects requiring significant investment and as such not only bring environmental benefits to a
region/nation, but offer the potential for economic benefits — a key pillar of the energy quadrilemma

[2].

The objective of this paper is to estimate the potential economic impacts arising from planned
offshore wind developments in Scotland, with a focus on the developments which are to be
operational by 2022. For these planned developments estimates of the total expenditure in Scotland,
using information on planned projects and ‘local content® are developed, with this information and
models then used to capture the economic impacts to Scotland. In this study two ex-ante economic
methodologies — Input-Output (I0) and Computable General Equilibrium (CGE) — are employed to
estimate the economic regional impacts of increasing Scottish offshore wind capacity. There is a large
literature on measuring the economic impacts of renewable energy developments [3, 4]. One stimulus
to this literature has been the desire to show policy makers the link between energy development and
the economy. Jenniches [5] notes that it is important to focus on regional development as — is the

case with Scotland — planning decisions for renewable energy project is often taken a regional level.

This is an important contribution for a variety of reasons. Firstly, the Scottish Government has set
ambitious targets (higher than those of the UK as a whole) for renewable energy and carbon reduction

while claiming that this has the possibility:

“To reindustrialise Scotland through 21st century technologies and seize the opportunities to create

tens of thousands of new jobs and secure billions of bounds of investment” [6].

Secondary, Scotland has one of the highest offshore wind resources in the world — 25% of all European
resource [7] —and offshore wind development will be essential if Scotland is to achieve the renewable

energy and carbon reduction targets. Even with this large resource, to date, the development of

! Local content is defined as the percentage of total expenditure within the region of focus (REF)



Scottish offshore wind has, due to technical and environmental reasons, lagged behind the rest of the
UK. There are however several projects in planning/development that will be operational by 2025,

requiring significant investment, which could have economic consequences.

Because of the importance to both energy policy and economic development there are several paper
which investigate the regional economic impacts of renewable developments. Jenniches [5] reviews
54 publications from: across the UK, USA, Spain, Germany and Austria and find that regional economic
impact measurement methodologies are wide varying with many papers focusing on wind and marine
technologies. This review identifies 10 modelling as the predominant methodology in economic

analysis.

Within a Scottish context, several papers have undertaken ex ante analysis of the possible economic
impacts arising from a range of renewable technologies. Marine (wave and tidal) energy and the
impact on the Scottish Economy has been the focus of two papers which use a combination of 10 and
CGE [8][9]. Okkonen and Lehtonen [10] investigates, using an |0 methodology, the regional impacts

of community owned onshore wind.

|ll

Further afield, The National Renewable Energy Laboratory (NREL) has developed several “Jobs and
Economic Development Impact” (JEDI) 10 models to determine the economic impacts of projects
within the USA, with these JEDI models able to model impacts on the different regions [11] using a

range of 10 databases.

As outlined above economic modelling techniques have been used extensively in the literature to
demonstrate the linkage between renewable energy developments and the economy. From the
review [5], this is — to the author’s knowledge - the first paper to consider the regional impacts of the
construction and operation of offshore wind through both 10 and CGE models. While other papers
have measured the UK benefits of offshore wind [12] the focus of this paper is on only the impacts of
one region of the UK (Scotland) using real local content evidence. This is important to regional policy
makers as, detailed below, are part responsible in the granting of such project’s thus is advantageous

for regional economic benefits to be identified.

Secondly, with the difficultly of data acquisition, many studies rely on high level information on
regional content to carry out macroeconomic assessments. In this study information is obtained on
the Scottish content of project broken down by stage of project development (survey, turbine blades,

vessels, etc.).

Finally, different modelling techniques are used in measuring the economic impacts of offshore wind

in Scotland. The approach is most similar to Allan et al [8], which looks at Scottish marine energy. That



paper focuses solely on the expenditure associated with the construction stage of projects, and finds
that results produced by IO models are always larger (than those using CGE). In this paper both the
construction and operational expenditures are included. This uncovers a critical result: including
spending during the operational lifetime of these projects, the economic impacts from CGE analysis
(in myopic specifications) are greater than those under I0 modelling. This demonstrates the
importance of looking beyond the construction period of projects in assessing economic impacts. We

will explore whether this still holds when OPEX expenditures are considered.

This paper proceeds as follows. Section 2 outlines recent developments in Scottish energy policy and
the support for renewables, as well as a description of wind energy in Scotland. Section 3 then outlines
the expenditures associated with the development of Scottish offshore wind capacity between 2019
and 2022, and the modelling frameworks used to capture the impact on Scottish economy of those.
In Section 4 results are shown and discussed while Section 5 concludes the paper and notes directions

for future research.

2. Energy policy and Scottish offshore wind energy

Scotland is a nation within the United Kingdom however, under the 1989 Electricity (Scotland) Act,
(many) electricity matters are reserved to the UK Government. Uniquely, Scottish policymakers have
the ability to grant or withhold planning consent for overhead transmission lines, and generation
stations over 50MW, giving the Scottish Parliament a level of autonomy in shaping a devolved energy
policy [13]. With a greater level of natural resource the Scottish Government has set stricter energy
targets than the UK Government. Scotland has set the target to reduce greenhouse gas emissions by
70% by 2030 [14], 13% higher than the UK overall target for the same year. The Scottish Government
has set the ambitious target of the equivalent of 100% of gross electricity consumption being
generated from renewables by 2020 [15]: at the end of 2018 74.6% of Scottish gross electricity

consumption was met by renewables.

Published in 2017, through consultation with a wide range of parties, the Scottish Energy Strategy [16]
sets out the Scottish Governments vision towards a low carbon society by 2050. Within the strategy
there are several futures identified, all of which note that offshore wind will play an increasingly

important part.

While the Scottish Government does have some ability to shape energy policy, the support
mechanisms for renewables are set by the UK Government. Since 2014, the main support mechanism
for new large scale renewables (including offshore wind) has been the Contracts for Difference (CfD)

scheme, seen as the direct replacement for the ROCs scheme and with the intention to decrease cost
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to consumers through lowering the cost of electricity through competition, while provided long-term
financial stability to project developers. This expected reduction in cost has already been found in the
offshore wind sector through each round of CfD auctions. In 2014 offshore wind farms won CfD with
a price of whereas, with the most recent auction, both Moray East and East Angelia wind farms were

awarded CfDs at a price of £57.50/MWh [17].

Scotland boasts some the best wind resource (both onshore and offshore) in the world, with an
estimated 11.5GW of onshore capacity potential which could deliver 45TWh of electricity per year
[18]. With such as resource, and technological advancement, in the last 10 years? onshore wind

capacity has grew more than 400% with an installed capacity of 7.8GW [19].

Offshore wind resource in Scotland is even larger than onshore, however the growth has been much
slower with a capacity of 623MW by the end of 2018 [19]. Scotland has been lagging behind the UK as
a whole due to both technical (harsher operating environments) and environmental problems.
However, as of 2018, several wind farms were “in development” outlined in Table 13 - which are the
focus of this study. The data from this table is used to inform the calculation Scottish offshore

expenditures (detailed in Section 3.3).

Development Size (MW) Completion date
Aberdeen Bay 100 2018
Beatrice 588 2019
Inch Cape 750 2021
Moray East (Phase 1) 504 2022
Neart Na Golthe 450 2022

Table 1: Offshore wind farms In Scotland [20].

3. Models

As noted in Jenniches [5] there are two main modelling methodologies used for examining the

potential economic impacts of increased expenditure related to energy developments within a region:

demand-driven 10 and CGE. Both of these are useful frameworks as system-wide models allowing for

2 End of 2008 to End 2018
3 The focus of this study is on fixed offshore wind farms only. Floating offshore wind is not accounted for,.



the interdependencies between different parts (sector) of the economy to be captured, and show the
sectoral disturbance of expenditure changes. This section sets out first, both modelling framework
used in analysis, and second, how to estimate the spending associated with offshore wind
developments in Scotland which is then introduced to these models to produce the results seen in

Section 3.3.

3.1 Input-Output (10) Model

Fundamentally I0 models are based on a set of simultaneous equations which records the sectoral
linkages of an economy in an 10 table, from the Leontief inverse can be produced matrix, (I — A)‘1

[21].
X1 = a1 Xy +apXi+. +aXa + fi
Xy = a1 X7 + aXot+. +anXs + fo
Xp = anXn + apXn+. . FaXn+ 1

Xi is the output of sector i and aj is a coefficient which represents the output of sector i needed to
produce the one unit of j, calibrated using information from an 10 table. fiis the output of sector i

satisfying sales to final demand. In matrix notation this can be represented by:
X=AX+F
and rearranged to:
X=U-A)"F
AX = (I — A)7AF

I is an identity matrix, with (I —A)™! the Leontief inverse matrix representing the sectoral
interdependencies within the economy. An exogenous change in final demand will, through the
Leontief inverse matrix, stimulate changes in sectoral output across the whole economy. Demand
driven IO can be used to measure the effect of an increase in demand on different economic variables
— in particular output, employment and GVA — through the use of multipliers. Through adding

coefficients can measure the change in a range of variables, including employment?®.

There are two variations of the demand-driven I0 model (Type | and Type II), which differ in their

treatment of households’ incomes and expenditure. For Type | specification the household sector is

4AM = m;(I — A)~1AF, where elements within M reveal the impacts on employment at the sectoral level.



treated as exogenous to the model and is not included in the A matrix. A Type | multiplier captures
the “direct” (the initial change in demand) and “indirect” changes (those changes stimulated across

the sectors in the economy) resulting from a unit change in final demand for the output of a sector.

Type Il analysis incorporates an additional term: the “induced effect”. An increase in the final demand
requires some degree of increased labour input, reflected in increased payment to compensation of
employees. This in turn will generate additional increases — due to households having an increased
level of incomes to spend - in final demand and thus output. This effect is calculated by ‘closing’ the
I0 modelling to endogenise household consumption; expanding the A matrix to add a row and column

representing household labour inputs and consumption [21].

With demand-driven IO model there are two fundamental assumptions. The first is the assumption of
fixed technical coefficients whereby (sectoral) output is always generated through the same pattern
of sectoral inputs. |0 models do not allow for substitution between inputs to production e.g. if sector
i provides 50% of inputs into sector j, for any change in the size of sector j, this ratio will hold. Secondly,
in demand-driven 10 models the supply side is assumed to be completely passive: changes in economic
activity only attributed to the change in demand. This assumes that the increase in demand is always
met without increasing pressure on prices, wages or labour supply. In a CGE model, which explicitly
models the supply-side with the demand-side of the economy, these restrictions can be relaxes.
Because of these constraints demand driven |0 models can be thought of as a special-case of CGE

models [22].

Given the large expenditures necessary for offshore wind developments, it would be expected that
there will be not only demand-side impacts but also supply-side impacts. The development of Scottish
offshore wind capacity will increase the demand for labour, for instance. Both the |0 model and CGE
(with different closures) will give different levels of employment — which can be viewed as
benchmarks. With no supply side constraints, IO benchmarks the employment related to the increase
in demand throughout the economy with no changes in prices. However, with through the use of CGE
models supply-side constraints (such as wages and labour supply) are introduced which impact
employment related to increases in demand. An increase in demand for product in the economy will
drive up prices (including wages) which attracting migration increasing the labour supply, thus
impacting employment (supply-side) impacts. Through the use of production functions other than

Leontief, CGE allows for substitution between inputs which are determined by relative prices.



3.2 The AMOS CGE

This AMOS framework has been used in a number of applications [23][24] and allows for a degree of
flexibility in choice of model closures and parameters. The model can be run with either a myopic or
forward—looking specification with the expectation of agents differing. This means that the
produced results show the economic impact of the same set of demand disturbances under both
model closures. In the myopic specification agents have adaptive expectations whereas in the forward

looking specification, firms and consumers have perfect foresight.

Fundamentally, the model assumes that producers minimise cost using a nested multilevel production
function. The combination of intermediate inputs with RUK and ROW inputs is based on the Armington
function [25]. Output is produced from a combination of composite intermediates and value added,
were labour and capital combine in a constant elasticity of substitution (CES) function to produce value

added, allowing for substitution between these factors in response to relative price changes.

The production structure for all sectors, apart from electricity supply, is the same with this being
illustrated in Appendix A. In this standard production function intermediate® goods are a combination
of non-energy and energy goods, with the energy composite separated in electricity and non-
electricity goods. In the next nest electricity is a combination of coal and non-coal, with non-coal being

made up by oil and gas.

Electricity inputs are unique in this version of the model. All sectors, except electricity supply, purchase
electricity from the electricity supply sector, thus the production structure in Appendix B. This
electricity supply sector however purchases from generation technologies directly meaning a more

complex production structure.

Most of the electricity supply production structure is similar to that for the other 16 sectors in the
model, the difference being that the energy composite — specifically with electricity - has been
separated further.. Electricity is a combination of intermediate and non-intermediate generation
functions with each being made up of different technologies. The intermediate function has both
onshore and offshore wind along with marine renewables while non-intermediate has seven
technologies: coal, gas, pumped hydro, nuclear, marine and biomass — separated into low carbon and

coal generation. Using this two production structure, the electricity supply sector acts as an

5 Energy has been incorporated into the model as part of intermediated goods [26].



intermediate between the electricity generators and other sectors. This is similar to the electricity

market where consumers purchase electricity from suppliers rather than directly from generators.

There are four components of final demand in the model: household consumption, investment,
government expenditure and exports. Household consumption is a linear function of real disposable
income. Government expenditure in the model is constant in the model, while exports are determined

by an Armington function [24] thus are dependent on relative prices.

All simulations are run in a multi-period setting, with the periods interpreted as years as both the SAM
and behavioural relationships are benchmarked using annual data. The model is initially assumed to
be in steady-state equilibrium, implying that with no exogenous disturbances, the model simply

replicates the initial value over all subsequent time periods.

The supply-side of the economy determines the use of capital and labour in the model. Capital is fixed
in the first period but in subsequent periods each sectors sector’s capital stock is updated through
investment. Inthe myopic specification investment is set as a fraction of the gap between the desired
and actual (adjusted for depreciation) level of capital stock — in line with the neoclassical investment
formulation [27]. For investment decisions within the forward-looking model the rate of investment
is a function of the ratio of the value of firms to the replacement cost of capital [28]. In the framework

the path of investment is modelled as:

Max So pe e = 1e(1+ g (x)] (1

Here a firm is maximising cash flow from a given profit 7, private investment I; and adjustment cost
g(xe).
Consumers, under the forward-looking expectation, maximise the present value of a utility using the

following life-time utility function [23].

1

tCi -1
) M (2)

U= Zg=o(

The consumption at time t is C: with o the elasticity of marginal unity and p the constant rate of time
preference. Budget constraints ensure that the present value of consumption does not excess
household wealth. In the myopic expectation, with no perfect foresight, consumption is a linear

function of disposable income.

Labour force changes in the model (both myopic and forward-looking specification) are completely

attributed to migration as there is no change in natural populations. Migration to Scotland is



determined by the gap between the Scottish and UK unemployment rates as well wages and consumer

price index. The regional economy is assumed to have zero net migration in the base year (2012).

A single labour market with perfect sector mobility is imposed on the model and it is assumed that
wages are subjected to a bargaining function whereby the wage is directly related to workers

bargaining power, which is taken to be inversely related to the unemployment rate.

3.3 Scottish offshore expenditures.

There are three main stages of expenditure in the development of offshore wind capacity - DEVEX
(development) CAPEX (construction) and OPEX (operation). Estimates are needed of each for each
Scottish offshore wind development. The modelling specially requires information on three pieces of
information: the scale of spending associated with the wind farms under consideration; the timing of
expenditures associated with these projects; and the category of spending and the portion of each

category of expenditure made in Scotland.

Renewables UK publish annual reports detailing the timeline and capacity of offshore wind farms in
Scotland, combining this information with the valuation of cost per MW, the total expenditure per
wind farm is calculated. Due to the complexity of development the cost of MW can vary greatly
offshore, for Scotland an estimate £4 million per MW is used — in line with previous studies but higher
than the UK as a whole® [29]. The environmental conditions experienced by Scottish offshore wind
development are harsher than the UK as whole, requiring more infrastructure which acts to increase
both capital and operation costs. However these location also contain higher wind resource meaning
that, even with higher costs, the levelised cost of Scottish offshore wind remains competitive with the

rest of the UK [30].

Capital expenditures on offshore wind devices fall within a number of different categories. The
breakdown of these cost varies depending on a number of factors with location being key. For the cost
breakdown of Scottish offshore windfarms information available from [31] [32] is used which
estimates turbine costs to be around 39% which is in line with the other studies throughout literature

[33]. Figure 1 outlines this cost breakdown.

5 The higher estimate accounts for the harsher environments of development in Scotland
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0.27% 0.60% 0.34% 2.19%

5.67%
= Environmental Survey = Sea bed survey Met Mast Development services
m Turbines = Foundations m Array cables m Export cables
m Offshore substations = Onshore electrical m |nstall + Commission

Figure 1. DEVEX AND CAPEX breakdown per MW

Along with the cost breakdown there is also need for a timing breakdown as capital costs are typically
distributed over a number of years. Through investigating several Environmental Impact Assessments
(EIA) its estimated that full development of a ‘generic’ UK offshore farm, from pre-development to full

installation - takes six years with a yearly capital cost breakdown summarised in Table 2.

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

0.37% 1.82% 16.43% 32.12% 27.13% 22.11%
Table 2. Yearly breakdown of CAPEX costs.

Operations and maintenance (O&M) costs ARE made during the lifetime operation of the windfarm to
ensure optimum output. In each of the simulations the assumption is made that each MW of capacity

will be operational for 25 years at a cost of £66,229 per MW per year [34].

Key in determining the regional impacts of Scottish offshore wind developments is the proportion of
expenditure kept within Scotland, i.e. local content. Establishing local content can be difficult; at the
time of writing, there is only publically available information on the local content of one operational
Scottish offshore (Robin Rigg, built in 2012) [35]. This farm is nearshore, and so the pattern may be

quite different for future (further from shore) farms. Through consultation with developers, the local
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content for a ‘generic’ Scottish offshore wind farm is determined to be 17.06%’ and an operational

local content of 38%8.

Each stage of offshore wind development expenditures takes place in a number of sectors. As such a
conversion is carried out using the offshore wind bridge matrix linking categories expenditures to
industrial sectors. This bridge matrix converts the spending at each stage of development to SIC codes
found within 10 tables and is found in the Appendix C. In the matrix each stage is related to various
Standard Industrial Classification SIC codes based on expenditure shares. Figure 2 shows the
expenditures introduced into the model by period separated into five broad industrial sectors:

manufacturing, electricity, construction, services and transport.
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Figure 2. Expenditures introduced into model, £ million per year

These are the expenditures of all goods and services purchased within Scotland for all modelled wind
farms. Peak expenditure occurs at in 2021, relating to the construction of the two largest wind farms
- Moray East and Neart Na Gaoithe. By 2023 all wind capacity has been installed and the expenditures

reduce significantly with most of relating to the electricity (mostly offshore wind) and service sectors.

7 As this is ‘averaged’ numbers the local content for individual farm may be different. Indeed increased
increasing local content is of specific interest in recent energy policy such as the offshore wind sector deal [36]
8 [37]investigates the importance of local content assumptions
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3.4 Database and simulation strategy.

Fundamentally, the simulations using 10 and CGE models use much of the same information®. The
Scottish Government regularly publish annual IO tables, with the 2012 table being used for the analysis
of Scottish offshore wind. As displayed in the offshore wind bridge matrix, some of the expenditure is
related directly to the offshore wind sector, thus it is advantageous to use an electricity disaggregated

|10 and CGE model, otherwise this would be included in the aggregated electricity sector.

As a comparison against the |0 method, this paper uses a version of the CGE modelling framework
AMOS [23] calibrated on a 17 sector Social Accounting Matrix for Scotland containing 13 energy
focused sectors. In addition to the 17 sectors/commodities, within the model there are three internal
institutions - households, firms and governments - and two external transactors, the rest of the UK
(RUK) and the rest of the world (ROW). Scotland is considered to be a small open economy and it is
assumed that it has no impact on international and inter-regional markets such that RUK and ROW
prices are exogenous. Commodity markets are assumed to be competitive. Financial flows are not
explicitly modelled, and the interest rate is assumed to be exogenous. Figure 3 outlines the simulation

strategy of the CGE model.

% The SAM for the CGE is an extension on an 10 table which records the linkages between institutions
(households, governments, corporations) and the rest of the economy.
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Economic theory SAM database Exogenous parameters

(extension of 10 table)

(detailed in Section 3.2) (detailed in Section 3.2)
CGE model
% Baseline calibration
change
Shock
(Section 3.3)
New Equilibrium

Figure 3: Computational process of CGE modelling.

Before any simulations are run a calibration is carried out by running the model without the
introduction of any policy or exogenous demand shocks. This allows the model to reproduce the
original data set (SAM) while setting up a reference equilibrium and key to the modelling, calibrate

the parameters.

In both, the 10 and CGE model, the offshore wind developments expenditures — given in Figure 2 - are
introduced into the model as a series of exogenous demand shocks to individual sectors in each of
these years. 10 impacts are estimated using the method outlined in Section 3.1. In the CGE model the
shock induce price variations, affecting the consumption and productions and services until a new
equilibrium point is reached. For both 10 and GGE the model is run forward for a total of 50 periods

(years) so the timing of economic impacts attributable to these expenditures can be understood.
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4. Results and discussion
4.1 Cumulative impacts

The results can be separated into three distinct time periods: those during project development and
construction (2015-2022); during operational and maintenance (2023-2048) and legacy in the period
from 2048 onward, after expenditures cease. These can further separate the 10 modelling results into
direct, indirect and induced. Below shows the cumulative (non-discounted) results on employment in

Figure 4.

Myopic
Forward Looking
10 Total

10 Induced

10 Indirect

10 Direct

Illlll”

o

10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000
Employment (FTE)

Total Legacy M Operation M Construction

Figure 4. Absolute cumulative impacts for Employment, FTE

The introduction of expenditures leads to an increase in employment in Scotland in all three
simulations. Total 10 employment impacts are much larger that the CGE simulations at the
construction stage — as the 10 model is not limited by the supply side and solely demand driven, and
the expenditures are largest at this stage. Comparing the 10 results, the direct impacts account for
47.9% of totally impacts with indirect 14.2% and induced 37.9%. The construction stage represents
60.30% of total indirect |0 impacts indicating that the Scottish offshore wind supply chain in much

more active in the construction stage than the operational stage.

The myopic simulation has the largest overall employment with 82,393 compared with the total 10

impact of 57,498 FTEs and forward-looking 45,181. Most of the myopic employment impacts (78.6%)
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is attributed to the period in which the offshore wind developments are operational. Myopic
simulations are reactive thus during the construction stage there is a build of labour supply and capital
stock which reduces over an extended period of time. In the 10 model the impacts are determined by
the expenditures, which are much lower during the operational stage hence the lower yearly
impacts'’. In the CGE model with forward-looking behaviours capital stock and labour supply do not

increase as much as myopic with their reduction occurring quicker during the operational stage.

Each of these modelling frameworks are used for different purposes and it advantageous to compare
the results. The purpose of this paper is not to give an exact number of the economic impact of Scottish
offshore wind, but rather the potential scale of impacts, with the models/closures acting as
benchmarks. With an 10 model impacts are solely related to the expenditure and as such during the
construction stage this modelling gives the largest scale impacts. However due to the scale of
investment the development of Scottish offshore wind is likely to impacts on prices, wages and labour
supply which is captured through the use of CGE models. Under the both closures — myopic and
forward-looking —it’s found that during the construction stage impacts are lower due with supply side
constraints. However, under the myopic closure there is a large build-up of capital stock and labour

leading to larger impacts, during the operational stage, than the 10 model.

In previous studies of Scottish offshore renewables [24] this is not the cause as only capital
expenditure is modelled. The economic impacts of an 10 model are solely related to the size of the
shock thus in our simulation in the transition to the operational stage there is a large instant reduction
in 10 economic impacts. However, with the myopic model with the supply side constraints the
reduction of impacts in slower than 10. With forward-looking closure the build-up of capital stock and
labour is not as large, thus the economic impacts are lower that both myopic and 0. Overall the

myopic simulations yield the largest impacts followed by 10 and forward-looking.

The next sections described, in detail, the economic impacts of Scottish offshore wind developments
using the three outlined models and closures. Figures 5 and 6 are the GVA and employment impacts
using the three methodologies. As 10 models do not include supply—side changes Figures 6-10 only
detail the impacts of the myopic and forward-looking closures on: wages; labour supply; household

consumption; capital stock and CPI.

10 There is larger overall impacts during operation as the time period (25 years) is much greater that the
construction period of 9 years.
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As previously identified |10 modelling is a special form of a CGE with several underlining assumptions
— most notably the passive supply side and fixed technical coefficients. With this passive supply side

the economic impacts within |0 modelling are directly related to the demand shock.

From Figure 6in 2015 and 2016 the employment impacts are very small in the |0 simulation, mirroring
the demand expenditures from Figure 2. As the expenditures begin to increase, so do the GVA and
employment impacts (Figures 5 and 6). Both the peak GVA of £410 million and employment (7,102
FTEs) are reached in 2021 — the peak expenditure year. Once all turbines are constructed there is a
large reduction in 10 impacts due to the expenditure from 2023 only comprising of operational and
maintenance elements. Finally, once the lifetime of the last turbines is reached (2049) there are no
more |0 GVA or employment impacts. In Figures 6-10 there are no 10 impacts as this modelling does

not impact prices or the supply-side of the economy
4.3 CGE with Myopic behaviours

With myopic specification the agents react to the demand shocks and prices and have no future

foresight.

Figure 5 illustrates Gross Value Added (GVA) impacts under the myopic closure are much less than 10
between 2015 and 2022. The peak of GVA, in the myopic specification, is only £178.52 million
compared with the 10 £410.67 million, with the reduction primarily caused by crowding-out effects.
With an active supply side in the CGE model both the prices and wages have increased which reduces

the competitiveness of sectors — particularly affect those with high level of exports.

Unlike in the 10 simulation where there is a large drop off in the GVA impacts once the O&M stage
starts (2023), the myopic GVA does not peak until 2023. This occurs as in the myopic simulation there

has been a large build of capital stock during construction (Figure 10).

In Figure 6 the scale of employment during the CAPEX stage is much greater for the 10 simulation than
the myopic, the peak myopic employment for the myopic is 4,323 FTEs reached 2022, 1 period after
the peak demand shock. In contrast with construction stage, during O&M the employment is actually
larger under the myopic specification than 10. Thus occurs as the myopic (unlike 10) impacts are a

results of both supply side effects and the demand disturbance.

During the construction stage of the project both the real and nominal wages are found to increase,

as would be expected. At this time there is a squeeze on employment and thus the employees are
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able to bargain for higher wages. Once construction is finished though (2023) there is a sharp fall in
the wage rates, indeed they become lower than in the initial period. With the increase in labour supply
there is more employees than required and the wage rate drops as employees cannot bargain for

higher wages at this stage.

Through design, migration is allowed within the model and the labour force will flow to (from)
Scotland if the real wage rate is higher (lower) than the national, i.e. UK, rate. From Figure 8 the labour
supply sees a large increase during the construction stage reacting to the large increase in real wages
(Figure 7). Labour supply peaks in 2023, one period after the construction stage. The peak does not
occur during the construction stage as there are still significant demand shocks and the average wage
larger than the references year thus the migration is still reacting to this, not expected the reduction
in expenditure after the construction stage. After 2022 there is a significant reduction in the labour
supply as out-migration occurs due to the fall in wages to below the baseline values. Once the demand
disturbances reduce to zero, the labour supply reaches equilibrium again at period 50 (which is the

imposed equilibrium point from the modelling).

In the myopic case the level of consumption (Figure 9) is related to household spending power. During
the construction stage of the project, there is a large increase in the household consumption,
occurring due to the wage increase found in Figure 9. At the O&M stage of the project when the wage
rate drops there is as a decrease in household consumption, however due to the lower CPI at this

stage (Figure 11) this reduction is steady.
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Figure 5. GVA impacts for planned Scottish offshore wind developments to 2022
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Figure 6. Employment impacts for planned Scottish offshore wind developments to 2022
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Figure 7. Wage rate impacts for planned Scottish offshore wind developments to 2020
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Figure 8. Labour supply variations impacts for planned Scottish offshore wind developments to 2022
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Figure 9. Household consumption impacts for planned Scottish offshore wind developments to 2022
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Figure 10. Capital stock impacts for planned Scottish offshore wind developments to 2022
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Figure 11. CPI variations impacts for planned Scottish offshore wind developments to 2022
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4.4 Forward-looking

The difference between the myopic and forward looking closure is than rather than being reactive,

future prices impact on firms’ investment and households’ consumption decisions.

The peak (positive) change in forward-looking GVA (2021) occurs much closer to the peak in
expenditures in the myopic case. With the increase in demand and prices anticipated at earlier
periods, earlier investment is made in capital stock in the forward-looking simulation, effecting GVA.
Also, the increase in capital stock is lower in the forward-looking case, adding to smaller GVA legacy

effects.

Forward-looking employment impacts (Figure 6) follow a similar pattern to the GVA in that the impacts
are lower than myopic at all periods. During the construction stage there are two main drivers behind
this smaller impact. Firstly, the changes in prices are known thus there is an expectance of only a
temporary demand. Secondly, from Figure 11, during the periods of peak demand disturbances (2019-

2021) the forward-looking capital stock (which can be substituted for labour) is larger than myopic.

In the forward-looking case the pattern for wage rates is similar with the scale being different (Figure
7). During the construction stage there is less wage bargaining with the expected drop in prices.
Whereas after the construction stage the forward-looking wages drop further than the myopic. Figure

8 shows also that the migration effects are lower in the forward-looking case due to the lower wages,

Differences in time-path of some variables with forward-looking and myopic closures of the CGE

model, there are some with major difference.

Under the forward-looking specification, households’ foresee the large increase in Consumer Price
Index (CPI) (Figure 11) during construction stage thus reduce their consumption in those periods. CPI
then reduces below the initial value after the project has ended and at this time find an increase in

the household consumption with the lower prices — maximising utility.

5. Conclusion

The key objective of recent Scottish energy policy has been to significantly reduce greenhouse gas
emissions, an objective in which the decarbonisation of electricity generation will play a pivotal part.
With 25% of the total European resource, Scottish offshore wind capacity is expected to increase
dramatically over the coming years. This will not only reduce greenhouse gas emissions, but is
anticipated to also have economic benefits as a result of large investment in project construction and

operation. The modelling helps Scottish policy makers to understand the possible qualitative size of
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the economic “prize”, its timing, and how these estimates differ with the use of different modelling

frameworks.

This paper has used regional multi-sectoral system-wide models (IO and CGE) to estimate and
compare the economic impacts resulting from the planned increase in offshore wind capacity to 2022
IO models are widely used in economic impact analysis but do have some limitations such as the
passive supply side thus enhances the analysis through the use of CGE models. The CGE model used
has two alternative agent behaviours — myopic and forward-looking — each of which produce different

scales of economic impacts.

The paper finds that the planned offshore wind developments in Scotland will bring considerable

economic benefits to Scotland with an increase in output, GVA and employment.

The myopic simulation yields the largest overall results with a total GVA impact of £3.88 billion and
increase in employment of 82,393 person years of employment. With the forward looking simulation
the GVA impact is £2.04 billion and employment 45,181 while for the 10 Type Il the increases are £3.22
billion and 57,498 FTES. This result differs from [25] where 10 impacts of Scottish offshore renewable
are the largest. These results focus on both the construction and operational stage, with the myopic

results being largest due to the build-up of capital stock during wind farm construction.

This research can be extended in a number of ways. First, this paper only focused on the economic
impacts of increasing Scottish offshore wind capacity, one of the pillars of the energy quadrilemma.
An extension of this work would be to investigate the impact the increase in offshore wind capacity
will have on the other pillars of the quadrilemma: emissions, energy security and energy prices. An
increase in offshore wind will likely decrease emissions by replacing fossil fuel generation however,
with the technology being intermittent there is potentially negative impacts on energy security. Also
with the use of a CGE model, a further extension would investigate the impact learning has on the

labour and capital productivity of offshore wind and how this impacts the economy.
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