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Scottish Energy Ready Reckoner

In relation to the enormous value and potential represented by the world energy markets and by the global policy enviassoeiated with them, the

resource that Scottish Enterprise can bring to bearisting 4 S@SNE G KSNB | NB 2LILIR2 NIdzyAGASa G2 Thelelsd GKS Y
fairly large number of different opportunities, which draw on similar resources so that choiceschibeenade between themEnergy markets are not

only vast, but can change very quickly and very dramaticalie Scottish Enterprise Energy Team therefore needs to be fleet of foot, and able to spot and
discriminate between market opportunitiesin this, their task is parallel to the challenges faced by firms in the energy business.

The ready reckoner seeks to address this issue: the idea is that it can be appligceteergy market, although it has been set up to reflect current best
guesses of thenain avenues that Scottish businesses are pursuing and prospecting.

Themarketsare intrinsically uncertain, and so whirategicappraisal is mandatory, ovgrrecise appraisal calculations will often be fruitle$he ready
reckoner approach is well ged to this This document therefore introducessample modelvhichaddresses five questions:

1. How big is the market in question today?
2. How is it changing in volume terms?
3. How is its price changing in real (ie relative) terms?
4. What share of the market caScotland hope and expect to achieve?
5. How does this add up to salaalue addedand employmentight through the supply chain (and also induced incomes)?
¢tKAAd LINPGARS&AE I O02YY2Y YR (NI yaLl NSyl ol asagérddnvappokch O&cruick uesioiSNA& ¢ S| Y

What can we, Scottish Enterprise, do to improve that?

The ready reckoner is a simple spreadsheet setting out tables to make these calculations, with some graphics to hedpegithcivice and project
design.

This is a reporto Scottish Enterprise, not a repdsy Scottish Enterprise, and the policy and other views expressed are those of the authors, not SE.
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GeneralApproach

The use for which the reckoner is designed is to help to d#eahomic development resourcegically skilled people and funding assistance provided by
government to address market failurdhe aim with this reckoner has been to create a tobich is easy to use and which will show up significant
differences between opportunities and market$ has been simplified to a significant degree, and if the differences between options or markets are subtle
or very complicated themuch closer angbis will be required.

The rationale for government to be involvad a governmenin the marketswithin its jurisdictionis that for structural reasonosemarketsfail to

produce the perfectly efficient and faiesults that kindergartesievel economitheory might suggestUsuallythe failuresin the case of energy market

arise in terms of inadequate information, difficult risk issuiek S Ay G SN} Ol A2y 2F O24&0G4& I tifeRondeBu@tioy (8omimdsSa o6 WA
for non-economicreasons) of market poweandA YLJ Ol a 2y 2 (i K. Sheke lastHhearintodtisroniinenilyAirSterrsiof potentially cataclysmic
environmental effects such as global warming, acid rain or nuclear fatibbgcause energy resources are so fundatal and valuable that they are the

causes of wars and conflicts with countless innocent victims.

Energy markets are, to a substantial extent, globay, R 42 { 02 {f I yRQa D2@SNYYRFliyFRR2}Oa (i&K2 NB f BB & B2
global community However, our Government also has a role not only as overseer of our own markets, but as representative or tribune fopSoptas

and Scottish organisationdn pursuing the interests of Scotland, it can quite legitimately seekaximmise the Scottish share of energy markets and

Scottish returns from themA degree of balance between national representation and global responsibility is expressedvettigingaim of the

Government to maximise sustainable economic growth.

Energyinvestments are long term, but policy horizons are often shorter, people are impatient, and action on some energy issyesdgsmnt The ready
reckonerhasadopted a time frame of ten yearsffectively covering the period 202020, and has taken d@s key metristhe net additional gross value
added in theScottisheconomy, as an annual average over this peraod the number of jobs created/supported, again as a period averége
RAAGAYOGA2Y 0S0G6SSy Wa dzLIL2Rddbgp&itOnitiesybrRadlPialiNg v Slasses: tidsa thababdady exisK éhd Have @ibe
protected or managed or extended over the next ten years, and those that hardly exist, so that a capacity has to balmdstujpom scratch.
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The spreadsheein October 2010

R EADY of which Develop Current Average

New ment Annual Real’' spend Employ

R EC KO N E R Envisio capacity  Cost Market  Volume Price over Scottish GVA Annual ment

ned 2010-2021 /MW Size Growth  Growth next 10 market Scottish GVA Direct Multiplie GVA GVA/ Direct muktiplie  Annual
capacity MW (£2010 (Emn) rate rate WCELS share sales ratio GVA rs Benefit  job jobs r

RENEWABLES

Scottish Hydro large, pumped 1000
Scottish Hydro small 500

Scottish onshore wind 5600

Offshore wind - Scottish waters 6400 3733
UK offshore wind a 33600 19600
UK offshore wind b 33600 19600
UK offshore wind b 33600 19600

Wave and tidal ¢ 1000
Wave and tidal d 3000
Wave and tidal e 6000
Wave and tidal c 1000
Wave and tidal d 3000
Wave and tidal e 6000

Biomass -wood 1000
Biomass -waste 4000

CONVENTIONAL/ non-renewable

UKCS Oil and Gas Opex 7101 -6.7% 3.7% 45% 47%
UKCS Oil and Gas E&A 1274 -15% 0% 20% 55%
UKCS Oil and Gas Development 4780 -10% 0% 35% 40%
UKCS decommissioning 40% 40%

Nuclear UK 20000+ 11% 45%
Nuclear decommissioning 20% 40%

Clean coal
Capture
Transport
Storage




The drategic situation
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The world economy comes home to Scotland

Following the collapse of financial assets and institutions spilling out from the United States, the world economy wess iiailb The hastilydesigned
policy parachute$or the monetary and banking system, and the binlautomatic stabilisers for taxation and government spendiaye successfully
slowed that falland stopped it in many place8ut here,at least inthe latest avdable official GVA figures for Scotlaitds still a fall Thanks to the
surprising resilience of the Chinese and other Asian economies, the European economy began to turnlaptagaimer, and the US is growing now
Globally and nationally thereemainstheLJ2 8 A A0 Af AG&. 2F | WR2dzwf S RALIQ

In the US it was a longer recession than the peat average of 10
months, but shorter than the average -hfonth recession since they
started counting, in 187.10n BritishGVA (GDRhe recession was

Spare capacity in the Scottish econc
- 14 cycles over 58 yes

perhaps three months longer, and the Scottish figurewillperhapsibe s z s s 2 28228556585 858838558:885%8

two or three months more than that. e

2 A0K KAYRAAIKG ¢S Oly y2¢ asSs Zﬁ\\K)-\R {Ozut FyRQa NJSC)SaaAM aidl NI SR
around the same time as the US, around November 2007, and the « A—N

figuresavailable up to Easter 20@nfirmed the provisional view \ / /\ /\\/\ N \

abovec so farthe worst recession since 197%e cannot predict 0 U / v "\ I\ /\-J\ [\/J \

when it will end: in our view, no one has yet developed a model of v l vV Sources:

the Scottish economy that cadentify orconvincingly predicGVA 109 Y A oREAMB T
turning pointswithin a few months However, so far this recession | .., / v\/ cotonin BB
has had only about half the effect on Scotland that the monetary | \ / Srescne
and fiscal policies of the 1980s generated a generally more ' \/

buoyant environment, the only thing likely to makeg recession as | *
bad for Scotland as the 1980s would be a substantial programme |o.
government spending cutdJnfortunately, such a programmeas
very realpart of the policy debate at UK level.

Policies for energy investment and economic development ook normally need to pay too much heed to the ups and downs of business cyclese but th
200820100ne is so deep, so profound and seailveloping that it will affect the situation for decades to come.
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The present state of energy within the world econom

The world energy economy is certainly disturbed by the recession, but not necessarily in ways one mightrexmeample, world oil prices, which
normally reflect the pressure of economic demand, reached thetimaét peak in real terms in JURD08, eight months after the economic freefall started.

A political world thatwasforced inb collaboration over the credit crunchmade at least some attempbd get together over ecological affair§he need to

include Asia within th&Vestern circle of economic attention highlighted the dire consequences for fuel consumption and carbon oflésisg Asian

prosperity and production An estimated 95 per cent of carbon emissgmowth will come from Asia, buevelsin the West are much higher and the global

nature of the problem behoves us to reduce emissioné @ 2 12 Q& Gl NBSG RIFGSa |NB az22y dzalRry dzaX yR GKS
denial, so thergemains some hope fgrogresdollowing the disappointment ovethe UN

Climate Change Conference in Copenhagen ¢KS ¢2NI RQa Sy SNHE. Guaenti

The cli h | bl by th ited Nati ) hoi | global trends in energy supply and consumption are
e climate change alarm befiat was rung by the United Nations is now echoing cavernou patently unsustainable environmentally,

around all the intergovernmental chambers of the wortld@ he introduction to the 2008 economically, sociallyBut that canc and mustc be
forecast from the International Energy Agency made this abundantly clear (see box) and £ G SNDBETHAGTKS NBOES (2 OKI
seen by some comentators as a shift in position, particularly as far as limits to oil resource LiQa y2d Fy SEFIISNI (A2
are concerned The global summit in November 2009 in Copenhagen (the fifteenth |
Y/ 2 y T B FabeSQo the United Nations Framework Convention on Climate Change
looked ahead beyond 2012, when the first commitment period of the Kyoto Protocol.emtie
failure to reach agreement merely underlined the importance of all parties understanding t
ramifications othe global energy system, and their own part in it, foreiih own wellbeing

human prosperity depends on how successfully we
tackle the two central energy challenges facing us
today: securing the supply of reliablechaffordable
energy; and effecting a rapid transformation to a tfow
carbon, efficient and environmentally benign system
energy supply What is needed is nothing short of an
energy revolution.

OECD/ IEA November 20(
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The UK energy gap

) ) ) The abundance of energy resources, primarily coal, was one
UK primary energy production and consumption 1900-210( of the reasons Britain managed to gain and retain its

- Britain is short of energy and, even with slow economic growth and rapid efficiency improve : - : - -
things will get much worse, quickly leadership of the industrial revolution. Until the start of the

300 Second World War the UK had a surplusmdrgy, but after
1950 the consumption of energy (the green line) began to

Hydro outstrip the supply. The widening gap was due in equal
=1 Existing nuclear measure to the growth of car ownership and other
N Gas . .
— il transport, and the decline of coal production.
. Coal
Energy consumptio The gap was not too serious &éssue until 1973, because

energy could be cheaply imported and some new domestic
sources were being developed. Nuclear power had been
Sources: DECC, precuors developed for a mixture of energy and deferetated
and various statsitical histories reasons from the mid 1950s, and North Sea gas had been
brought afore, and fed into a prexisting distribution
Ref:2imodetsiukeconfrimemaprod——— gyistem, from the mid 1960s. North Sea oil began to flow
only two years after the first OPEdtiated oil price
increase, and was well established by the time of the
second one, in 1979. Britain moved inteeegy surplus the
following year, and just about stayed in surplus until 2004.

A N = A A v A w

. ® HANYK®E . NRGIFIAYQa SySNHe O2yadzylliizy SEOSSRSR Ada SySNH& LINRPRAOGAZ2Y

¢C2RFe . NARAOFIAYQa SYySNH& ySSRA I NB d¥écning, plds refietvalag, Whitzbarezsil tod snbilll td-bé itlentlfigble énkhe O K |
graph with the naked eye. The decline in oil andigdecumentedfollowing pagel8. With the nuclear programme now 60 years old, power stations are

coming to the end of their life and are retiring on grounds of safety and expense. Conventional underground coal nliiingfisished and coal

reserves suitable for surface re@y are limited. The overall rate of decline for these four resources shown on the chart is more than 5 per cent per year.
CKA& YSFya GKFdG . NAGFIAYQa SySNHE& 3IF L) Ada y2¢6 | 02dzi c arrenoi prices vind xahargeNe ¢ A y 3
rates the gap would be valued at £20 bn per year, growing at £2.4 bn per year.
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UK energy intensity (mtoe consumption/ real GVA) Since 1925 there has been a strong correlation
between Britain's energy balance and its relative growth performi
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Although the trend of energy consumption for the past 110 years (and, indeed, before that) has been strongly upwaramttbigected to continue.
The economy has also been growing over this period, and UK energy intensity (energy consumed per £ of real GVA) hssifalheatioally, by more
than 70 per cent. Nevertheless, in common with other industrialised counttissaround double the world average, as was highlighted at the
CopenhagerClimate Change meeting. In the future we would expect the improvement in British energy intensity to continue, and ecetetata,
especially given the real and the politigaessures that result from global warming, and the high price of energy today compared to the levels that
prevailed a generation ago

It also may be the case that energy factors will cause the economic growth rate to slow from historical levelsorfithelsst on this page is a scatter
diagram, showing on the horizontal->axis the relativédalance othe UK energy economyrom deficit on the left to surplus on the right. The saatethe
vertical (¥) axismeasuredhe differencebetween the growth rate of the entire UK economy and that of the world economy. Not only is there an evident
upward slope over 85 years, but the chart can be divided into three zonegighhband third of scatter points cover mairnhe prewar years when

Britain had an energy surplus greater than 20 per cent, and grew on average slightly faster than the world edéoineymiddlethird, energy is closer

to balance, and acrossdividual years there is a broad correlation between the exact baland the growth rate, but no simple direct linkhis is mainly

the postwar periodwhenthe UK fell behind the world economy at a rate of 0.7 per cent per yearlefttend thirdconsists of the troubled years 1958

1977, when economic difficulties @emulated, and of the years from 2005 to date. Here there is a significant energy deficit of more than 20 per cent, and
economic growth is almost 2 per cent below the global norm.
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Drivers of the UK electricity system

In addition to the progressive
exhaustion of our native fossil fuel
resource, documentebdelow, the two
crucial forces driving UK electricity are
the obsolescence of power stations

Fuel input for UK electricity generation with project

100

and the fact that, one way or another,

the carbon footprints oklectricity 90

generation technologies must be

factored into their fuel costs. In so far g0

as carbon use or generation impacts " E::vvvvc";’;'ea'

upon the current ready reckoner it 5 B Other renewables, bio &¢
does so through the policy £ 6 Bwind

environment. What is crucial to the g Projecte D Other fuels
valuation of the economic 2 50 BNew gas
opportunities available is the retiral of £ :(Nj‘i"l‘t”ra' gas

eXiSting pover stations. g 0 O Electricity Natural flow hydr
The UK generating mix was virtually 30 EEZ'::'giiugLeda;reeze
100 per cent solid fuel until the mid 2

1950s, when first oil and then nuclear Source: Data: DUKES
were introduced. From the early 10 o A
wppna OF YS GKS WRKak e
small increases in wind and other 0

1920

renewables. Gas now reperys
about half the fuel used and in
future it must increasingly be

imported ¢ but of greater significance is that almost all coal and nuclear power stations must be shut down over the next 15 years.
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Peak generating capacity and power output, capital ctssand fuel costs

The key supply parameters of an electricity system are the peak demand it can provigigydawatts W), and the total amount of power supplied over
the year, in Gigawatt hours. Different generating options contribute in different watfsese, according to their cost structure and operational
characteristics. Broadly, where capital costs are large relative to fuel costs, for a particular generating technoltaphribltgy will be used to provide
power. The higher the importancd fuel costs, and the lower the level of capita | cost, the more the technology will be confined to generating at peak
times.

Oil and gas fired stations have relatively low capital costs, but when they produce only high grade heat to drive geststtimghave high fuel costs
and carbon footprint. They are primarily used, therefore, to contribute to peak capacity but are not preferred for podgctipn. Where it is possible to
use any lower grade heat, as in combined cycle gas turbines, thisslolegr running costs, making them more favourable.

Coal stations have similar capital costs (depending on scale) so they contribute to capacity, but lower fuel costs, lserevhar been little regard for
carbon footprints they have been preferredrfpower production over gas and oil. However, the useoail isset to change radically agasultof plant
closures and carbon capture technolo@n an equivalent scale, biomass stations (wood or waste) have parallel capital costs, but are cotsitavech
negligible carbon footprint. Howevematerialshandling considerations usually mean they are very srsaltio not achieve economies of scale

Almost all the costs of hydroelectric, marine and wind power is capital cost, and what operatiaghaystare do not depend much upon output.. These
technologies will provide base load power when they can, byeatiept tidalsuffer to some extent from the fact that their contribution to capacity is
uncertain. This may be hotw-hour uncertaintyin the case of wind, or year to year uncertainty for large hydro schemes.

Nuclear power is highly capital intensive. Variable operating costs are low, although the cost of fuel can be expemeasmimfuture as demand grows.
Thus nuclear plants pnarily provide base load power.

Storage systems, like Cruachan pumped hydroelectric storage on Loch Awe or the Rough puref@dgmprovide capacity but no net powerin fact
they are net consumers rather than producers of powabeit on a relatigly small scale

Capital costs are intrinsic to the technology: in all technologies there are substantial economies of scale. Howevepttessiod a large generation

facility usually has to be traded off against either the cost of transporting fuef, distributing the electricity, or both. Costs have demonstrated a learning
curve, which may be continuous in the case of capital costs per megawatt but which usually approaches a theoretidhldinasaof operating

efficiency.
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In real or relaitve terms the price of

Growth in electricity consumption - UK 1900-2( electricity fell until the early 1970s, and
this helped to fuel substantial growth in
50% demand. Since then realipes have risen
and growth rates have slowed After
40% 1973 even peak years for electricity

demand growth did not reactihe average
levels that ruled before 1973.and since
about 2005growth rateshave been
generally negative.

30%

20%

10%

0%

-10%

-20%

-30%
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Capital costs of generating capacity

The estimation of capital costs is a key area of uncertainty in any investment appraisal, and nowhere more so than viinetogyes new, or still
developing rapidly.The US Department of Energy has recently highlighted the fact that constructiorfaosésv power planteven of conventional
designhave increased at an extraordinary rate over the past several years. It attributed a doubling in real dollar terms to:

1 High worldwide demand for generating equipment

1 Rising labour costs

9 Sharp increases the cost of key materials: cement, iron, steel and copper

Cost
Plant type (E/kW)

Combined Cycle Gas Turbines 600
Clean Coal (ASC + CCS) 2200
Nuclear (new) 2000
Onshore wind 1200
Large scale hydro 3000
Small scale hydro 1300
Offshore wind 2800
Biomass regular 2500
Biomass energy crop 2500
Biomass CHP 3000
Wave 4000
Tidal Stream 4000
Tidal Range 3800
Biowaste 3600
Biogas 6600
Open Cycle Gas Turbines 350

All capital costs as assumed constant in £2008

serr8

Source of
estimate comment
Ofgem
Ofgem Scenarios shown in reckoner analysis
Ofgem
Ofgem
Scottish Enterprise
Scottish Enterprise
Ofgem Lower scenarios shown in reckoner analysis
Ofgem
Ofgem
Ofgem
Ofgem Scenarios shown in reckoner analysis
Ofgem
Ofgem
Ofgem
Ofgem

Ofgem

Source: Ofgem, Project Discovery, Energy Market Scenarios Octobd
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Some of these factors were ameliorated over the
recession, but on a global scale they are now operative
again. The decline in sterling means they bear
particularly hard on the UK.

Except where wéave ourselves researched a figure,

there is value in adopting a consensus view. The table is
LINARYIFNAREE GF1Sy FTNRBY h¥3aSYQa
possibilities carried out in Summer/ Autumn 2009.

These costs are based on rated capacity, so in assessing
the ability to meet peak demands there is a need to take
account of variability. The capacity credit considered
appropriate for onshore wind is considered to be 3%

per cent, and for offshore 35 per cent or more. For most
other source 880 per cent is sually taken.They do

not take account of subsidies and grants where available.
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How this Reckoner works: general methodology
¢tKS SySNHe RSo6FGS Aa AydzyRFGSR gAGK | Ff22R 2F ONIX & S\ WHREFRS NI (S
numbers, and we need the numbers to be comprehensible, comparable and memorable.
Professor David Mackag2009

The purpose of the Scottish Energy Ready Reckoner is to calculate simple, comprehensible and comparabl¢éonunfob@reneaspectof the energy
debate: the benefits that the Scottish economy can derive from differeetggnmarkets an@pportunities

The need to be comprehensible and comparable meansithaeighing up eacindividualmarket, opportunity or scenario we are not as sopibited as it

is possible to beWe have simplified botthe calculations and the method of presentatiorWe have prepared a aallation sheet for each case, and
extract from that key variables to go into the reckoner proper, which can display updas2@ on a single shedtVe signal the degree of precision we

think appropriate by rounding thesmain inputs to the reckoner to two significant figuré&/here two scenarios or opportunities yield similar results at this
level of precision therif a chace must be made between them (and that 'if' is important) the debate should properly rest on the uncertainties,
assumptions and valuations, and on other issues which it is not possible to capture in numbers.

Total market 20162020

The focus of the Reckonis the next ten yearsin some casegfor example most ciaind gasrelated activity¢the spending or benefibver this period is

amenable to forecasting methodologiaad so the annual value is showim most cases, however, there is a need to build capacity, and so the reckoner
shows the phasing of this capacifgometimesas part of a programme that continues past 20dbe benefits to Scotland often arise as a consequence of
creating the capacityand so they arise before the capacity is availabhley G KSaS OF aSa || WLKIFaAy3IQ aOKSRdxZ S KI &
meaning that 40 per cent of thisenefitoccurs in the year of the capacity increment, 40 per d¢ethe previousyear and 20 pecent in theyearbefore

that.

Quite often there is a physical element to the markatculation and a cost per unit eg an operating cost per tonne of oil produced or a capital cost per
Gigawatt of rated generating capacitfhese may be expectedt&d y IS RdzS (2 WNBFf LINKAROS SFFSOGaQ FNAaAy3
supply of oilbr a scramble to buy turbines in a world that cannot make engoglfrom learning or technological progreds may also be affected by the

real exchangeate, andthis might change substantially if an energy defi@tmes to dominate the Kleconomy Projections have been made as necessary,

and are intended to represent a consensus of economic opinion.

serrg 20101104 11:47 Pagel7/58

(

T



cogentsi

Scottish market share

Having established the sizetbe market there is the question of how much of it can Scottish §isapply? This will often baibwn to questions of

technical ability, capacity to produce, location and cost, all of which intetaastablished markets there @rectevidence, btiin new markets the share

available to Scotland must lzematterof judgement This judgement needs to be made in the light of the contributing activities for an investniient
exampleconstruction services, such as the laying of foundation and theahetection, are likely to be locally supplied, and so Scotland will have a high

market share when the investment is in Scotland, and a very low one when it iEgoipment can be shipped roundthewdtld  yR a2 {020t yRQ
share will depend onc®ttish companies having the technology and expertise, as well as the logistical and capacity issues.oflsepphl exchange rate

will be a consideration here, as wellhe product of the total market and the Scottish market share is a projectiScatfish sales.

Gross Value Added

The direct value added derived from these sales is estimated using estimates of the Scottish Gross Output/GVA ratiavelbese hased on the
Scottish Input Output Tables as published by the Scottish Governmeniplated by trends in the equivalent UK ratio, shown by the UK Input Output
Tables.

Employment

Employment/GVA ratios implicit in the Scottish Input Output tables are updated by trends in GVA fromrdgadokl accounts and by trends in employee
numbers from the Annual Business Inquiry.

Multipliers

The multipliers used are taken from the DREAM® Detailed Regional Economic Accounting Model. These differ from theskfoattid&cottish
Governmenthput Output Tables (2004) in three important respects:

1. They are updated to 2007¢ using methods such as those outlined above.

2. They take account of sedimployment in the multiplier process, and thus tend to be somewhat higher than the government ratdtipthich do
not. The significant proportion of self employment in the construction industry is especially relevant in the reckoner.

3. They vary geographically: a project in North East Scotland will have different multipliers to one in South West $ectaisd, of different degrees
2F WAYLRNIQ LISYSINIrdAz2y FyR GKS RAFTFSNBY (G &0 NHzOG dzNB bagicreckoRes buNilS 3 A 2 v I §
could be used to tailor its application to particular projects.
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Current Industries and
the developmentof
their markets and
technology
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North Sea hydrocarbons

For forty years gas and @ibm the Unitedkingdom Continental Shefffave coursed through the Scottish and British econoiftye main way in which the
Scottish economy benefits from North Sea oil is the provision of goods and services to help ex@uet ithe past fortyearswe have seen exploration
programmes for oil and gas, appraisals of the discoveries made, developiifecilities to access the fields, and operation of those faciliti¥s are
beginning to see decommissioning, as resources are exhausted and attempts are made to return the seabeditalstate.

For many years there was huge uncertainty albibetreserves available: about how much oil and gas could technically and economically be recovered

Now there has been so much exploration and other activity that we have a fairly goodfidea anuch was originally in plac&his amounts to 4.4 bn
tonnes of oil (3%n barrels) and 3.frillion cubic metres of gas (2.7 bn tonnes of oil equivalent)

. . UK gas production BUK gas production
UK conventional oil prodn (resgurcgs 3132 bn m3) (resources 3132 b
(resources 33.333 bn bbls)

m3)

B Projected capacity
BUK conventional oil

prodn 12
(resources 33.333

bis)

100

mProjected capacity

Source: projection: cogentsi
World Assumption 40
Generator

24.6 bn produced at end 2009: 8.7 to

Data sources: UK Department of Energy an
Climate Change

Data sources: UK
Department of Energy anc
Climate Change

Source: projection: cogentsi
World Assumption

UK gas production
Generator

(resources 3132 bn m3)

FASR 2y WLISIH] 2AtQ FyR WLISIF] 3FraQ OFtOdAZ I A2y asz po ystlliobgpo8utedZie 2 A f
resource will be significant for another twenty years, but production peaked around the millennium, and has already doogmoechd half that level
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There is still some uncertainty, of cours®emaining oil reserves can be divided mordess equallynto those that are proven, those that are probable,
and those that are possihldVlany of the latterare not yet accessible tourrent installations.

UKCS oil reserv
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The value added from the North Saad other offshore reserves havas so far

totalled about £66(n. Because of the way that UK national accounts are constructed,
thisis not considered part of the Scottish econanRather, Scotland benefits from
some of the £370 bn that has bespent toaccess the value added available from the

Continental ShelfThus the potentiabenefitsto Scotland are in fact theostsof the
activities toexplore, develop and operate the North Sea resouicereal terms,

expenditureon costshas only briefly been higher than it is today, and since operating
expenditure (tle most remunerative for Scotland) is at a peagnefit to theScottish

economyhas probably never been higher than it is now
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UKCS exploratiory annual GVA benefit £71 mn

Pie Charts Showing Potential for UK Reserves Growth

West of Shetland GAS

(billion cubic metres) Northern North Sea GAS
Proven and Probable Reserves 45 (billion cubic metres)
Possible Reserves 35 Proven & Probable Reserves 99
PARs 34 Possible Reserves 49

PARs 8

West of Shetland OIL

(million tonnes) Northern North Sea OIL

Proven and Probable Reserves 194 (million tonnes)

Possible Reserves 60 Proven and Probable Reserves 150

PARs 25 Possible Reserves 105
PARs 52

Central North Sea GAS

(billion cubic metres)

Proven & Probable Reserves 217
Possible Reserves 120

PARs 43

Central North Sea OIL
(million tonnes)
Proven & Probable Reserves 408
Possible Reserves 193
PARs 118
{ Irish Sea/Celtic Basin GAS
(billion cubic metres)
Proven & Probable Reserves 36
Possible Reserves 7
PARs 6

e Irish SealCeltic Basin OIL
(million tonnes)
Proven & Probable Reserves 3
Possible Reserves 0
PARs 1

Southern North Sea GAS
(billion cubic metres)
Proven & Probable Reserves 204
Possible Reserves 95
PARs 43
KEY
- Proven & Probable Reserves

|:| Possible Reserves

[ Potential Additional Resources (PARS) - Central Estimate

pdoheny/maps/PieReserves/jg_Res0709.map
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Exploration expenditure of UK oil and gas industry

£4500 mn

£4000 mn

£3500 mn

£3000 mn

£2500 mn

£2000 mn

£1500 mn

at 2008 cost equivalents

£1000 mn

£500 mn

£0 mn

159 wells

}

|

/\

106 weIIs

/v

42 wells

Oreal exploration
| 79 wells 72 wells

; 44 wells

zlindustries/energy/oil/lukcs/mong/costcht(8
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The amount of exploration undertaken in the North Sea depemdwioat the (UK) Government

has chosen to license, the value expected for oil and gas, thettst exploration programmes,

but most of all @ expectations of succes¢ KS LA S OKI Nla akKz2g 59/ / Qa
some 18 months ago, and by nowetkxpectation of undiscovered oil has diminished significantly

A 15 per cent annual decline in real exploration expenditure has been assumed.
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Scenario: OGExp

Profile

2010
Expenditure at 2009 prices £mn £680
No of wells 20
Scottish market share 20%
Scottish sales £136
Sales:GVA ratio 1.81
Direct GVA £75
GVA multiuplier 1.55
Annual GVA Benefit £116
GVA/job £105
Direct jobs 713
Employment multiplier 1.70
Annual jobs 1209

serr8
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2011

£578
17

20%
£116

1.81
£64

1.55
£99

£105
606
1.70
1028

2012

£491
14

20%
£98

1.81
£54

155
£84

£105
515
1.70
874

2013

£418
12

20%
£84

1.81
£46

1.55
£71

£105
438
1.70
743

Oil and Gas Exploration

2014

£355
10

20%
£71

1.81
£39

1.55
£61

£105
372
1.70
631

2015

0.0 GW in 2010
2016

£302 £256
9 7
20% 20%
£60 £51
1.81 181
£33 £28
1.55 1.55
£52 £44
£105 £105
316 269
1.70 1.70
536 456

2017

£218

20%
£44

1.81
£24

1.55
£37

£105
229
1.70
388

2018

4.0 GW in 2020
2019

£185 £157
5 5
20% 20%
£37 £31
1.81 1.81
£20 £17
1.55 1.55
£32 £27
£105 £105
194 165
1.70 1.70
329 280

2020

£134

20%
£27

1.81
£15

1.55
£23

£105
140
1.70
238

Average
2010-202(
(where
applicable)

£343
10

20%
£69

1.81
£38

1.55
£59

£105
360
1.70
610
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UKCS operating costg annual GVA benefit £2. bn

CNRY Iy hLSNIGI2NRE LRAY(HI LBNIAAYA Er$ISFARigoantBetdionidhnt 3 ap&aiivg costs & the level of
production of oil and gas, although a substantial proportion of costs can be considered@wedthe past five years operating costs per tonne of olil
equivalent have doubled, from £28 to £56, as production has fallen from more than 200 mn tonnes per year ta 125 mn

Over the next ten years or so production is expected to fall
Real opex and outpt further, to about 75 nillion tonnes of oil equivalent (toe),
but risingcosts per tonne will largely offset this falDver the
10000 history of the North Sea, the lower cost fields were

‘‘‘‘‘‘‘‘‘‘ developed first, so each successive barrel of oil costs a little
more to produce In the longer run, to some extent costs
1000 move up and down withreergy prices This is likely to be

LI NIt & | W-Ndmé Rodtydrefn@ wdsti ifcGrihg
unless the oil is valuableand partly a result of control and

/ M\ — Real operating expenditure, £M, 2008 pric - pudgeting systems, which are likely to bite harder when

100
T | | — | output, . . .
eat oo sxpencire permos 20 PYICES @nd margins are low, and Iéssd when prices are
—— Modelled real opex high. Therefore the long term effect of rising oil prices will

log scale

—— Production projection, mtoe

| Modelled opexitoe also offer some longerm mitigation to the downtrend in
{O020f I yRQa KINBS&alG FTNRBY 2Ait o
Source: Historical data: DECCand precur G are should be taken in interpreting the chart above,

Models and projections: cogentsi

e f “““ b s 9y kg 3 g g a uga ‘ § ““““““ because it is based on a verympressed log scalén a

10

1960
1963

% % % % Ref z/imdustries/MONG/ropxop j ) i

linear scale the trends in total costs, production, and costs
per tonne (or per barrel) are much more dramatis shown
on the following page.
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The charts on this page illustrate the links between operating casis their stucture as indicated in the UK national accounts.

UKCS outpt

200 "/\

150 /\

100

Total output, mtoe
Production projection, mtot

milltion tonnes oil equivalent

Source: Historical data: DECC and precul
Models and projections: cogentsi

Ref z/imdustries/MONG/ropxop
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19937

19967
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Real opex per ton of oil equivale

100
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90
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70
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50

"Real" operating expenditure per mtoe £20|

log scale

40

Modelled opex/toe

30 ——_

20

Source: Historical data: DECC and precul
Models and projections: cogentsi

10

Ref z/imdustriess/MONG/ropxop
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£ million at 2008 price
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=== 'Real' operating expenditure, £M, 2008 pri
—— Modelled real opex

/ Source: Historical data: DECC and precul

Models and projections: cogentsi

Ref z/industries/MONG/ropxop
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Structure of oil and gas company costs 2

Compensation of employee
2219, 18%

Oil and gas extraction (i
subcontracting within th
industry), 3075, 25%

Architectural activities and
technical consultancy, 278,

Legal activities, 435, ¢

Structural metal products, 42

Renting of machinery etc, 66 3%
5%
Banking and finance, 689, Gas distribution, 559, £
Construction, 936, 8
zfindustr 0C
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UKCS opex in 2008 was just over £7 bn per annum, compared to an average of £5.7 bn over the past tEheyeahsme of UKCS production is falling at
around 5 per cent peryeal 2 6 S @S NJ (RASY W RMBYTh,dhigh &rily rediff FeSirGini 2004 or $onow quite important, and pushes up future
Oz2ada G2 aArAayAFAOLIyGfte YAGAIAL (S cuirénfycdasidadutdz@ér tetynorRis Odl teryiSper bt PekcuBicS I N & LIN.
metre)d KI'y (GKS LINS@A2dza &SI NRa

Thus total Opex is expected to stay around £7bn for the next few years, and then to begin to trend slowly downwa2dseratdnt per year. Apart from

the salary bill and trading with specialised contractorghie industry, many of the costs are related to services including banking and finance, leasing, and
legal services.

There has not been any serious investigation of the Scottish supply share of operating resources for about a decade gstimathena@ was about 40

per cent’ This is expected to have risen slightly, as operations have concentrated around AbeFdetrer investigation and modelling would be
worthwhile.

Because of the high proportion of services, it can be assumed that a reldtigklproportion of the payments to suppliers directly are translated into GVA
A figure of 47 pecent was assumed for operating costs.

For this and the multiplier analysis, calculations were based on the average ratios for the main supplying industries

! Cogentsi for UKOOA, DTI and Scottish Executive

serrg8 20101104 11:47 Page26/58



Scenario: Ogopex

Production of ail
Production of gas
QOil wh

Gas wh

Total wh

Total mtoe

Opex/toe (£2008)
Total opex

Scottish market share
Total Scottish sales

Sales: GVA ratio
Direct GVA

GVA Multipliers
Annual GVA Benefit

GVA/ job (direct)
Direct jobs

Employment multiplier
Annual jobs

serr8

Profile

2010

1.32
67.24
766
665
1431
118

£ 5989 £
£ 7067 £

45%
£3 180

2.13
£1 495

1.83
£2 728

£ 63811 £
42750

1.87
80121

2011

1.27
63.54
737
628
1365
113

50.88 £
6742 £

45%
£3 034

2.13
£1 426

1.83
£2 603

63.811 £
40785

1.87
76437

20101104 11:47

Oil and gas operating costs

cogentsi

0.0 GW in 2010 4.0 GW in 2020
Average
2010-202C
2012 2013 2014 2015 2016 2017 2018 2019 2020 (where

applicable)

1.22 1.17 1.12 1.07 1.02 0.97 0.92 0.87 0.82 1.07
59.77 55.99 52.23 48.54 44.96 41.51 38.21 35.08 32.12 49.02
707 678 648 619 590 561 533 505 479 620
591 554 517 480 445 411 378 347 318 485
1299 1232 1165 1099 1034 972 911 852 796 1105
107 102 96 91 85 80 75 70 66 91
61.32 £ 6325 £ 65.63 £ 6838 £ 7148 £ 7490 £ 7864 £ 8270 £ 87.09 £ 70.29
6568 £ 6425 £ 6306 £ 6199 £ 6099 £ 6002 £ 5908 £ 5813 £ 5719 £ 6259
45% 45% 45% 45% 45% 45% 45% 45% 45% 45%
£2 956 £2 891 £2 838 £2 789 £2 744 £2 701 £2 658 £2 616 £2 574 £2 816
2.13 2.13 2.13 2.13 2.13 2.13 2.13 2.13 2.13 2.13
£1 389 £1 359 £1 334 £1 311 £1 290 £1 269 £1 249 £1 230 £1 210 £1 324
1.83 1.83 1.83 1.83 1.83 1.83 1.83 1.83 1.83 1.83
£2 535 £2 480 £2 434 £2 393 £2 354 £2 317 £2 280 £2 244 £2 208 £2 416
63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811
39731 38869 38145 37498 36893 36310 35737 35167 34597 37862
1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87
74463 72846 71489 70276 69143 68050 66976 65908 64840 70959
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UKCS dvelopment costsz annual GVA benefit £600 mn

Development expenditure is that part of capital spending on oil and gas which is concerned with gaining access to thgaoilemetves, extracting the
physical products, and puttingiitto a ship a pipeline or a plant for distribution or further processingis distinguished from exploration and appraisal
expenditure which is concerned with discovering oil and estimating how much thevhégeit is, and what its properties are.

Development expenditure on UK

7000
6000 / \
5000 [/\\/\/\ l \ ll\\
4000 Vv

=== Development expenditure at 2008 pric|
3000

j V \ — Projection
2000 Source: DECC and precursors, coge

/ Ref MONG
1000 ‘/
0 T

-1000

£mn at 2008 price

1968 1

1965 |
1971
1974 ]
19774
1980
1983
1986;
19894
1992
1995
1998;
2001;
20044
2007;
20104
2013
20165
20194

Developmeh expenditure in the North Sea began with investments to recover gas from the Southern North Sea in 1965, initiallyGftabmate£200
onn Yy LISNJ &SI NWith the/ cording ofmuch NM@e/eSperRive deepwater oil developments in the Cantiallorthern North Sea it rose to
£6bn per annum in the mid 1970s, and has cycled between that level and £2.5 bn over the past thirtyry2@68 development expenditure had fallen
back to £4.8 bn from its third, and probably final, peak at £5.7 bn.
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Total development expenditure to date, at 2008 prices, has been almost £150 bn, about £100 mretatazll developmentand £50 mn on gaelated
Over the history of the UKCS the oil expenditure has averaged out at about £25 per tonne of oil equsteatimg at less than £20 but now running at
more than £30/tonne Gas hadeen significantly cheaper.

.FASR 2y WLISI]1 2AfQ FyR WLISI{ 3l

Real development costs per tonne of recoverable oil equivalent acc oil equivalent have been produced from the UKCS and 2.2 bn
are still to be producedAbout 1.5 bn tonnes are not
accessible from current developments so £8bbn will
need to be spent in order to access them: this figure may
1o rise on the grounds that the cheaper fields have been found
o [ A first. The projection in the first graph shows £25 neirig

/ spent over the coming ten years.

140

130

|
l

920

I \ Estimates indicate that about 45 per cent of the installation
’ \ :issr';:e"zljbaa;"n“a' neemer  gyppliers are Scottishased and perhaps a quarter of the
/ \\ [\ structures and equipment installed, giving an overall Scottish

80 /
" /
|

60

market share of perhaps 35 per cerithe proportion of the

- I
p AN

|1 | oucervece precusorsanacos 3 dzLILI A SNEQ abt 54 NBLINBASYGSR o8
2 , / \ \7\ ’ \ / Ref MONG/ real dev per tonne cent in construction and 60 per cent in structural metal
2 // V\/ \/\ Y W ' products: an overall average of 40 per cent is reasonable.
N ~ VYA o .
1o / There have been no significant gas finds for ten yeas, a
T T o e e o e e e o o e o o e e a none are expected.

1965
1967
1969
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Scenario: Ogcape

Production of oil mb
Production of gas
Oil wr

Gas wl

Total wt

Total mtoe

Total ope:

Scottish market sha
Total Scottish sali

Sales: GVA rai
Direct GV,

GVA Multiplier
Annual GVA Bene

GVA/ job (direct
Direct job:

Employment multiplie
Annual job
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Profile
201¢ 2011
1.3z 1.27
67.2¢ 63.5¢
76€ 737
665 62€
1431 136¢
11€ 112
£ 387: £ 348t
35% 35%
£1 35! £1 22(
2.5C 2.5C
£54:2 £48¢
1.87 1.8¢
£98¢ £89(
£ 63.811 £ 63.81:
1550¢ 1395:
1.87 1.87
29057 26151
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201z 201z
1.22 1.17
59.7% 55.9¢
707 67€
591 554
129¢ 123
107 10z
£ 3136t £ 282
35% 35%
£1 09¢ £98¢
2.5C 2.5C
£43¢ £39¢
1.8 1.8¢
£801 £721
£ 63.811 £ 63.81:
1255¢ 1130z
1.87 1.87
2353¢ 2118:

201¢

1.12
52.2:
64€
517
116&
96

£ 254(

35%
£88¢

2.5C
£35¢

1.8
£64¢

£ 63.81!
1017:

1.87
1906¢

Qil and gacr‘apiml (dp\/plnpmpnt) CQOSI¢

0.0 GWin 201 4.C GW in 202
201t 201¢ 2017 201¢ 201¢ 202

1.07 1.0z 0.97 0.92 0.87 0.82
48.5¢ 44.9¢ 41.51] 38.21 35.0¢ 32.12
61¢ 59C 561 532 50§ 47¢
48C 44t 411 37¢ 347 31¢€
109¢ 103« 97z 911 852 79€
91 85 80 75 70 66
£ 228 £ 2058 £ 185 £ 1667 £ 1500 £ 135C
35% 35% 35% 35% 35% 35%
£80( £72( £64¢ £58: £52¢ £47:
2.5C 2.5C 2.5C 2.5C 2.5C 2.5C
£32( £28¢ £25¢ £23: £21C £18¢
1.8¢ 1.8¢ 1.8¢ 1.8 1.8¢ 1.8
£58¢ £52¢ £47¢ £42¢ £38¢ £34°
£ 63811 £ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.81!
915¢ 823¢ 741¢ 6674 6007 540¢
1.87 1.87 1.87 1.87 1.87 1.87
1715¢ 1544: 1389¢ 1250¢ 1125 10131
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Averagt
2010202(

(where
applicable

1.07
49.0z
62C
48t
110¢
91

£ 241t

35%
£84¢

2.5C
£33¢

1.8
£617

£ 63.81!
9671

1.87
1812¢
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Decommissioning

Oil and gas operators in UK territorial waters are obliged ?
return the sea bed to its original state. As the early field |
begin to be axhausted there is developing experience of §
decommissioning, and #re are serious attempts to sprea
the incomes to be earned from this amongst UK and
Norwegian companies.

The estimated cost is of the order of £25 bn, and this is
expected to be spent over the next 15 years or so. It
includes not just the decommissiamg of structures, but
the sealing poff of oil and gas reservoirs ahgb the
cleaning and decommissioning of pipelines, even though
is likely that most of those will be allowed to remain on theg .
seabed.

Aberdeen is likely to be a service centre for
decommissioning, and possibly Nigg a yard for the
dismantlement of structures.

Decommissioning liabilities from a financial point of view
lie to a significant extent with the taxman, as the earliest,
kargestand most difficult to demolish structures were
liable to petroleum revenue tax in the late 1970s and earl
1980s. What does not lie with the taxman lies in peravcti
with a relatively small number of large companies, even
though the licence obligation oan principle revert to
almost every company that has ever appeared as a part
the licence.
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Nuclear power

ExistingNuclearCapacityClosure Dates

Current capacity for nuclear generation in the UK is 10 GW, and all except one
Projected nuclear capacity - present pl power station are due talose between now and 202%ife extensionsare
expected, but even thesenly put the main part of the decline back from
TosEE 2015 to 2020.

oS B HEYSHAM 2 The Scottish Government is opposed to the construction of nuclear power
FIDUNGENESS B2 stations in ScotlandBut EDF, based in Edingh, are among the leading
TPHERESE contractors and Scotland has a number of engineering companies which
provide equipment for nuclear power stations all over the world

12

B HUNTERSTON

O HINKLEY POINT

m—evsnan The following text isherefore based on the December 2009 Ofgem/DECC

TR market oulook. ThepreviousUKGovernment believe that new nuclear

. power stationsshould have a role to play ingt® 2 dzy (G NB Q& rhixzi dzZNB Sy
— Delayed closures alongside other low carbon sources; that it would béhie public interest to

scenario

Mw

CIWYLFA

allow energy companies the option of  station Capacity ~ Closure
Source: Ofgem/DECC . . . . date?
0 — e NN e ane, | INVESTING IN newnuclear power stations; ., 430 2010
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 and that theGOVernment Should take Wy|fa 980 2012 - 2014
active steps to facilitate thisThar White Paper described a series of facilitative actions that the Government would?° 1190 2014 -2019
take to enable energy companies to invest in new nuclear power statibne Office for Nuclear Development, Whichi, . o o e
sits within DEC®ad beenmmaking good progress on these facilitative actiapauntil the General Election Hunterston 860  2016-2021
Under one of the facilitative actions, thevious UKGovernment conducted a Strategic Siting Assessi{f&SA) to EE:Z:::: EZ Ziﬁ 222
establish which sites in England and Wales are potentially suitable for the deployment of new nuclear power statiems 2 1240 2023
by the end of 2025A list of ten potentially suitable sites was included in the draft National Policy Statement (NPS) 10} o o
nudear power, published for consultation and Parliamentary scrutiny on 9 Nove2@@ Within the context of the Source: Ofger
overall strategic framework set lifie then Government, in principle new nuclear should be free to contribute as Ref P243 nuki

much as possible towards meegj the need for 25GW of new naanewable capacity
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UK-level political considerations

ThepreviousGovernment expeed that under this approach a significant proportion of the 25GWUld in practice be filled by nuclear power, with the
first generating fant available from @18 and the possibility of 6 reactors operating by 204this would amount to perhaps 60 per cent or more of the
generation gap.

However miclear power is one of the issues potentially dividing the new Coalition Partnertp &iatdlethis difficultythe following wasset down
specifically in the Coalitiomgreementnegotiatd by the Conservative and Liberal Democrat parties

Liberal Democrats have long opposed any new nuclear construction. Conservatives, by contrast, are conaltotiédgahe replacement of
existing nuclear power stations provided they are subject to the normal planning process for major projects (under anawplzamning
statement) and provided also that they receive no public subsidy.

We have agreed a press that will allow Liberal Democrats to maintain their opposition to nuclear power while permitting the government to bring
forward the national planning statement for ratification by Parliament so that new nuclear construction becomes possible.
This praess will involve:
7 the government completing the drafting of a national planning statement and putting it before Parliament;
7 specificagreement that a Liberal Democrat spokesman will speak against the planning statement, but that Liberal Democrat MPs will
abstain;
77 and clarity that this will not be regarded as an issue of confidence.

Many commentators have remarked thaven thoughCharles Hendry, the Conservative Energy Minister, will be directly responsible for overseeing nuclear
policy,the responsible Ministein overall charge of the Department of Energy and Climate Change, Chris iutnhéeral Democratde has stated that
KS KIa y2 2062S8S00GA2Yy AY LINAYyOALX S (G2 ydzOf SI NJ L3 ¢ S N&hasrakdiriigated tkat they” i
/2 fAGA2Y KFa 3INBSR Wy2(d (2 &dzoaAiARAaSsS ydogth& thibldowed dihddDinsurghBe akd- & 06 SSy NB
decommissioning costs.

We would add that the likely necessary schedule for nuclear power constryetmoithe one envisaged by the previous Governmgogssignificantly
0 S & 2theRepl&ement of existing olear power station@s the Conservative commitment is described in the Coalition document. Although a significant
nuclear programme is very likely, there isignificantpossibility of delays and political frustratians
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Scenario;: RUKNUC

Profile
2010 2011

Capacity 0.0 0.0
Annual increment 0.0
Development cost - plant mn £/GW £1.00 £1.00
Development cost - plant, total 0.000 0.000
Development cost - construct and connect - mn £/GW
Development cost - install and connect - total
Development Cost £mn (2010)/GW
Cost of capacity increment
Phased cost: 20/40/40 £0.00 £0.000
Scottish market share plant 25.0% 25.0%
Scottish market share installation and connection 4% 4%
Scaottish sales - plant
Scottish sales - install & connect
Total Scottish sales
Overall Scottish share of expenditure
Sales: GVA ratio - plant 2.54 2.54
Sales: GVA ratio - construct and connect 2.27 2.27
Direct GVA
GVA Multipliers - plant (Scotland) 1.80 1.80
GVA Multipliers - install and connect (Scotland) 1.95 1.95
Annual GVA Benefit £0.000

GVA/ job (direct, plant)

GVA/ job (direct, installation, etc)
Direct jobs - plant

Direct jobs - construction &c
Total direct jobs

Employment multiplier - plant 1.63 1.63
Employment multiplier - installation 1.93 1.93
Annual jobs

serr8

2012

0.0
0.0

£1.00
0.000

£0.000

25.0%
4%

£0.000
£0.000
£0.000

0%

2.54
2.27
£0.000

1.80
1.95
£0.000

£ 44168 £ 44168 £ 44.168
£ 52721 £ 52721 £ 52.721

0
0
0

1.63
1.93
0

2013

0.0
0.0

£1.00
0.000

£0.000

25.0%
4%

£0.000
£0.000
£0.000

0%

2.54
2.27
£0.000

1.80
1.95
£0.000

£ 44.168
£ 52.721
0
0
0

1.63
1.93
0
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Nuclear Programme in rest of UK

2014

0.0
0.0

£1.00
0.000
£1.00
0.000
£2.00
£0.000
£0.400

25.0%
4%

£0.050
£0.008
£0.058

14%

2.54
2.27
£0.023

1.80
1.95
£0.042

£ 44.168
£ 52.721
446

67

512

1.63
1.93
856

0.0 GW in 2010 5.0 GW in 2020

2015 2016 2017 2018 2019 2020
0.0 1.0 2.0 3.0 4.0 5.0
0.0 1.0 1.0 1.0 1.0 1.0
£1.00 £1.00 £1.00 £1.00 £1.00 £1.00
0.000 1.000 1.000 1.000 1.000 1.000
£1.00 £1.00 £1.00 £1.00 £1.00 £1.00
0.000 1.000 1.000 1.000 1.000 1.000
£2.00 £2.00 £2.00 £2.00 £2.00 £2.00
£0.000 £2.000 £2.000 £2.000 £2.000 £2.000
£1.200 £2.000 £2.000 £2.000 £2.000 £2.000
25.0%  25.0%  25.0%  25.0% 25.0%  25.0%
4% 4% 4% 4% 4% 4%
£0.150 £0.250 £0.250 £0.250 £0.250 £0.250
£0.024 £0.040 £0.040 £0.040 £0.040 £0.040
£0.174 £0.290 £0.290 £0.290 £0.290 £0.290
14% 14% 14% 14% 14% 14%
2.54 2.54 2.54 2.54 2.54 2.54
2.27 2.27 2.27 2.27 2.27 2.27
£0.070 £0.116 £0.116 £0.116 £0.116 £0.116
1.80 1.80 1.80 1.80 1.80 1.80
1.95 1.95 1.95 1.95 1.95 1.95
£0.127 £0.211 £0.211 £0.211 £0.211 £0.211
£ 44168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168
£ 52721 £52.721 £52.721 £52.721 £52.721 £52.721
1337 2228 2228 2228 2228 2228
200 334 334 334 334 334
1537 2562 2562 2562 2562 2562
1.63 1.63 1.63 1.63 1.63 1.63
1.93 1.93 1.93 1.93 1.93 1.93
2568 4279 4279 4279 4279 4279

cogentsi

Average
2010-
2020
(where

applicable)

1.4
0.5

£1.00
0.455
£1.00
0.714
£2.00
£1.429
£1.055

25%
4%

£0.16
£0.03
£0.19

11%

2.54
2.27
£0.07

0.123

£ 44.168
£52.721
1436

215

1651

1.63

1.93
2758
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Nuclear decommissioning

The nuclear legacy comprises a range of technical, social, politi
and moral obligations to future generations to clean up and
recover the longived and potentially dangerous remains of a
nuclear industry that is now 60 years old.

The symbolismofthe NIiA 4G Qa A YLINBA&AZ2Y
realised, because it has now been decided to demolish the sp
but it brings to mind significant achievements of the Scottish
decommissioning industry so far.

More than twenty sites are scheduled for decommissigni
across the UKand although (as we say on P&$ the schedule
may be extended, they represent a real business opportuhityugh and beyon@025.

About 10 per cent of the legacy costs are site infrastructure, about 40 per cent decommissindisige reclamatiomper se, and about half waste handling

and storage Scottish firms have been involvadall threeactivitiesto date, particularly at tk three Scottish closures iHunterston, Dounreay and
Chapelcross Howeverven in Scotlanthe majority of the business has been takanfirms from the NorthNVest of Englandpften in partnerships with
American companiesbut also often using Scottish wi@rs and sulzontractors Participation in storage of ne8cottish and no#tJK waste in Scotland has,

as elsewhere, proved controversial. The industries involved in decommissioning and decontamination
(D&D in the trade) range from mos@-less routine denolition to highly sophisticated knowleddmsed
O2YLI yASa o0GKS WiSOKYyAOlFt OzyadzZ GFyde aSOG2NI Ay [/
decommissioning of Dounreay) and the highly engineered installations they design.

Since safety is the highestiprity and there are many different designs of reacttire total cost and
timespan of decommissioning activities has proved hard to estimate and the precise figures for market
size are very uncertain.

This has also led to economic development consegasiin coping with the sociemificatiors of

decommissioning: for example in Caithness and Sutherland the Dounreay establishment supported

Fo2dzi 2yS GKANR 2F (KS O2dzyiASaqQ SO2y2yeéesx odzi GKS
dependent on whathe Nuclear Decommissioning Agency is able to save from its technical budget.
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Cleaning upcoal

Coal power station retiral

Current capacity for coal generation in the UK is about 28 QWite apart from issues of economics and engineering life, closyrarbdf this capacity is
now scheduled over the next 5 years as a result of the Large Combustion Plant Directive (LCPD), which restricts suiphuCéraig® of the remainder
will proceed over the subsequentXD years as a result of the politicadlgreed Industrial Emissions Directive (IED§us a need for 2GW per year of
replacement capacity is being driven by-lEldel commitment on environmental and climate change measuhescotland, Cockenzie (1.2GW) must close
uUKNBS

by 2016 Fitting flue gas8 & dzf LIK dzZNR &l G A2 Y

g2

to late closure.

2F [ 2y 3L yySi

cogent_éi

LI26SNJ alil GA2y@A TF2dzNI

UK Government scenarios show an almost linear decline in coal capacity, as the initial closure programgeg i€odfset by various clean coal
demonstration projects However, based on low coal prices, they suggest that the capacity will be intensively used as long as is p@hmitdharts are

from the DECC/Ofgem Energy Markets Outlook December 2009.
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Coal sourcing

From a global total of 6.4 bn tonnes, China is by far the largest producer of coal in the wor

cogentsi

2.5 bn tonnesl/year It is followed by the USA, Indiaustralia, and Russia at 1.0, 0.5, 0.4 and ,'.', i
0.3 bn All countries serve primarily their domestic markets, except for Australia which =

nowadays exports mainly to Chin®lost imported UK coal comes from Russia, with Australil

the USA, South Africa and Columbia each supplying about 10 per cent

350

300

200

mn tonnes

150

100

50

UK coal prodn

(resources 29000 bn tons)

250

11900

119201

11940
11960 1
11980

2000
20201
2040

2060 1

2080 1

2100

= UK coal prodn
(resources 2900
bn tons)

Projected
capacity

=== DECC projectior|

Source: projection:
cogentsi

World Assumption
Generator

Data sources: UK
Department of Energy
and Climate Change

Imports fromRussia alone are thus approximately the

serr8
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same as UK productiorA significant proportion of
imported UK coal is handled through the Hunterston
deepwater facility on the Clyde, whichdk almost
12mn tonnes in 2006 and is one of only four UK ports
large enough to handle the most modern coal vessels.

¢CKS ''YQa 2¢y O2I t 2 dziLidzi
tonnes/year in 1913 and has now fallen to 17 mn,
slightly less than a third of consumption

LIS 7 &

59/ / Qa LX I yyAy3 Oltldok Devendiek 2y o0 al
2009) is for 20 mn tames output Based on the
RSt AOSNXrGA2ya 2F 59/ / Qa W'y [ 2

seems high in the light of remaining reserves in current
workings and recent production declines.
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Carbon capture and storage investment programme

The UK Coalitioovernmenthasannounced it will antinue the previousGovernment's proposals for public sector investmentanbon capture and
storagetechnology(CCSlor four coalfired power stations It has alsmadea specific commitment testablish an emissions performans&ndard that
will prevent coaffired power stations being built unless they are equipped with sufficient CCS to meet the staGaanoled with the generation gap this
provides enormous incentive for companies to design, test and implement carbon eaptdrstorage. This is innovative technology and the Scottish
Centre for Carboistoragerepresents thdargest concentration of researchers in the.UK

Although no fully operation CCS power plant has been built anywhere in the world, more than 20 expedantepilots are operating (Haszledine 2008)
NELR2NI (G2 GKS / KAST {OASYUGATAO ! ROAAa2NI T2 Ngrirhadlgin daling/aquifétd iroffsDteyv@tersizR SR G K I {
exceeds that of the Netherlands, Denmark and Gernmamgbined and will meet domestic demand for 200 years. Thus, subject to pipeline availability it

can be opened for other users. Even though transport is a significant element of cost, the catchment area could inclatlEmgtestd and significant

swathes of continental Europe.

Thevolume and thecostestimates used in the scenario are at the upper end of
the range put forward. Significant technical progress is expected, so costs in
real terms areexpected to be lower in the 2020s, when the technology will be
deployed on a largescale. The assumption d2 GWnew CCS&oal capacity
comesjust abovethe uppero m @0 OF &S 2F (G KS LINBJA 2 dza |
il g paperand the6. Modellers indicate thathis is only likely to happen if the cost
CO2 plume of emitting a tonne of CO2 is set by eapd-tax or emission trading schemes at
around or above&50/tonne, arounde200/tonne of coal.

CO, storage options

~

Oil and Gas
Reservoir

ca.2miles
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Scenario: CCS

Carbon capture, transport and storage

Profile
2010 2011 2012

Capacity of new and retrofit CCS coal power s 0.00 0.00 0.00
TWh output at 100% load factor 0.0 0.0 0.0
Load factor 70% 70% 70%
TWh output 0.00 0.00 0.00
Efficiency 38.0% 38.5% 39.0%
TWh input (fuel used) 0.00 0.00 0.00
Calorific value TWh/tonne 7.24 7.24 7.24
Estimated annual coal consumption mn tonnes 0 0 0
CO2 generation (mtpa of CO2) 0 0 0
Value of one tonne CO2 (£) 0 40 40
Value of CO2 0 0 0
Annual CO2 value per GW
Opex/toe (£2008) £ 5989 £ 59.88 £ 61.32
Total opex £ - £ - £ -
Scottish market share 45% 45% 45%
Total Scottish sales £0 £0 £0
Sales: GVA ratio 2.13 2.13 2.13
Direct GVA £0 £0 £0
GVA Multipliers 1.83 1.83 1.83
Annual GVA Benefit £0 £0 £0

GVA/ job (direct)
Direct jobs

Employment multiplier
Annual jobs

serr8

£ 63.811 £ 63.811 £ 63.811

0 0 0
1.87 1.87 1.87
0 0 0
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0.0 GW in 2010 4.0 GW in 2020

2013 2014 2015 2016 2017 2018 2019 2020
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
8.7 17.5 26.2 34.9 43.7 52.4 61.2 69.9
70% 70% 70% 70% 70% 70% 70% 70%
6.12 12.23 18.35 24.46 30.58 36.69 42.81 48.92
39.5% 40.0% 40.5% 41.0% 41.5% 42.0% 42.5% 43.0%
15.48 30.58 45.30 59.66 73.68 87.36 100.72 113.77
7.24 7.24 7.24 7.24 7.24 7.24 7.24 7.24
2 4 6 8 10 12 14 16
8 15 23 30 37 44 51 58
40 40 40 40 40 40 40 40
313 619 917 1208 1492 1769 2039 2304
313 310 306 302 298 295 291 288
1281.6 12655 1249.9 1234.7 1219.8 1205.3 1191.1 1177.3

£ 6325 £ 6563 £ 6838 £ 7148 £ 7490 £ 7864 £ 8270 £ 87.09
£ 19828 £ 20316 £ 20907 £ 21587 £ 22348 £ 23185 £ 24095 £ 25079

45% 45% 45% 45% 45% 45% 45% 45%
£8923 £9142 £9408 £9714 £10057 £10433 £10843 £11286
2.13 2.13 2.13 2.13 2.13 2.13 2.13 2.13
£4194 £4297 £4422 £4 566 £4 727 £4 904 £5 096 £5 304
1.83 1.83 1.83 1.83 1.83 1.83 1.83 1.83
£7654 £7842 £8070 £8 333 £8 627 £8 950 £9 301 £9 681

£ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811 £ 63.811

119948 122897 126473 130588 135191 140253 145762 151715
1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87
224800 230328 237029 244741 253368 262855 273179 284336

cogentsi

Average
2010-2020
(where
applicable)

3.27

6.61
24
36

969
300

£ 70.29
£ 16122

45%
£7 255

2.13
£3 410

1.83
£6 223

£ 63.811
97530

1.87
182785
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Renewables
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Wind power
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Wind power generation using technology

NEO23IyAalof e

tA1S (2RI &Qa

1980, and the early large scale growth was in

America, where Glasgow | & S R

l 26 RSy Q4

notable supplier Under more conservative
governments fiscal incentives tihe USA were
reduced and the US market almost vanished under
President Reagan and the Bush&enmark,
Germany and the Netherlands began to lead world
markets, followed by the UKUp until 1995 global
installed capacity grew at a rate around 40 per cent
per year, and since then it has grown at around 25
per cent The projected figures shown in the chart,
rising to 550 000 MW in 2020 are based on a 12 per
cent annual growth rate in installed capacity, which
is very conservative by historical standar@sIM
Consult, one of the longesistablished industry
consultants, project 16 per cent to 2015
Continuation of recent growth rates would lead to a
much higher figure of 1 900 000 MW in 2020, a
figure which the World Wind Energy Association

has said is paible.

In 2009 Cima continued its role as the locomotive of the international wind industry and add&@D@IMW of capacity within one year, more than

doubling the installations for the fourth year in a roWrhis meant that in 2009 China became numlves in total capacity, slightly ahead of Germany,

both of them with around 2®00 Megawatt of wind capacity installedhe USA maintained its number one position in terms of total installed capacity,
fiscal incentives have now returned at federal level anel supplemented in some states, so the driving market is onshore wind, for example in Texas and

serr8
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AY [ 2t2NIFR2 gKSNB +£Saidl asx GKS ¢2 NI RSuthirvésthBnS deihainiadpnible gh$S ivderitivedainky fedeid G I 0 f
ones, being renewed or replaced as they expiféere is some US interest in offshore wind

In Europe compulsory renewables targets effectively guarantee that incentive taxes and tariffs will continue in sometfiamal, fiom windfarms is coming
under pressure, and much future growth is expected to be offshore, in the Baltic and the NortiBBan already has more offshore wind capacity than
any other country, and has more suitable waters, so offshore wind can be seen as a very large, and dysBnitishe renewable energy opportunity
Round 1 (1200 MYVandRound 2 (7600 MW) of offshoiengland licensing were completed in 2001 and 2@8&velopments in Scottish territorial waters
are expected in due course to total up to 6 400 MW and the lgginthese is arrangedRecent announcements by the Crown Estates (12 Jan 2010) put
the capacity likely to be achieved in deeper water offshore the UK as a whole over the next 15 years orQi®d¢182 Britain is, and will remain for

some time, thdargest offshore wind market in the world, and although daunting today, this total increase in capacit9@F30000 MW (including

inshore English waters) must be set in the context of a European increase which plausibly may exceed 250 000 MW

The question is: who will supply and install the equipment? German and Danish suppliers are in the lead, with Chinese, Japbiteserapanies

interested The Carbon Trust, the British Wind Energy Association and others have held out the prospect @&rdigodicomic benefit if some or all of the
manufacturing process can be located in the Bldwever, while historically there have been various manufacturing adventures in Scotland and elsewhere
in Britain, studies for Scottish Enterprise have discountedprospects for UK manufacture of wind energy turbines (OTM and Dedsgssvood, 2006

and 2003).

The Reckoner has been used in this report to evaluate four wind scenarios:
1 one onshore Scotland,
1 one covering Scottish territorial waters, and
1 two dealingwith the UK continental shelf

The onshore scenario is couched in terms of the Planning system, which has recently been simplified, having beenactimitingieévelopments so far
The Scottish territorial waters have been estimated as permittiegelopments up to 6.4 GW (Crown Estate, 2009 February) and the scenario for these
envisages the capacity being supplied over the period 2014 (the earliest installation date envisaged by Crown Esta®s) and 20

Of the two deepwater scenarios, one hasgngficant British assembly and fabrication plant, and one is withtuthe first case we have assumed that
Scotland will achieve a 20 per cent supplier share of the market, and in the second only 7 p&irdénihe choice of technologies is narrowddwn these
are highly uncertain figures: for example different methods of anchoring the turbines to the seabed could engage veny siffgriéers, and the location
of any fabrication or assembly plant is unknowirhere are concerns that some partstioé supply chairg such as installation vessejsvill not materialise
in time.
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Costs are uncertain and some cost estimates for offshore have been as higmag£8 megawatt

Of a'the airts the wind can blaw,

I dearly like the west, (compared with £1.2 mn and less per MW onshotdistorically through the 1980s and 1990the cost
For there the bonie lassie lives, per megawatt of wind capacity has declined both as a result of manufacturers learning through
A Foot experience and of economies of scale as it has become possible to construct larger tulbiaedgition,
~ RBums, the timing of taiff and investment
Ellisland, 1788 . . . . .
incentives, especially in the United States, . . . :
Location Operational Construction Consented Planning
has exacerbated normal market cycls  ,, . yeenshire 62 137 108
that prices and the financiaiability of Angus 7 4
turbine manufacturerdiavefluctuated As Argyll & Bute 96 80 106 156
regards offshore installations, for example Ayrshire 96
there have been sigficant upward CElifmEss 20
revisions of cost estimates in recent years BE?JZ:SC?WG"""OW&W 132 185 131 2t
These have been blamed by developers ¢ o rshire 13 460
and operators on unexpected technical  gast Lothian 48
complexities, but some commentators East Renfrewshire 324 151
have ascribed them to market pressure foiFife 293 27 8
turbines and for installation bargegrom  Highland e & 2 2T
aBritish point of view therehas also been mi';’;h'an o1 " 2:?
pressure from exchange rates as sterling .. soaliine 42 44 120
has fallen against the Euro and, to an Nt Lemeriie 30 24
extent, against the dollarHistorically the  Orkney 24 2 7 13
cost per megawatt of wind turbines has  Perth & Kinross 64 220 64
fallen as a result of the learning processrianufacturing them and economies of scale. SEEHiTE EE Er el 20 (& eI
Shetland Islands 4 540
In each of the cases the cost of the turbines and of construction/installation has been har South Ayrshire 130 150 90 20
separately Offshore the installation is expected to account for half or more of the capital South Lanarkshire 150 579 265
cost, whereas onsherit is typically 30 per cemtless in more accessible sites. Sig 13 o e
West Lothian 14 30 69
The table shows the dissition of onshore wind in Scotland, with 2 000 MW operational, Western Isles 5 58 267
7 000 under construction, a further 2 000 consented and abod®@ in the planning process Total 2003 734 2052 4123

Source: BWEA TO BE UPDATED BEFORE PUBI
Ref P243 Scotc
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Scenario: ONScot

Onshore Wind, Scotland

Profile
2010 2011 2012 2013
Capacity 2.0 2.4 2.7 3.4
Annual increment 0.4 0.4 0.7
58St 2LYSyid 02ad nm LX I ydl08y ek@?2 0.98 0.95
wSFf SEOKIFYy3aS NIGS exkm 1.10 1.10 1.10 1.10
Development cost - plant mn £/GW £0.95 £0.92 £0.89 £0.86
Development cost - plant, total 0.000 0.322 0.311 0.574
Development cost - install and connect - mn £, £0.31 £0.30 £0.29 £0.27
Development cost - install and connect - total 0.000 0.104 0.101 0.182
Development Cost £mn (2010)/GW £1.26 £1.22 £1.18 £1.13
Cost of capacity increment £0.442 £0.426  £0.784
Phased cost: 20/40/40 £0.26 £0.504 £0.532  £0.556
Scottish market share plant 8% 8% 8% 8%
Scottish market share installation and connection 95% 95% 95% 95%
Scottish sales - plant £0.016 £0.032 £0.033 £0.035
Scottish sales - install & connect £0.061 £0.117 £0.124  £0.127
Total Scottish sales £0.077 £0.149 £0.157 £0.162
Overall Scottish share of expenditure 30% 30% 30% 29%
Sales: GVA ratio - plant 2.54 2.54 2.54 2.54
Sales: GVA ratio - install and connect 2.27 2.27 2.27 2.27
Direct GVA £0.03 £0.06 £0.07 £0.07
GVA Multipliers - plant (Scotland) 1.80 1.80 1.80 1.80
GVA Multipliers - install and connect (Scotland) 1.95 1.95 1.95 1.95
Annual GVA Benefit £0.06 £0.12 £0.13 £0.13
GVA/ job (direct, plant) £ 44168 £ 44.168 £ 44.168 £ 44.168
GVA/ job (direct, installation, etc) £ 52721 £ 52.721 £ 52721 £ 52.721
Direct jobs - plant 147 283 298 313
Direct jobs - instalation &c 508 977 1033 1063
Employment multiplier - plant 1.63 1.63 1.63 1.63
Employment multiplier - installation 1.93 1.93 1.93 1.93
Annual jobs 1219 2346 2478 2562
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2014

4.0
0.7

0.92
1.10
£0.84
0.557
£0.26
0.175
£1.10
£0.239
£0.489

8%
95%

£0.031
£0.111
£0.142

29%

2.54
2.27
£0.06

1.80
1.95
£0.12

£ 44.168
£ 52.721
276
927

1.63
1.93
2240

0.0 GW in 2010

2015 2016 2017
4.7 5.2 5.6
0.7 0.5 0.5
0.89 0.87 0.85
1.10 1.10 1.10
£0.81 £0.79 £0.77
0.542 0.373 0.364
£0.25 £0.25 £0.24
0.169 0.117 0.115
£1.07 £1.04 £1.01
£0.732 £0.503 £0.490
£0.592 £0.493 £0.481
8% 8% 8%
95% 95% 95%
£0.038 £0.031 £0.030
£0.134 £0.112 £0.109
£0.171 £0.143  £0.140
29% 29% 29%
2.54 2.54 2.54
2.27 2.27 2.27
£0.07 £0.06 £0.06
1.80 1.80 1.80
1.95 1.95 1.95
£0.14 £0.12 £0.12
£ 44.168 £ 44.168 £ 44.168
£ 52.721 £52.721 £52.721
335 279 272
1116 932 914
1.63 1.63 1.63
1.93 1.93 1.93
2700 2254 2206

4.0 GW in 2020

2018 2019 2020
6.1 6.6 7.1
0.5 0.5 0.5
0.83 0.80 0.78
1.10 1.10 1.10
£0.75 £0.73 £0.71
0.355 0.343 0.333
£0.24 £0.23 £0.23
0.112 0.111 0.109
£0.99 £0.96 £0.94
£0.478 £0.467 £0.454
£0.469 £0.457 £0.445
8% 8% 8%
95% 95% 95%
£0.030 £0.029 £0.028
£0.107 £0.106 £0.104
£0.137 £0.135 £0.132
29% 29% 30%
2.54 2.54 2.54
2.27 2.27 2.27
£0.06 £0.06 £0.06
1.80 1.80 1.80
1.95 1.95 1.95
£0.11 £0.11 £0.11
£44.168 £ 44.168 £ 44.168
£52.721 £52.721 £52.721
264 257 249
896 883 868
1.63 1.63 1.63
1.93 1.93 1.93
2159 2122 2081

Average
2010-202(
(where
applicable)

4.5
0.5

0.90
1.10
£0.82
0.370
£0.26
0.118
£1.08
£0.502
£0.480

8%
95%

£0.03
£0.11
£0.14

2.54
2.27
£0.06

£0.12

£ 44.168
£52.721
270
920

1.63
1.93
2215
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Scenario: OWScot Dffshore Wind Scottish territorial water
0.0 GW in 2010 4.0 GW in 2020
Profile
Average
2010-202(
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 (where

applicable)
Capacity 0.0 0.0 0.0 0.0 0.5 1.1 16 2.1 2.7 3.2 3.7 14
Annual increment 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.4
Development cost - plant mn $/GW 1.09 1.04 1.00 0.96 0.93 0.89 0.86 0.83 0.80 0.77 0.74 0.90
Real exchange rate $/£ 1.60 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 151
Development cost - plant mn £/GW £0.68 £0.70 £0.67 £0.64 £0.62 £0.60 £0.57 £0.55 £0.53 £0.51 £0.49 £0.60
Development cost - plant, total 0.000 0.000 0.000 0.000 0.330 0.318 0.306 0.295 0.284 0.273 0.263 0.188
Development cost - install and connect - mn £, £3.20 £2.99 £2.79 £2.60 £2.43 £2.27 £2.12 £1.97 £1.84 £1.72 £1.61 £2.32
Development cost - install and connect - total 0.000 0.000 0.000 0.000 1.295 1.209 1.128 1.053 0.983 0.917 0.856 0.676
Development Cost £mn (2010)/GW £3.88 £3.68 £3.46 £3.24 £3.05 £2.86 £2.69 £2.53 £2.37 £2.23 £2.10 £2.92
Cost of capacity increment £0.000 £0.000 £0.000 £0.797 £1.625 £1.526 £1.434 £1.348 £1.267 £1.191 £0.919
Phased cost: 20/40/40 £0.00 £0.000 £0.159  £0.644 £1.274 £1.547 £1.454 £1.366 £1.284 £1.207 £1.135 £0.915

Scottish market share plant 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8%

Scottish market share installation and connection 40% 40% 40% 40% 40% 40% 40% 40% 40% 40% 40%
Scottish sales - plant £0.00 £0.00 £0.00 £0.01 £0.02 £0.03 £0.03 £0.02 £0.02 £0.02 £0.02 £0.02
Scottish sales - install & connect £0.00 £0.00 £0.05 £0.21 £0.41 £0.49 £0.46 £0.43 £0.40 £0.37 £0.35 £0.29
Total Scottish sales £0.00 £0.00 £0.05 £0.22 £0.43 £0.52 £0.48 £0.45 £0.42 £0.40 £0.37 £0.30
Sales: GVA ratio - plant 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54
Sales: GVA ratio - install and connect 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27
Direct GVA £0.00 £0.00 £0.02 £0.10 £0.19 £0.23 £0.21 £0.20 £0.18 £0.17 £0.16 £0.13

GVA Multipliers - plant (Scotland) 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80

GVA Multipliers - install and connect (Scotland) 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95

Annual GVA Benefit

GVA/ job (direct, plant) £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168
GVA/ job (direct, installation, etc) £ 52721 £ 52721 £ 52.721 £ 52.721 £ 52.721 £ 52.721 £52.721 £52.721 £52.721 £52.721 £52.721 £52.721
Direct jobs - plant 0 0 23 95 192 239 230 222 214 206 198 147
Direct jobs - instalation &c 0 0 429 1724 3391 4093 3820 3565 3328 3106 2899 2396
Employment multiplier - plant 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63
Employment multiplier - installation 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93
Annual jobs 0 0 866 3481 6856 8286 7745 7240 6769 6328 5916 4862
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Scenario: OWUKCS10 Offshore Wind UK continental shelf
0.0 GW in 2010 4.0 GW in 2020
Profile Average
2010-
2020
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 (where
applicable)
Capacity 0.0 0.0 0.0 0.0 2.8 5.6 8.4 11.2 14.0 16.8 19.6 7.1
Annual increment 0.0 0.0 0.0 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.0
58St 2SSy i 02&d m LI I ydl0sy ek@? 0.98 0.95 0.92 0.89 0.87 0.85 0.83 0.80 0.78 0.90
wStf SEOKFYy3aS NIGS ekm 110 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
Development cost - plant mn £/GW £0.95 £0.92 £0.89 £0.86 £0.84 £0.81 £0.79 £0.77 £0.75 £0.73 £0.71 £0.82
Development cost - plant, total 0.000 0.000 0.000 0.000 2.341 2.277 2.217 2.160 2.107 2.039 1.979 1.375
Development cost - install and connect - mn £/GW £1.97 £1.68 £1.53 £1.43 £1.36 £1.31 £1.26 £1.51
Development cost - install and connect - total 5.519 4.706 4.287 4.012 3.812 3.655 3.528 4.217
Development Cost £mn (2010)/GW £2.81 £2.49 £2.32 £2.20 £2.11 £2.03 £1.97 £2.28
Cost of capacity increment £0.702 £7.860 £6.983 £6.504 £6.173 £5.918 £5.694 £5.691
Phased cost: 20/40/40 £0.00 £0.000 £0.140 £1.853 £4.822 £7.238 £6.629 £6.254 £5.975 £5.746 £5.549 £4.019
Scottish market share plant 7% 7% 7% 7% 7% 7% % % 7% 7% 7%
Scottish market share installation and connection 12% 12% 12% 12% 12% 12% 12% 12% 12% 12% 12%
Scottish sales - plant £0.003 £0.039 £0.101 £0.165 £0.158 £0.153 £0.149 £0.144 £0.140 £0.12
Scottish sales - install & connect £0.012 £0.156 £0.406 £0.585 £0.524 £0.488 £0.462 £0.443 £0.427 £0.39
Total Scottish sales £0.015 £0.195 £0.507 £0.751 £0.683 £0.641 £0.611 £0.587 £0.566 £0.51
Overall Scottish share of expenditure 11% 11% 11% 10% 10% 10% 10% 10% 10%
Sales: GVA ratio - plant 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54
Sales: GVA ratio - install and connect 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27
Direct GVA £0.006 £0.084 £0.218 £0.323 £0.293 £0.275 £0.262 £0.252 £0.243 £0.22
GVA Multipliers - plant (Scotland) 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80
GVA Multipliers - install and connect (Scotland) 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95
Annual GVA Benefit £0.012 £0.162 £0.421 £0.620 £0.563 £0.528 £0.503 £0.483 £0.466 0.417
GVA/ job (direct, plant) £ 44168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168
GVA/ job (direct, installation, etc) £ 52721 £ 52721 £ 52.721 £ 52.721 £ 52.721 £ 52.721 £52.721 £52.721 £52.721 £52.721 £ 52.721 £52.721
Direct jobs - plant 26 344 896 1472 1410 1366 1327 1284 1244 1041
Direct jobs - instalation &c 99 1304 3393 4888 4379 4074 3856 3696 3562 3250
Total direct jobs 125 1648 4288 6360 5788 5439 5183 4980 4806 4291
Employment multiplier - plant 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63
Employment multiplier - installation 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93
Annual jobs 233 3077 8006 11832 10747 10087 9604 9225 8902 7968
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Scenario; OWUKCS20 Offshore Wind UK continental shelf

0.0 GW in 2010 4.0 GW in 2020
Profile Average
2010-
2020
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 (where
applicable)
Capacity 0.0 0.0 0.0 0.0 2.8 5.6 8.4 11.2 14.0 16.8 19.6 7.1
Annual increment 0.0 0.0 0.0 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.0
Development costLJt | Y ew y € 1.05 1.01 0.98 0.95 0.92 0.89 0.87 0.85 0.83 0.80 0.78 0.90
wSlf SEOKEY3IS NIGS ¢ 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
Development cost plant mn 2GW £0.95 £0.92 £0.89 £0.86 £0.84 £0.81 £0.79 £0.77 £0.75 £0.73 £0.71 £0.82
Development cost - plant, total 0.000 0.000 0.000 0.000 2.341 2.277 2.217 2.160 2.107 2.039 1.979 1.375
Development costinstall and connectmn £ GW £1.97 £1.68 £1.53 £1.43 £1.36 £1.31 £1.26 £1.51
Development cost - install and connect - total 5.519 4.706 4.287 4.012 3.812 3.655 3.528 4.217
Development Cost £m(2010/GW £2.81 £2.49 £2.32 £2.20 £211 £2.03 £1.97 £2.28
Cost of capacity increment £0.702 £7.860 £6.983 £6.504 £6.173 £5.918 £5.694 £5.691
Phased cost: 20/40/40 £0.00 £0.000 £0.140 £1.853 £4.822 £7.238 £6.629 £6.254 £5.975 £5.746 £5.549 £4.019
Scottish market share plant 10.5% 10.5% 10.5% 10.5% 10.5% 10.5% 105% 10.5% 10.5%  10.5%  10.5% 11%
Scottish market share installation and connection 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25%
Scottish sales - plant £0.004 £0.058 £0.151 £0.248 £0.237 £0.230 £0.223 £0.216 £0.209 £0.18
Scottish sales - install & connect £0.025 £0.325 £0.846 £1.219 £1.092 £1.016 £0.962 £0.922 £0.889 £0.81
Total Scottish sales £0.029 £0.383 £0.997 £1.467 £1.330 £1.246 £1.185 £1.138 £1.098 £0.99
Overall Scottish share of expenditure 21% 21% 21% 20% 20% 20% 20% 20% 20% 20%
Sales: GVA ratio - plant 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54
Sales: GVA ratio - install and connect 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27
Direct GVA £0.013 £0.166 £0.432 £0.634 £0.574 £0.538 £0.511 £0.491 £0.474 £0.43
GVA Multipliers - plant (Scotland) 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80
GVA Multipliers - install and connect (Scotland) 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95
Annual GVA Benefit £0.024 £0.321 £0.835 £1.224 £1.108 £1.037 £0.986 £0.946 £0.913 0.821
GVA/ job (direct, plant) £ 44168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168
GVA/ job (direct, installation, etc) £ 52721 £ 52721 £ 52.721 £ 52.721 £ 52.721 £ 52.721 £52.721 £52.721 £52.721 £52.721 £ 52.721 £52.721
Direct jobs - plant 39 516 1344 2209 2115 2048 1990 1926 1866 1561
Direct jobs - instalation &c 206 2716 7068 10183 9122 8487 8034 7701 7421 6771
Total direct jobs 245 3233 8412 12392 11237 10535 10024 9626 9288 8332
Employment multiplier - plant 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63
Employment multiplier - installation 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93
Annual jobs 461 6083 15828 23249 21048 19715 18746 17998 17362 15610
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Scenario; OWUKCS30 Offshore Wind UK continental shelf

0.0 GW in 2010 4.0 GW in 2020
Profile Average
2010-
2020
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 (where
applicable)
Capacity 0.0 0.0 0.0 0.0 2.8 5.6 8.4 11.2 14.0 16.8 19.6 7.1
Annual increment 0.0 0.0 0.0 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.0
Development costLJt | Y ew y € 1.05 1.01 0.98 0.95 0.92 0.89 0.87 0.85 0.83 0.80 0.78 0.90
wSlf SEOKEY3IS NIGS ¢ 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
Development cost plant mn 2GW £0.95 £0.92 £0.89 £0.86 £0.84 £0.81 £0.79 £0.77 £0.75 £0.73 £0.71 £0.82
Development cost - plant, total 0.000 0.000 0.000 0.000 2.341 2.277 2.217 2.160 2.107 2.039 1.979 1.375
Development costinstall and connectmn £ GW £1.97 £1.68 £1.53 £1.43 £1.36 £1.31 £1.26 £1.51
Development cost - install and connect - total 5.519 4.706 4.287 4.012 3.812 3.655 3.528 4.217
Development Cost £m(2010/GW £2.81 £2.49 £2.32 £2.20 £211 £2.03 £1.97 £2.28
Cost of capacity increment £0.702 £7.860 £6.983 £6.504 £6.173 £5.918 £5.694 £5.691
Phased cost: 20/40/40 £0.00 £0.000 £0.140 £1.853 £4.822 £7.238 £6.629 £6.254 £5.975 £5.746 £5.549 £4.019
Scottish market share plant 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0% 20.0%  20.0% 20%
Scottish market share installation and connection 35% 35% 35% 35% 35% 35% 35% 35% 35% 35% 35% 35%
Scottish sales - plant £0.008 £0.110 £0.287 £0472 £0452 £0.438 £0.425 £0412 £0.399 £0.33
Scottish sales - install & connect £0.035 £0.455 £1.185 £1.707 £1.529 £1.423 £1.347 £1.291 £1.244 £1.14
Total Scottish sales £0.043 £0.566 £1.472 £2.179 £1.981 £1.861 £1.772 £1.703 £1.643 £1.47
Overall Scottish share of expenditure 31% 31% 31% 30% 30% 30% 30% 30% 30% 30%
Sales: GVA ratio - plant 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54
Sales: GVA ratio - install and connect 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27 2.27
Direct GVA £0.018 £0.244 £0.635 £0.937 £0.851 £0.799 £0.760 £0.730 £0.705 £0.63
GVA Multipliers - plant (Scotland) 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80
GVA Multipliers - install and connect (Scotland) 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95 1.95
Annual GVA Benefit £0.036 £0.470 £1.223 £1.803 £1.635 £1.534 £1.460 £1.402 £1.353 1.213
GVA/ job (direct, plant) £ 44168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168 £ 44.168
GVA/ job (direct, installation, etc) £ 52721 £ 52721 £ 52.721 £ 52.721 £ 52.721 £ 52.721 £52.721 £52.721 £52.721 £52.721 £ 52.721 £52.721
Direct jobs - plant 75 984 2560 4207 4028 3901 3791 3668 3555 2974
Direct jobs - instalation &c 288 3803 9895 14257 12771 11882 11248 10781 10390 9479
Total direct jobs 363 4786 12455 18463 16799 15784 15039 14449 13945 12453
Employment multiplier - plant 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63
Employment multiplier - installation 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93
Annual jobs 678 8941 23265 34367 31209 29288 27884 26782 25844 23140
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Hydro power

Wind, tidal and hydro power were the first technologies to replace animal endngy.

historical times sall scale power capture and use was ubiquitous (waterpower more

so than wind), initially with wood and fabric construction. Come tloleistrial

revolution, bigger machines were constructed from metals, and as global
AYRAZAGNRFf A& GA2Yy o6S3ly (G2 GF1S 2FF Ay wmyn
largest power generator in the world. It produced about 1.5MW from 30 waterwheels.

Early inthe twentieth century stdions were built to power aluminium production in

the Hghlands, andhen in the interwar gars in Grampian, Clydesdale and Galloway to

feed into the National Grid. Bubehinant in themodernRS @St 2 LIYSy & 2F { 02
existing hgroelectricity resource was the 1945 execution of the North of Scotland

Hydro9 f SOGNRO . 21 NBQa 5S@Sft2LIYSyd t

Large scale hydro capaci*’ =

widely considered exhausicu,

but there are believed to be

many smaller scale and rof-

river potential scheras. For
illustrative purposes two scenarios have been evaluated. One is a very large pumped storage scheme,
several times larger than the recent Glen Doe development, of 1000 MW. The second is a collection
of small schemes totalling 500Mi\his is justabove what the recent Forrest report on the
employment potential of Hydro considered feasiiiea 2020 timescaleThepotentialfor small and
medium schemes thdtorrestidentified, using a model linking hydrotopography to accounting
calculationswas 200 MW This isnainly in Highland, Strathclyde and Tayside, as shown in the table
and consists of almost 8000 small developments, averaging 150 Kw, the majority of smaller schemes
depending for financial viability on the subsidy embedded in#e S\S/RY G F NA F T @ C2NNBaid R2Sa yz2i
disclose its estimated costs the details of its employment forecasting methodolpgut thecosts
are likely to be higher than ours, and the employment generated pek Kiv C 2 NNEisiabhddta NIB LJ2 NIi
twice the level estnated in theReckonerfor the smalscale schemes
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