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Background to research
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BP Peterhead CCS: Pre-combustion capture with hydrogen
generation. Storage in the Miller field

Longannet Power Station: Post-combustion capture. Reuse
of onshore and offshore pipeline to Goldeneye

Shell/SSE Peterhead: Post-combustion capture.
Transportation via existing pipeline to Goldeneye field

White Rose: Oxyfuel capture on coal/biomass firing. New
pipeline to aquifer storage in the Southern North Sea
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“HM Treasury raised concerns about the merits of the carbon capture and
storage competition given fiscal constraints”

“Briefing for the House of Commans Environmental Audit Committee’ by the National Audit Office, July 2016 (page 7)

Analysis:
It is considered that this decision was reached because there were key omissions in the
information provided to Treasury:

The wider economic and fiscal case not made

The near-term benefits were not argued e.g. employment in developing infrastructure
The longer term benefits of establishing an economic service activity were not considered

How can we do this:
Need to consider case for CCS via social cost benefit analysis

Need to include carbon capture, transport and storage as economic service activities
Need to inform wider economy models with techno-economic data of the CCS system

Social cost benefit analysis (CBA)

SO environmental issues.
Security

But fiscal, macroeconomic and distributional impacts remain key in public budget decisions.

 HM Treasury already has a ‘Green Book’ method and guidance for social CBA for a range of types of
projects and investments which includes ‘environmental’ or climate change mitigation projects

Need information to inform on range of wider costs and benefits.
HM Treasury also use multi-sector economy-wide Computable General Equilibrium (CGE) model,
mainly for fiscal issues but DECC use to assess implications of carbon budgets.
There s a requirement to develop this CGE model to incorporate the treatment of energy and

Projects & Policy

Making the macroeconomic case for

CCS

The Centre for Energy Policy at the University of Strathclyde argues that the UK’s decision to scrap its
CCS commercialisation competition brings into sharp focus an urgent need to consider the economic
service role of capture, transport and storage activities.

By Karen Turner and Julia Race

InJuly 2016 & spending review briefing by the
Natlonal Audit Office noted that, while
agreeing with the Department foe Energy and
Climate Change (DECC) that CCS 1s re-
quired to meet UK casbon targets, "HM
Trezsury saised concerns about the meets of
the carbon capture and slurzg!: competitlon
wven fiscal consteints™

Ara recent UKCCSRC conference on ‘Mak-
ing the Case for CCS, the Centre for Enegy
Policy (CEP) has asgued that some key omis-
stons in the informanon provided to HM
Treasury (HMT) by DECC may have con-
tributed to the dectsion to cancel the compe-
ttton:

The wider economic and fiscal case was not
made to provide 2 context for how Investment
and operstional costs may lmpact Industry,
consumers and public budgets.

The nesr-term benefits were not asgued (e.g.
direct and supply chain employment 1n devel-
oping infrastructure).

need to think more broadly about ‘the eco-
nomics of CCS™

Analysis of the contetbution of CCS 1n mav-
ing towards 2 decarbortsed economy 1s most
commonly made theough the use of encepy
system models such as TIMES. However,
this does not offer much instght in teems of
what 15 Involved in making this contAbution
happen.

Given high stast-up costs and uncestamnty
owes up-take and opesarional costs, 1t 15 nan-
ral to be concerned sbout cost effectiveness,
particularly whese costs to end consumers and
the wider competitiveness of UK Indusiry are
n question.

On the other hand, economic system rnndels

such as the bl

The latter two stages ase Iikely to be external
to the CO2 emitter and involve use of a com-
mon resource 1n the form of a transport and
storage Infrastructuse. Thus, the question
arlses as to how different parts of the CCS
chain may be ininiated and operated. Emitters
may be responsible for capture.

However, the high Investment costs requived
foe the transport stage, combined with the 15—
sue of management of storage capacity, Imphy
that these elements ase characterised by some
element of 'narzal monopoly, 25 15 the cass
with, for example, electricty transmission or
the rall netwack.

1f we consider the essential nature of what
CCS must do, this 1s a problem of disposing
of & (largely) unwanted (unless these are COZ
uttheation waste by-product of

neral
(CCE) model used by HMT to assess the
wides economic and fiscal impacts of 2 range
of policy actions and/or changes 1n economic
condintons’, etther do not include CCS oe
stmply treat 1t as an ‘end of pipe’ technology
that can be mened on or off 2t 2 cost.

economic activity. An, albelt imperfect, anal-
ogy may be drawn with the waste collection,
treatment snd disposal industry, which 1s 1o
chided 1n the Standard Industrtal Classifics-
tton of Economic Activities.*

L
Universityef

5lratl1|:lyde

Enginssring.

the UK to do CCS?

What’s REALLY going to persuade 0 R

INTERNATIONAL PUBLIC
PDlI(\’ INSTITUTE

Karen Turner!, Julia Race?, Oluwafisayo Alabi' and Gioele Figus'
'Centre for Energy Policy, University of Strathclyde International Public Policy Institute
Department of Naval Architecture, Ocean and Marine Engineering, University of Strathclyde

Developing the narratives to build the required public, policy and industry consensus to

make the macroeconomic case for CCS

Where are we now?
- Broad agreement that CCS will be required to deliver climate change targets but it is proving challenging to convince
national treasury budget holders of the wider economic and social benefits.
+ Within current economic models, CCS is essentially viewed as a complex, expensive pollution control system that
requires extensive upfront investment and adds to production costs.
= We need to develop agreed narratives that will allow the development of appropriately informed and specified whole
economy models to adequately consider whether a macroeconomic case for CCS investment and deployment can

actually be made.

What are the possible narratives?

Narrative Type 1:
€CS has an indirect economic ES has an indirect ecanomic

value enabling role in alloing the value fenabling role in enabling REW
contination of EXISTING economic value ) | low carbon fuel/activity

Marrative Type 2:

MHarrative Type 3; Narrative Type 4:
€5 has direct economic value linking to | | €S has direct ecanoenic value from
transpart and sterage - exparting carben || the ‘carban’ output itsell e.g. €0,
sorvices EOR, £CUS

RISK AVERSE BUT COULD BE OF
IMMEDIATE STRATEGIC IMPORTANCE?

] [»w FOLLOW NARRATIVE 1 OVER TIME ][M.\v‘aulm ON MARRATIVE 1 OVER T\ME]{

COULD PROVIDE DRIVER TO
HARRATIVE 1 FOR SOME PLAYERS?

Stakeholder engagement

- Should the UK exploit such |

to be a carbun storage service?
opportunities?

[- Can the UK exploit opportunities. [

+ Wihat is the patential long:term
impact for CCS. given the current
situation in the ofl, gas and
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Research focus

How is this research starting to answer some of these

questions?

+ Investigate the activity of sectors in which we want to
ta sustain employment by adopting CCS (Figure 1).

+ Focus on the effect of not losing jobs/GDP rather than
investigating additional/projected GDP

R patrochamical indutries] + Highlight the evidence to support the role of CCS in
The longer term benefits of establishing car- As generstors of waste, households and busi- — - gniigh 1
CGE madelling for environmental/energy issues bom czprure, transport and stoeape a5 eco- The cructal point 15 that we need to tunkof  nesses ‘caprure’ the waste they penerate. P [ How can the et and gas sustaining other sectors

Multi-sector economy-wide CGE modelling widely used in both research and policy fields
e.g. OECD global environmental policy impacts, CEP RCUK energy efficiency 1mpacts - multipliers

and ripples in the economic pond

There is less attention in the CGE field to date on CCS as an economic activity or, more specifically,

linked capture, transport and storage activities.

There is @ requirement to develop CGE to link capture, transport and storage activities to the wider
economy via upstream supply chains servicing these activities and activities where captured carbon
could be used as an input, with implied or actual price  e.g. enhanced oil recovery .

Modelling CCS activities in a CGE framework would allow consideration of the dynamic evolution of

nomic seevice activities (Le. In addition to es-
tmates of additional costs of running a decar-
bontsed UK economy by 2050 1n the ahsence
of CCS") weve not considesed.

There 1s 2 need to constder the case for CCS
vz the type of full soctal cost benefit analysis
recommended by HMT for appratsal and
evaluation in ‘the Geeen Book'* However, In

(CCS 1n broader teems. How would it actuslly
be introduced, operated and regulated? CCS
involves a chaln of activitles. First, capture
must be czerled out within the industaal o
powes penesation plant genseting CO2. Sec-
ond, CO2 must be transported to the storage
Ipcanon (perhaps via some wulisanon actviry
such as enhanced o1l recovery, EOR). Thied,
CO2 must be stosed {most hkely off shose 1

Howevez, they ace not expected to transpost
and deal with the waste. Instead, they (direct-
Iy or Indirectly} make some form of payment
to publicly or pevately owned waste tzansport
and management opeeations to da this (in 2
regulated environment).

Aswell 25 providing a valusble economic ser-
vice actvity context (whese peaple ase em-

B “:' can we M’:“"‘- ":"" industry provide infrastructure
and support quality Jobs in and skills to enable CCS?
relevant sectors, areas of | ond sils 1 J

the country?
S * How can we develop and
sustain UK content?
—

+ Wihere does CC5 it in the
wider econamic system
currently

CCS activity. order to Inform this type of analysts there s 3 the UK case). ployed, GDP and tzx revenues are created) ———~ .
Shale. And what are g
Integrated economic and technical system modelling - we comparing it
* However, in order to ‘get things right’ on everything from input requirements to evolving technologies 1. Sex page 7 of Sustaimability in the Spending Review published by tbe Nasismal dudic Office in fuly 2016 at Beigrzumm mao.org. kg \_V"”" J
e
and the decision to ‘do it’ or not an economy-wide model must be informed and fed by linked techno- e il r )
Bl 2 Sex programme. L= ik + And what are we
economic models of capture, transport and storage activities . . i - o on g . PR B inking it to?
+ The resulting economic system model could then inform, and be further informed by energy system T e o o e o of Ly cutthe U ey am s per year ar 1% of GDIP by 2050, See: (S I

models, bullding up scale of activity across and y-wide models Pyl
and developing a chain of (soft linked) models - crucial to ensure consistency in data and assumptions. 5 For ccampl s FIW T FIMRC s o the impac f . A— ; 5 7 e nthe 1 ol and gas, while low labour intensity means direct {obs are difficult to create, if
redugtions. o -

e impacts across the wider UK economy through su chain relationships

y be large n

35 and 39 {page 35).

For further information please contact Karen Turner 1karen turner@strath.ac.uk) or Julia Race
(julia.race@strath.ac.ul
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Background to research

What are the possible narratives?

Marrative Type 1: Harrative Type 2: Marrative Type 3: Harrative Type 4:

CCS has an indirect economic CCS has an indirect economic CCS has direct economic value linking to CCS has direct economic value from

value/enabling role in allowing the value/enabling role in enabling NEW transport and storage - exporting carbon the ‘carbon’ output itself e.g. CO;-
ue

continuation of EXISTING economic vals EOR, CCUS

lows carbon fuel/activity services

COULD PROVIDE DRIVER TO

RISK AVERSE BUT COULD BE OF MAY FOLLOW NARRATIVE 1 OVER TIME || MAY BUILD ON NARRATIVE 1 OVER TIME
MNARRATIVE 1 FOR SOME PLAYERS?

IMMEDIATE STRATEGIC IMPORTANCE?

The key point emerging is that there is one type of namrative around which consensus may be
maost likely to build. This focuses on the potential role of CCS in enabling the sustained
contribution of sectors where we have already invested, which we currently realise
value from, and from which we need to realise growing value. This in turn relates directly
to themes in the UK Industrial Strategy, where emphasis is placed on building low carbon

prosperity on a platform of the things that already contribute to our success.

Turner et. al., 2018. Making the macroeconomic case for near term action on CCS in the UK? The current state of
economy wide modelling evidence [Report]. University of Strathclyde, International Public policy Institute, Centre for
Energy Policy. Available from: https://pureportal.strath. ac.uk/files-asset/74249780

28th March 2018

At a local and regional level, direct high
value jobs in capital intensive industries,
such as oil and gas, chemicals, and
other energy intensive industries have
been shown to support up to four jobs
in indirect employment®.

) @ University of Strathclyde
World-leading research in to
economic impacts of CCUS

The UK Carbon Capture Usage and Storage deployment pathway: an action plan (publishing.service.qgov.uk)

28th November 2018
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/759637/beis-ccus-action-plan.pdf

The Role of CCUS in Industry Clusters in Delivering
Value to the Political Economy

e Research Question 1: What level and nature of economic value via high value-
added jobs is currently generated for the Scottish and UK economies as a result
of specific industrial activities in the Grangemouth cluster, and what is the extent
of interdependency of this value generation across different activities within this
cluster?

e Research Question 2: How and to what extent may the sustainability and further
growth of this activity and the value it delivers be impacted by the deployment of
CCUS project(s) at the site?

UNIVERSITY of STRATHCLYDE
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g ENERGY POLICY



mu -u(m '

if.-— -

i

RS SRNS 1
&

8

%

- s

R uELE_."’
o v NATALY,  Jhro— w\av's

AR AT AT Warmmos . . .

LR AT




Wage premium multipliers: total average wage supported across all
Scottish sectors by activity in selected Scottish Industries

90000

—Total average wage supported (including own sector) Average supported wage (excluding own sector)
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Modelling the introduction of CCS to
the economy
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Carbon Capture and Storage in the economy

What are the implications and consequences of introducing CCS in an
economy like the UK?

o Cannot limit to considering upfront capital requirements/investment as there
are ongoing operational implications

o Needs to be set in the context of wider economy conditions, constraints, and
responses

How do we model the introduction of a CCS system in our type of
economy-wide modelling/scenario simulation framework?
Introducing a two-step process in our UKENVI CGE model

o Consider capture first as an additional capital requirement

o Consider transport and storage as a new sector in the economy

UNIVERSITY of STRATHCLYDE
A" CENTRE FOR
g ENERGY POLICY



Who Pays? (focus on carbon capture)

Polluter pays

Public funding option 1: Reallocating existing government
expenditure

Public funding option 2: Socialising costs through a direct income
tax funded subsidy

UNIVERSITY of STRATHCLYDE
A" CENTRE FOR
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High Level Results — do operational capture costs
Impact competitiveness of Scottish industry?

 Polluter pays
o Contraction in Scottish GDP of £175-£200m per annum
o Sustained negative impact on UK public budget of up to £41m per annum
o 10% reduction in chemicals industry jobs in Scotland

o Further 750 additional jobs lost across the Scottish economy in the supply
chain and as result of reduced income from employment

 Public funding option 2
o Contraction in Scottish GDP of between £125-120m per annum

o Up to 2,500 jobs at risk

o Concentration of job losses in sectors dependent on household spending
(and if tax burden spread across UK, impact will be too)

UNIVERSITY of STRATHCLYDE
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The Role of CCUS in Industry Clusters in Delivering
Value to the Political Economy

e Research Question 1: What level and nature of economic value via high value-
added jobs Is currently generated for the Scottish and UK economies as a result
of specific industrial activities in the Grangemouth cluster, and what is the extent
of interdependency of this value generation across different activities within this
cluster?

e Research Question 2: How and to what extent may the sustainability and further
growth of this activity and the value it delivers be impacted by the deployment of
CCUS project(s) at the site?

e Our findings show that substantial economic value is supported by those
Industries that will need to capture carbon (RQ1) — but this will be put at
risk where operating capture (additional equipment to produce the same
output) impacts the international competitiveness of firms (RQ?2).
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Modelling the introduction of CCS to
the economy

The next stage — can new Iindustry
activity to support delivery of CO, T&S
deliver net gains?
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Deployment of CCS could be a source of green growth where a new CO,
Transport and Storage industry exploits capacity, workforce and supply chains
currently associated with UK Oil and Gas

MOVING EARLY IN

CARBON CAPTURE
& STORAGE

Opportunities and challenges
for delivering ‘green growth’
and ‘just transitions’

UK T&S INVESTMENT & REWARD

Inputs Oultputs
£ billion*
2'2 illion
g billion | <= REr A
2'8 m ; *requires that
demand can be

guaranteed For TRS
outpuk in the arder
of £2 2billion

o~ per annum
illi E fvmluss ar=in the
£0.35billion K .\i 2015 prio=s of cur
per aminwim simulabomn

meoid ]

£ 7 billion GDP ‘
17000 +
new FTE jobs
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CO, transport and storage — key insights

« Green growth opportunities: Most obvious ‘green growth’ and Oil & Gas
transition opportunity lies in new industry activity that supplies ‘CO,, transport
and storage services’ (T&S) to domestic or overseas firms that need to capture
CO..

« Qur results show that, while gross costs persist as with capture, net gains in
GDP, employment and other macroeconomic variables are possible due to
supply chain activity associated with T&S — but, again, depends on ‘who pays’.

* Butis ‘green growth’ a necessary contribution from CCS? Substantial
emissions reductions and sustainability and resilience of the economy
moving forward may be key?
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CO, transport and storage — key insights

* Meeting ‘Just Transition’ ambitions: Repurposing existing supply chain
capacity and providing continued or new job opportunities for workers currently
employed in the oil and gas (O&G) industry supply chains will aid delivery of a
‘just transition’ for workers, households, and communities currently dependent
on the O&G industry.

 Who pays and when critical to outcomes: Direct gross gains are sustained
In all scenarios, but net impacts over time for the macro-economy and other
sectors therein depend crucially on the ‘who pays’
(government/industry/nouseholds) funding model. However, near term
transitory impacts depend crucially on the level and timing of upfront
Investment required to develop the required T&S capacity and wage
responses in constrained UK labour markets.
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Impact of the Project

OUTPUTS

« Three policy briefs and one working document (available at StrathPrints)

» Two peer reviewed journal papers published and two further in final review
ROUTES TO EVIDENCED IMPACT

» Key findings, evidence and insights presented to the UK House of Lords, EU
Internal Market Sub-Committee on the "State aid and level playing field” inquiry

« Ongoing input to BEIS in developing Business Models for CCS
CONTINUED POLICY-FACING RESEARCH

 Follow on funding and partnerships

o Bellona Foundation, with funding support from the Children’s Investment Fund
Foundation (CIFF),

o ICSF Industrial Decarbonisation Scottish SNZR roadmap project
o  Scottish SNZI Phase 2 infrastructure proposal
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