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Next Steps in CCS: Policy Scoping Document @D Phase 1
UK’s first potential cormmercial scale CCS projects
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“I think CCS has not been successful. It doesn’t work,
let’s call it what it is — it Is simply too expensive, too
cumbersome, the technology didn't fly”

Francesco Starace
President of Eurelectric (European Electricity Industry Trade Association)

4 October 2017


https://www.euractiv.com/section/electricity/interview/eu-power-utility-boss-coal-is-finished-the-hard-question-now-is-gas/
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The role of CCS has been quietly evolving over the last 15
years.

Fossil fuel electricity Hydrogen
production production

Direct air capture — Bioenergy with CCS
negative emission — negative emission



UCL Energy Institute dh

We want to understand what is the potential roles of CCS
In the transition to a net zero energy system (if any)
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1. Energy 2. Evolution

system :'1> T i 3. Transition
‘ to CCS

modelling of CCS
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1. Energy system modelling helps us to understand how to
transition to a low-carbon system as cheaply as possible
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Energy systems modelling for UK policy
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Clean Growth Strategy

BEIS identified scenarios with three areas of
technology and resource uncertainty likely to
have a big impact on the 2050 energy
system:

 The role of electrification.
» The role of hydrogen.

* The role of bioenergy production with
CCUS to produce ‘negative emissions’.

Variants of each of these scenarios were
examined using UK TIMES.

&

HM Government

The Clean
Growth Strategy

Leading the way to
a low carbon future

Building our
Industrial Strategy
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Energy Supply Chains
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Reference Energy System (RES)

Demands

Efficiency
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Energy supply chains
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Energy Supply Chains: residential sector example
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Equations

Objective function: minimise total cost of
cost vector ¢ multiplied by TIMES variables

TIMES linear program: X

Minimise: ¢ - X

subject to: TVAR_ ACT,, (t) = DM, (t) i=1,2,., 1:t=1,.T

Ensure that all
and: B- X=2Db demands DM are
satisfied

Set of all other TIMES constraints

(e.g. output of process p < input *
efficiency)
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Energy systems analysis

Energy system model typology:
* Bottom-up — not a macroeconomic model
« Perfect foresight — understands all future costs and demands

« Cost-optimisation — CAPEX, OPEX are model inputs; fuel prices and
the carbon price are calculated for each year

It helps us to understand:
- Potential future energy flows through the economy
« The impact of environmental and other constraints

It does not predict the future!

16


http://www.ucl.ac.uk/energy-models
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Temporal resolution — 16 timeslices

Summer Autumn Winter

Purpose: Standard model

17
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Temporal resolution — 192 timeslices

Annual

Summer

Purpose: Research model to better understand renewables integration

18



UCL Energy Institute dh

CCS capture technologies in UK TIMES

Electricity generation Coal & gas retrofits; new gas, oil and biomass
Hydrogen production Coal, gas, biomass, bio-oil, waste

Industrial processes Haber-Bosch; high-value chemical steam
cracker x4
Cement kilns x6
Iron and steel blast furnace, Hisarna, Ulcored x2

Direct air capture Liquid solvent & solid sorbent

19
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CCS transport and storage in UK TIMES

I;i\;:\itl zllt?laer Capacity (MtCO,) ratl\ga()l(\/litrg?)(;t/iyoer;r)
CCS pipes 2020
Forties5Sitel 2030 300 8
Viking 2031 130 5

Other Sites 2032 78,000 53
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Fossil fuel electricity Hydrogen
production production

Direct air capture — Bioenergy with CCS
negative emission — negative emission

2. The expected role of CCS has evolved as our emission
targets have evolved

21
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The cost-optimal deployment of CCS in 2050 increases as
the GHG emissions target is tightened
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M Industrial process emissions
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Reduction in GHG emissions compared to 1990
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Electricity generation increases as the carbon target is
tightened
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Negative emission technologies are needed in 2050 to
balance unavoidable emissions

UK TIMES CCC
CO, CH, N,O HFCs| CO, Non-CO,

Agriculture and land use -28 25 17 0 -3 26
Electricity and hydrogen -33 0 0 0 -46 0
Industry 8 0 0

Non-energy feedstocks 0 0 10 °
Process 8 12 3 0 o) 7
Residential 2 0 0 2

Service 13 0 0 0 3 °
Transport 46 0 0 0 35
Upstream 2 1 o) 0 o)

DAC -84 0 0 0

24
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CCS deployment is sensitive to the price of solid sorbent
DAC and any deployment limits
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If DAC is more expensive or limited, then electricity
generation increases in response
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The cost of meeting net zero increases with the carbon
target, and if negative emissions are resticted

Cost increase compared to

GHG reduction
no target case

60% 0.3%

70% 0.7% No CCS
80% 1.4% 1.5%
90% 2.4%

Net zero 3.7%

DAC expensive 4.1%

DAC limited 6.0%

The “DAC limited” case needs to importing 6 MtCO,

carbon credits, at £10,000/tCO,, to meet net zero.
27
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The greenhouse gas price is manageable in all but the
restricted DAC case
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Some thoughts

It is not possible to meeting net zero emissions without CCS —
which is a positive message for the sector.

But...

 ...the sustainability of biomass if contentious, and this is a
key factor for negative emissions;

« ...the principle of direct air capture (polluting, then cleaning
It up) Is disliked by many people;

« ...changes to diets and other behaviour could reduce the
need for CCS;

- ...if the GHG emissions target were rowed back even to
80% In the future, the case for CCS might be difficult.

29
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3. How should we transition to CCS?

30
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The net zero scenario effectively assumes demonstration
CCS systems for hydrogen SMR and industry from 2025,
and then ramping up from 2035

200
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If DAC is more expensive than forecast, then overall
deployment is same in all years, but take-up in each

sector varies
200

S 180
< 160
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o 140
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N B O 0 O
o O O O O
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If DAC is limited to 13 MtCO,, CCS take-up is again the
same until 2035, but growth is then much slower
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Some thoughts

 There Is a need to incorporate constraints to limit the overall
growth of CCS in UK TIMES, to address social concerns,
planning issues for pipelines, safety testing, limits on
iIndustrial supplies (if any), etc.

« All three net zero scenarios have an early CCS deployment
over the next 12 years — is this evidence that a
demonstration plant is needed now?

34
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Making a case for a demonstration plant

« One approach would be to identify a series of timelines to
2050, in which a demonstration plant is built or not built.

Compare value here
T with the cost of the
demonstration plant

NO more expensive

'..' .v. ..- f ' '

2020 2030 2040 2050
35
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Improving the spatial analysis of the transition would
be valuable: UK TIMES v2.0

Proposed changes

Ability to analyse different Move from a national model to

policies between regions (e.g. a regional model based on the

Scotland or London having former UK Government Scotiand
their own climate policies) regions shown opposite.

Understand implications on Represent variations in the

regions in meeting carbon energy system in each region,

budgets and air quality targets such as industrial clusters,
where possible.

Improved understanding of Regions will “trade” energy
networks - gas, electricity, flows with each other to
hydrogen, biomass and represent infrastructure for
captured CO.,. gas, electricity, hydrogen,

biomass and captured CO.,.
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In hindsight, would the funding for the CCS competition
have been a good investment?

37
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Conclusions

1. Energy system modelling helps us to understand how to transition to a
low-carbon system as cheaply as possible

2. The expected role of CCS has evolved from reducing fossil fuel
emissions to reducing industrial emissions and negative emissions as
our emission targets have become tighter.

3. The net zero scenarios suggest we should start deploying CCS from
2025, but further research is needed to account for demonstration
plants and technology learning, for example using stochastic
programming. It would also be useful to consider the potential for
export benefits from early investment.

38
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