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Introduction to the ETI organisation . i

« The ETIl is a public-private partnership
between global energy and engineering
companies and the UK Government.

« Targeted development, demonstration and
de-risking of new technologies for
affordable and secure energy
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Introduction to the ETI

« Large Gas Turbines — prevalence and role in UK power

« Additional plant to add post combustion Carbon Capture and Storage
» Cost, scale and promoting industrial emissions capture

« Performance requirements as renewables increase - 2030

» Alternative oxy —fired and pre-combustion options

Conclusions
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The Combined Cycle Gas Turbine
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« Large - 700MWe

* Low capital cost - <E750/kW

e Build time 24 months

+ Supremely flexible — ramps, stop/starts

« Efficient

* Clean relative to coal, oil, waste combustion

I:> over a third of UK power capacity

2015 UK Electricity Generation in MW - end April
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Capture plants — example post combustion >‘Venergy
Captu e techncglﬁgiift:

Other gases Captured CO,

ABSORBER DESORBER

L Lo

* Enough gas to fill a balloon
every few seconds
Pressure drop is expensive !
Reboiler © Must remove 5 molecules in
<«— Reboiler
every hundred across 2 phases

Flue gas —

WPINP T

> -
°

<«— Lean solvent

CO,rich solvent —»
© CO2CRC

Pictures Courtesy of CO2CRC
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Capture of CO, from power
stations & major industrial
sources

Compression and
—  transport to storage sites

CAPITAL COSTS OF CCs

M Power Generation
M Capture Plant
M Transport and Storage

Storage in deep underground
geological formations
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CCGT CCGT/

Additional Cost for CCS (2010) CCS

Capital Cost /kWnet , £ 550 1240
Efficiency LHV,% 58.8 49.9
Levelised Cost of Electricity 48 70
(LCOE), £/MWh
Levelised cost at 40% Load
£/MWh 70 119
Levelised cost of Fuel Only 34 40

LE/MWh

+ 17 large scale CCS plants in operation
+ CCGT with CCS proven at Bellingham ,USA . Closed

Discounting at 10%, with a 20 year lifetime for gas plant
: _ : and 30 years for coal plant. Costs are for mature “nth of
* New power stations fitted with CCS are all COAL a kind” plant and include a contingency of 25%. The

« Capture from steel, ethanol, H2 — all demonstrated at scale. ~ Plants run with an 85% load factor. Gas at £265/te and

. . coal at £65/te. Carbon at £0/te
* Natural Gas cleaning — Sleipner 1996 !
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Breakdown of Investment
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Investment breakdown, £/kW vs. No. of Power Trains

1,200
1,000
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40
20

CCGT Capture

o O O

B One Train mW2 Trains ®m3 Trains

Scale helps — Each train about 2MT/a CO2

Transport Storage

m4 Trains ®5 Trains

Base Capital Cost per Kilowatt Qutput
3.200

2000 ——Teesside
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1800
1.600

1,400
One Train 2Trains. 3Trains 4 Trans 5Trains

) —8-North Humber
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@ o600 Nothwest |
—«—Scotiand
2400 .
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§ 2200 < |
3 .
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CAPEX

m Power Generation (CCGT)
m Carbon Capture
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m Offshore Storage
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OVERALL CAPEX

m Power Generation (CCGT)

m Carbon Capture
m CO2 Transportation

m Offshore Storage
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CCGT/CCS builds transport and storage at
scale — admits industrial emitters

o i
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Example

« CF Ammonia — 0.33Mt/a -CO2
Transport and storage costs to Hamilton
Store - £324M

« Single GT Connah’s Quay - 1.5Mt/a
CO2 Transport to Hamilton Store - £255M

«  CF Ammonia — 0.33Mt/a — CO2 Transport
and storage to Connah’s Quay - £56M* or
£37/te plus rent

. I hi! small d Y
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Selected three “fleets” for 2030 and 2040

- Modest Decarbonisation effort — BaU
- High Renewables
- High Nuclear/ Some CCS - high “baseload”

Run half hourly despatch model — Plexos in Wholesale
Market Mode

Despatch on short term cost basis

Extract
« stop/start requirements
* ramp rates etc
« total gas use

Investability - Plexos in Asset Evaluation mode - Annual
revenue, then back-check investability

BaU scenario (modest decarbonisation) [ModDecarb]

High wind / solar generation: scenario
5b [HiRenDecarb]

High low carbon baseload generation :
scenario 5a [HiBaseDecarb]
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Despatched Gas Fired Fleet Profile - 2030 y@y
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“‘BAU” — Modest Decarbonisation Case (NG FES)

Low Load

Capacity Mechanism Incentivises .

Carbon Price Hurts
Miserable summer

Mid-merit: hard area to

e.g. H2/CCS

incentivise “clean build” .

12000
§1oooo / Gymnastic Performance
8000 GT still investable
6000
4000
2000
0

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

==Existing CCGT ===Existing OCGT ==New CCGT
Half hours producing shown load

4GW ‘baseload’ taken by CCGTs (plus CHP
not shown) — opportunity for CCS

When added into model, 3GWe CCS was
despatched, displacing GTs

Flexible despatched MWh exceeded the
Baseload MWh

Long tail of older plant ave 16% Load Factor

“New” Post 2016 fleet ave 58% Load Factor

Essentially Baseload, but “spiky”
/ CfD Incentivises

Carbon price helps clean plant
CCGT/CCS “fits”
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== Using H2 storage to maximise use of CCS ), “adll
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Power station configurations using H, storage

Natural

Gas Reformer H- or Ho [N GT run to
s CCS -100% 2 ol 2* meet peak
load demand
' POWER K salt beds are not
. widespread
Biomass | gasifier Sﬂﬁﬂrﬁ,zgﬂﬁﬁd "
# CC5 -100%
load
1: 0z
ASU COz2to CCS
ﬁ Store 100%  Hydrogen
= salt cavern

~
amec

BGS Geological Survey foster
NATURAL ENVIRONMENT RESEARCH COUNCIL Wheeler

British
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* New power cycle designed with COz2 capture in mind — no steam cycle.

 New Combustor and Turbine type — high pressure/medium temps ( 300 BarG, 1180 oC)
« High level of heat recuperation, high outlet pressure of turbine (~ 30 BargG)

« Target 58.9% efficiency , same capex as unabated CCGT

HP methane or natural gas

CO2

Air Separation Unit

* High pressure means
Combustor - Sma” ”

ASU

= ~ - CO2 pumpable
Heat b side Generator « Oxy —firing means
exchange .
’ - CO2 /H20 only (ish)
Heat exchanger ]
:vsatt:cr:zlier;%* _i_l 1L zn;gmg ). > Hégcr}'lzzﬁzsuirte ® SOMWth Unlt Under
exchanger " Water ! ' water heat p?,%p construction, Texas

|Separat|onI | exchanger
: unit 1 1

Condensed water compression
to treatment
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CCGT/CCS - Performance & Cost Trajectory ty@v
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Large increase in scale of GTs

Actual CCGT LHYV efficiency vs year,

since 2010 plus GE "65%" claim
Both cost and efficiency 70
improvements
65
Post combustion capture
energy penalty is also o0 Unabated -
reducing 55 6.4% Penalty
Capital cost of capture — 50 FWEL, 2010 SNC, 2016
expecting 20% reduction post
PetraNova, Sask Power 45 IMPLIED CCGT/CCS EFFICIENCY
40

1980 1990 2000 2010 2020 2030
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2016/2017

 ETI develops concept — large
scale, first commercial gas with
CCS plant, without capital subsidy
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CLIMATE
INVESTMENTS

OIL AND GAS CLIMATE INITIATIVE

Mid 2017 onwards

« Clean Gas Project transferred to
OGCI Climate Investments

* Announced at OGCI CEQ’s
meeting, 27" October 2017
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BASELOAD RESPONSIVE INTERMITTENT
 Bullet Proof « Ready for action « Clean

« Dependable « Flexible Role * Less predictable

. Large «  Multiple Skills » Low operational cost
Nuclear, Coal /Gas Gas or gas/CCS, Wind, Solar

CCS Diesel
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Key Messag eS 140 Electricity Generation Capacity
CCGT/CCS offers system wide benefits to the UK »
energy sector 5

* Provides clean power on demand.

20

S
o

* Infrastructure support for industry, and T me aw we  am S
. . . EsME va.1 Databuse 1l STOrC)
through H2 possibly heat and transport emissions

» Cost advantage — without CCS, energy would be more expensive in the UK - 2050
system costs up £30Bn+/a, electricity up 2p/kWh.

Key challenges

* New business models and financial solutions, for complex projects required.
» Cheaper capture technology, through demonstration projects and innovation.

©2017 Energy Technologies Institute LLP - Subject to notes on page 1



ol

technologies

\ institute

Join us at our event

10 Years of Innovation
A showcase of a decade of research

TEN YEARS
 OF INNOVATION
2007—2017

County Hall, London
21st and 22" November

Register online at - www.eti.co.uk/10Years

©2017 Energy Technologies Institute LLP - Subject to notes on page 1



ol

technologies

\ institute

Registered Office

Energy Technologies Institute
Holywell Building

Holywell Park

Loughborough

LE11 3UZ

- TEN YEARS
- OF INNOVATION
- 20072017

For all general enquiries
telephone the ETI on
01509 202020

For more information
about the ETI visit
www.eti.co.uk

™

For the latest ETI news
and announcements
email info@eti.co.uk

¥

The ETI can also be
followed on Twitter
@the_ETI
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