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Work objectives and methodology

Economical model basics and
assumptions

Base cases definitions and results
Technical and economical analysis

Process integration and heat
recovery

Conclusions
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Scope of this work

n The objective of this work was to develop
tools for economic analysis and apply them to
the conceptual design of MEA processes with
enough flexibility to apply them to different

solvents or processes.

n The activities in this work are:
| Definition of power plant baseline case
| Process modelling and design
| Economical analysis
| Heat integration and recovery
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Integrated approach in process
modelling

Process base case definition
Process modelling — flow sheeting tools
/ Equipment design and process integration

Economic evaluation and analysis
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Work methodology

Process simulation

| Relevant variables:
The CO, removal %
The MEA wt. % in the solution
The lean loading in the feed solution to the absorber
Stripper pressure
Lean solvent temperature
| Assess the impact on:
— Thermal energy requirement
— Cooling water

— Cost of electricity
— Avoided costs

Modelling and design of the main equipment
Determination of capital and operating expenses.
Overall process economical evaluation

Process integration and heat recovery
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Process Flow Sheet

507 from Capture to Storage
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Model block diagram
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Econormical model tree diagram




(CAP
Fixed Capital Investment (FCI)

Direct Cost % of purchased Cost (Range) used
Purchased equiprnent 100 100
Purchased equiprnent installation 25-55 -
Instrurnentation anc Control 5-50 20
Piping 20-80 40
Electrical 15-30 11
Building and building services 10-80 10
Yard irnprovements 10-20 10
Services facilities 30-80 20
Land 4-8 5

Indirect Cost

Engineering 10 10
Construction Expense L0 L0
Contractor's Fee 0,5 0,5
Contingency 17 17




n Working Investment: normally in the
range (12-28)% of FCI, taren as 25% FCI.

n Start up: norrmally (8-10)% of FCI taken
as 10% of FCI.

n Solvent start up cost.




Total Manufacturing Cost
(OPEX)

Fixed Charge range used
Capital Charge 20-40% FCI 20
Local Taxes 1.0-4.0 % FCI 2
Insurance 0.5-1 % FClI i

Direct Production Cost

Utilities (Fleat repoiler, Cooling water, Electricity)

Solvent malkeup 0.5-3.1 ¥glton CO, 1.5 ¥g MEA/ton CO,
rmaintenance 1.0-10%FCl 4
Operating labour 2 job/shift 45euro/hr
Supervision & Support labour 30% of total labour cost 30
Operating supplies 15% of Maintenance 15
Laboratory charges 10-20% OL 10
Plant Overhead Cost 50-70% of (M+OL+S) 60
General Expenses

Administrative costs 15-20% of OL 15
Distripution ancd Marketing 2-20% of TMC 0,5
R&D costs 2-15% of TMIC 5




Utilities

lectric Power

(11

Heat Repoller

Range

0.06-0.11

2,00

Make up cooling water 0.05-0.1

Integration in the plant

Unit Used

EUR/W 0,06
/G 2,00

EUR/mM?® 0,075
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Economical model assumptions

Project life: 25 years.
\/\/ork]rU nours: 7500 nrlyear.
1 Euro=1.2 % (2005).

Time requjred for construction: 3 years
\pital investrent (FCJ)

constructi ( -1).

The working ¢

year (25).

8% discount fac

'OJ[C'J was acded to the

or was used in
Work has been rlon@ as pre-taxation and no

calculations was inclucded,

The CO, product compression Is inclucled in
cdelivered at 110 bar anc 25 °C

annual c

the casn flow analysis.

(40%, 40%, 20% of FCI).

the first two years of

n flow in tne last

rr-
-
CJ
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Power plants cases overview

600 MWe piturninous coal fired (Doosan Baocock)
393 MWe NGCC (Siermens/Statoil)

1000 MWe lignite coal fired (RWE)

380 MWe lignite coal fired (PPC)

NGCC BCF LC LCF
Gross Capacity (MW) 600 393 1000 380
Efficiency % LHV 45.2 56.5 49.3 39.5
COE without Capture (€/MWh)* 314 33.9 32.7 38.2
Specific cost (£/kWe) 980 600 1230 1500
Fuel (MWih) 1279 682 2108 859
Fuel Price (£/GJ) 1.6 3.5 1.1 1.1 * CoE
ry r) r r — c) ol c) ] O WaS
(1.2-3.2) (2.6-5.2) (0.8-1.7) (0.8-1.7) _ _
estimated using
Project life (year) 25 25 25 25 the current
model

Construction period (year) 3 z 4 4
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Item BCF NGCC LCF 1000 LCF 380

Capture Process Performance

Capacity (ton/hr) - 408 - 131 - 693 - 313
Energy consurnption (GJ/ton) - 3.89 - 4.24 - 3.87 - 3.87
Cooling water (m>/ton) - 106 - 83 - 140 - 139
Solvent (m>/ton) - 20 - 21 - 20 - 20
Electricity (kWh/ton) - 193 - 176 - 205 - 205
Power Plant Performance

Fuel input (MW, LHV) 1279 1279 682 682 1865 1865 791 791
Fuel price (£/GJ) 1.6 1.6 3.5 3.5 1.1 1.1 1.1 1.1
Net power output (MW) 575 417 387 330 920 649 335 215
Therral efficiency, % (LHV) 45 32.4 57 47.1 49 34.1 42 28
CO, emission (kg/MWh) 172 112 366 42 812 125 950 172
Costs
Capture Inv (£/(ton/hr)) - 3.59E+05 - 8.69E+05 - 3.55E+05 - 3.65E+05
Total Inv (/W) 980 18471 600 1057 1230 2403 1500 3517
Operating costs (m€/yr) 75 96 76 G1° 90 127 36 54
Cost of Elect (£/MWh) 314 57.4 33.9 49.5 31.7 57.9 38.5 82.6
Cost of CO, Avoided (€/ton) - 39.3 - 48.1 - 42.5 - 60.6




Base cases capltal invesiment
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Cost of Elect (€E/MWh)
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Process economical analysi:
and optirnmization

CO, lean loading

CO, rermoval efficiency
MEA solvent conceniration
tripper operaling pressure
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el price

Discount factor
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Energy requirement Vs. lean
loading at different removal %
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Cost of CO, Avoided (Euro/ton)
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Cost of CO, Avoided (Euro/ton)
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Cost of COz2 Avoided (euro/to
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Cost of CO, Avoided and CoE
Vs, CO, removal %

Cost of CO, Avoided Vs. CO2 Removal % (CF) BCF Case
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Cost of CO, Avoided (Euro/ton CO,)

0.4

Cost of CO, avoided sensitivity
analysis

Fuel price (€/GJ)
0.8 1.2 1.6 2 2.4 2.8
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Cost of electricity (Euro/MWh)

Cost of electricity sensitivity
analysis

1 2 3

Fuel price [Euro/GJ]
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Case BCF NGCC  LCF LCF
Gross power plant output without capture 600 393 1000 3580
Net efficiency without capture % 45.0 57.5 49.2 42.4
Net efficiency with capture %, no neat integration 32.4 47.1 34.1 25

Net efficiency with capture using MEA % 34 A47.7 34.5 29.3
Net efficiency with capture using CASTOR 2 % 35.5 48.9 36.6 30.9
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Conclusions

A tecnno-econornical rmocel nas peen e /elor ed, which enaoles
process analysis, optimization and integrait

_/.._.

Process optirnization emrlole; a significant reduction in energy

requ]rements and overall CO, capture costs,

e optimurn flue gas CO, recovery frorm coal fired power station
lies ]rJ the range 80% - 95%.

g

15-20% of the nezt in the CO, capture process could be
recovered pack to the stearn cycle.
Process integration and neat recovery could save 0.4-1.6

percentage points frorn the overall efficiency penalty using ME
and extra 1.2-2.1 percentage points using the irnproved JJJ\/enr
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