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Presentation OverviewPresentation Overview

�� Work objectives and methodologyWork objectives and methodology
�� Economical model basics and Economical model basics and 

assumptionsassumptions
�� Base cases definitions and resultsBase cases definitions and results
�� Technical and economical analysisTechnical and economical analysis
�� Process integration and heat Process integration and heat 

recoveryrecovery
�� ConclusionsConclusions
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Scope of this workScope of this work

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

nn The activities in this work are:The activities in this work are:
ll Definition of power plant baseline caseDefinition of power plant baseline case

ll Process modelling and designProcess modelling and design

ll Economical analysisEconomical analysis

ll Heat integration and recoveryHeat integration and recovery
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Integrated approach in process Integrated approach in process 
modellingmodelling

Economic evaluation and analysis

Equipment design and process integration

Process modelling – flow sheeting tools

Process base case definition
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Work methodologyWork methodology

nn Process simulationProcess simulation
ll Relevant variables:Relevant variables:

–– The COThe CO22 removal %removal %

–– The MEA wt. % in the solutionThe MEA wt. % in the solution

–– The lean loading in the feed solution to the absorberThe lean loading in the feed solution to the absorber

–– Stripper pressureStripper pressure

–– Lean solvent temperatureLean solvent temperature

ll Assess the impact on:Assess the impact on:
–– Thermal energy requirementThermal energy requirement
–– Cooling waterCooling water
–– Cost of electricityCost of electricity
–– Avoided costsAvoided costs

nn Modelling and design of the main equipmentModelling and design of the main equipment

nn Determination of capital and operating expenses.Determination of capital and operating expenses.

nn Overall process economical evaluationOverall process economical evaluation

nn Process integration and heat recoveryProcess integration and heat recovery
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Process Flow SheetProcess Flow Sheet
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Model block diagramModel block diagram
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Economical Economical 
model work model work 
diagramdiagram
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Economical model tree diagramEconomical model tree diagram
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Total Capital Investment Total Capital Investment 
(CAPEX)(CAPEX)--1/21/2

nn Fixed Capital Investment (FCI)Fixed Capital Investment (FCI)
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Total Capital Investment Total Capital Investment 
(CAPEX)(CAPEX)--2/22/2

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

nn Start up:Start up: normally (8normally (8--10)% of FCI taken 10)% of FCI taken 
as 10% of FCI.as 10% of FCI.

nn Solvent start up cost.Solvent start up cost.
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Total Manufacturing Cost Total Manufacturing Cost 
(OPEX)(OPEX)
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11
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2020
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22--15% of TMC15% of TMCR&D costsR&D costs

22--20% of TMC20% of TMCDistribution and MarketingDistribution and Marketing

1515--20% of OL20% of OLAdministrative costsAdministrative costs

General ExpensesGeneral Expenses

5050--70% of (M+OL+S)70% of (M+OL+S)Plant Overhead CostPlant Overhead Cost

1010--20% OL20% OLLaboratory chargesLaboratory charges

15% of Maintenance 15% of Maintenance Operating suppliesOperating supplies

30% of total labour cost30% of total labour costSupervision & Support labourSupervision & Support labour

2 job/shift2 job/shiftOperating labourOperating labour

1.01.0--10%FCI10%FCImaintenancemaintenance

0.50.5--3.1 Kg/ton CO3.1 Kg/ton CO2  2  Solvent makeupSolvent makeup

(Heat reboiler, Cooling water, Electricity)(Heat reboiler, Cooling water, Electricity)UtilitiesUtilities

Direct Production CostDirect Production Cost

0.50.5--1 % FCI1 % FCIInsuranceInsurance

1.01.0--4.0 % FCI4.0 % FCILocal TaxesLocal Taxes

2020--40% FCI40% FCICapital ChargeCapital Charge

rangerangeFixed ChargeFixed Charge
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Utilities PricesUtilities Prices

0,0750,075EUR/mEUR/m330.05 0.05 -- 0.1 0.1 Make up cooling waterMake up cooling water

2,002,00$/GJ$/GJ2,002,00Heat ReboilerHeat Reboiler

0,060,06EUR/KWhEUR/KWh0.06 0.06 -- 0.110.11Electric PowerElectric Power

UsedUsedUnitUnitRangeRangeUtilitiesUtilities

Heat to Electricity Equivalence Factor (FHE): (14-24%) of the heat 
energy required, this value taken to be 22%. The value depends on 
the degree of heat integration in the plant. (Rao and Rubin 2004)

Total Elec. required in Capture process = Elect. Power + Heat ReTotal Elec. required in Capture process = Elect. Power + Heat Reboilerboiler
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Economical model assumptionsEconomical model assumptions

nn Project life: 25 years.Project life: 25 years.

nn Working hours: 7500 hr/year.Working hours: 7500 hr/year.

nn 1 Euro = 1.2 $ (2005).1 Euro = 1.2 $ (2005).

nn Time required for construction: 3 years (40%, 40%, 20% of FCI).Time required for construction: 3 years (40%, 40%, 20% of FCI).

nn The fixed capital investment (FCI) is taken in the first two yeaThe fixed capital investment (FCI) is taken in the first two years of rs of 
construction (construction (--2,2,--1).1).

nn The working capital was added to the annual cash flow in the lasThe working capital was added to the annual cash flow in the last t 
year (25).year (25).

nn 8% discount factor was used in the cash flow analysis.8% discount factor was used in the cash flow analysis.

nn Work has been done as preWork has been done as pre--taxation and no depreciation taxation and no depreciation 
calculations was included.calculations was included.

nn The COThe CO22 product compression is included in this study, which is product compression is included in this study, which is 
delivered at 110 bar and 25 delivered at 110 bar and 25 ooCC..

nn MEA Price = 1042 MEA Price = 1042 €€/ton (1250 $/ton)/ton (1250 $/ton)



15
CASTOR-SP2: Economic modelling & Integration             CASTOR-ENCAP-CACHET-DYNAMIS workshop, Lyon, 2008.01.22&23

Power plants cases overview Power plants cases overview 

1.1. 600 600 MWeMWe bituminous coal fired (bituminous coal fired (DoosanDoosan Babcock)Babcock)

2.2. 393 393 MWeMWe NGCC (Siemens/NGCC (Siemens/StatoilStatoil))

3.3. 1000 1000 MWeMWe lignite coal fired (RWE)lignite coal fired (RWE)

4.4. 380 380 MWeMWe lignite coal fired (PPC)lignite coal fired (PPC)

1.11.1

(0.8(0.8--1.7)1.7)
1.11.1

(0.8(0.8--1.7)1.7)
3.53.5

(2.6(2.6--5.2)5.2)
1.6 1.6 

(1.2(1.2--3.2)3.2)
Fuel Price (Fuel Price (€€/GJ)/GJ)

2525252525252525Project life (year)Project life (year)

38.238.232.732.733.933.931.431.4COE without Capture (COE without Capture (€€//MWhMWh))**

1500150012301230600600980980Specific cost  (Specific cost  (€€//kWekWe))

8598592108210868268212791279Fuel (Fuel (MWthMWth))

44442233Construction period (year)Construction period (year)

39.539.549.349.356.556.545.245.2Efficiency % LHVEfficiency % LHV

38038010001000393393600600Gross Capacity (MW)Gross Capacity (MW)

LCFLCFLCFLCFBCFBCFNGCCNGCC

* CoE was 
estimated using 
the current 
model
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Base case resultsBase case results
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60.660.6--39.339.3--Cost of COCost of CO22 Avoided (Avoided (€€/ton)/ton)

82.682.638.538.557.457.431.431.4Cost of Elect (Cost of Elect (€€/MWh)/MWh)

5454363696967575Operating costs (mOperating costs (m€€/yr)/yr)

351735171500150018411841980980Total Inv (Total Inv (€€/kW)/kW)
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Base cases capital investment Base cases capital investment 
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Base cases cost of electricityBase cases cost of electricity
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Process economical analysis Process economical analysis 
and optimizationand optimization

nn COCO22 lean loadinglean loading

nn COCO22 removal efficiencyremoval efficiency

nn MEA solvent concentrationMEA solvent concentration

nn Stripper operating pressureStripper operating pressure

nn Fuel priceFuel price

nn Discount factorDiscount factor

nn Project lifeProject life
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Energy requirement Vs. lean Energy requirement Vs. lean 
loading at different removal %loading at different removal %
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Cost of COCost of CO22 avoided Vs. lean avoided Vs. lean 
loading at different removal %loading at different removal %
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Energy requirement Vs. lean Energy requirement Vs. lean 
loading at different MEA wt. %loading at different MEA wt. %
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Cost of COCost of CO22 avoided Vs. lean avoided Vs. lean 
loading at different MEA wt. %loading at different MEA wt. %
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Cost of COCost of CO22 avoided Vs. avoided Vs. 
Stripper pressureStripper pressure
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Cost of COCost of CO22 Avoided and CoE Avoided and CoE 
Vs. COVs. CO22 removal %removal %
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Cost of COCost of CO22 avoided sensitivity avoided sensitivity 
analysisanalysis

BCF Case
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Cost of electricity sensitivity Cost of electricity sensitivity 
analysisanalysis
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Process integration and heat Process integration and heat 
recoveryrecovery

42.442.449.249.257.357.345.045.0Net efficiency without capture %Net efficiency without capture %

38038010001000393393600600Gross power plant output without captureGross power plant output without capture

48.948.9

47.747.7

47.147.1

NGCCNGCC

35.535.5

3434

32.432.4

BCFBCF

Net efficiency with capture using CASTOR 2 %Net efficiency with capture using CASTOR 2 %

Net efficiency with capture using MEA %Net efficiency with capture using MEA %

Net efficiency with capture %, no heat integrationNet efficiency with capture %, no heat integration

CaseCase

30.930.936.636.6

29.329.334.534.5

282834.134.1
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ConclusionsConclusions

nn A technoA techno--economical model has been developed, which enables economical model has been developed, which enables 
process analysis, optimization and integration. process analysis, optimization and integration. 

nn Process optimization enables a significant reduction in energy Process optimization enables a significant reduction in energy 
requirements and overall COrequirements and overall CO22 capture costs. capture costs. 

nn The optimum flue gas COThe optimum flue gas CO22 recovery from coal fired power station recovery from coal fired power station 
lies in the range 80% lies in the range 80% -- 95%.95%.

nn 1515--20% of the heat in the CO20% of the heat in the CO22 capture process could be capture process could be 
recovered back to the steam cycle.recovered back to the steam cycle.

nn Process integration and heat recovery could save 0.4Process integration and heat recovery could save 0.4--1.6 1.6 
percentage points from the overall efficiency penalty using MEA percentage points from the overall efficiency penalty using MEA 
and extra 1.2and extra 1.2--2.1 percentage points using the improved solvent 2.1 percentage points using the improved solvent 

CASTOR 2.  CASTOR 2.  


