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ZECOMIX ZECOMIX plantplant: DescriptionDescription

Hydrogasifier

Carbonator / 
calcinator

ASU

Power plant

H2 Compressors

CO2 Compressors

Coal

steam

O2

O2

Coal

H2/steam HT steam
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Coal gasification & H2 production sectionCoal gasification & H2 production section

coal

water

0.33 kg/s

750°C

30 bar

ash
0.09 kg/s

0.0661N2

1.6925.6H2O
2.0631.2CH4

0.304.6H2

0,9414.3CO2

1.5323.2CO

Kg/sec%

0.0661N2

1.6925.6H2O
2.0631.2CH4

0.304.6H2

0,9414.3CO2

1.5323.2CO

Kg/sec%

0.040.4N2

1.6629.6H2O
1.020.0CH4

0.2743.5H2

0.413.0CO2

0.33.5CO
Kg/sec%

3.68 kg/s

0.0661N2

1.6925.6H2O
2.0631.2CH4

0.304.6H2

0,9414.3CO2

1.5323.2CO

Kg/sec%

0.0661N2

1.6925.6H2O
2.0631.2CH4

0.304.6H2

0,9414.3CO2

1.5323.2CO

Kg/sec%

0.030.3N2

1.5129.5H2O
0.429.2CH4

0.3459.1H2

0.080.7CO2

0.091.2CO
Kg/sec%

2.47 kg/s

steam

1.5 kg/s

steam

5 kg/s

CaO

2.13 kg/s 0.79 kg/s

CaCO3

1.35 kg/s

CaCO3

3.78 kg/s

1.06 kg/s

2,4678.0H2O
0,6320.1H2

Kg/sec%

2,4678.0H2O
0,6320.1H2

Kg/sec%

5.2471.3H2O
0.2428.4H2

Kg/sec%

CH4 + H2O CO + 3H2 
CO + H2O  CO2 + H2
CaO + CO2 CaCO3

CH4 + H2O CO + 3H2 
CO + H2O  CO2 + H2
CaO + CO2 CaCO3

C + 2H2 CH4
C + H2O CO+H2
CO + H2O CO2+H2

C + 2H2 CH4
C + H2O CO+H2
CO + H2O CO2+H2

H2/Steam
540°C
30 bar

775°C
30 bar

Recirculated
flow

1kg/s
(24.8 MWt)
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HRSG

COMP

HTT LPTHPTCMB

COND

Water drain

H2/Steam from gasification section Oxygen from ASU

HRSG

Hot CO2 from Calciner

Steam to Gasification section

POWER

CO2 

Power Section (Power Section (ZecotechZecotech cyclecycle))



Page 5 of 14

ZECOMIX ZECOMIX plantplant: net : net efficiencyefficiency 50%50%

Hydrogasifier

Carbonator / 
calcinator

ASU

Power plant

H2 Compressors

CO2 Compressors

Coal

steam

O2

O2

Coal

H2/steam HT steam
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Gasification Plant: 
Hydrogen production

Zecotech
Cycle

H2: m2

compressors

H2: m1

Electricity

Distribution

compressors CO2

Analyzed
configurations

m2/(m2+m1) m1/(m2+m1)
100 all

hydrogen
0

70 30
50 50
30 70
0 100 all

electricity

PlantPlant configurationsconfigurations in in thermoeconomicthermoeconomic analysisanalysis

Storage
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PlantPlant configurationsconfigurations simulationsimulation resultsresults

Coal input (kg/s) Production

CR (%)
Energy 

Eff.
Exergy

Eff.
Gasifier

(A)
Calciner

(C)
H2 

(kg/s)
Electricity 

(MW)

100 78% 43% 59.1 25.4 18.7 0.0

70 66% 41% 59.1 25.4 13.7 250.0

50 62% 43% 26.9 11.6 4.4 250.0

30 56% 46% 17.4 7.5 1.7 250.0

0 50% 50% 11.4 4.9 0.0 250.0
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ThermoeconomicThermoeconomic analysisanalysis

Goal: Goal: minimizationminimization of of productsproducts costcost

1) Correct Allocation of:  
• Capital costs of each plant components
• Operating costs (efficiency components and primary

resources)

2) Combination of:
• Investment
• Thermodynamic analysis

1) 1) CorrectCorrect AllocationAllocation of:  of:  
•• Capital costsCapital costs of each of each plantplant componentscomponents
•• OperatingOperating costscosts ((efficiencyefficiency componentscomponents and and primaryprimary

resourcesresources))

2) 2) CombinationCombination of:of:
•• InvestmentInvestment
•• Thermodynamic Thermodynamic analysisanalysis
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ThermoeconomicThermoeconomic analysisanalysis: procedure: procedure

Generic component
aa

cc

b (b (auxiliaryauxiliary productproduct))

d d 
((desireddesired productproduct))

Destroyed
Exergy

ma*ea*ca + mc*ec*cc + Z = mb*eb*cb + md*ed*cd
ma*ea*ca + mc*ec*cc + Z = mb*eb*cb + md*ed*cd

CostCost balancebalance equationequation::

where:
m: mass flow rate (kg/s)
e: specific exergy (kJ/kg)
c: exergy cost (€/kJ)

ipothesis:
a b auxiliary step => ca = cb

auxiliaryauxiliary equationequation::

ca = cb
ca = cb
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ThermoeconomicThermoeconomic analysisanalysis: : 
component cost balance component cost balance equationequation

coal

rec. syngas

CH4 syngas

Hydrogasifier

mcoal*ecoal*ccoal + mrec*erec*crec + Z = 
mch4*ech4*cch4

mcoal*ecoal*ccoal + mrec*erec*crec + Z = 
mch4*ech4*cch4

CO2 capture section: 

coal

steam

O2

CH4 syngas H2 syngas

CO2

mcoal*ecoal*ccoal + mo2*eo2*co2 + 
msteam*esteam*csteam + mch4*ech4*cch4 + Z = 

mh2*eh2*ch2 + mco2*eco2*cco2

mcoal*ecoal*ccoal + mo2*eo2*co2 + 
msteam*esteam*csteam + mch4*ech4*cch4 + Z = 

mh2*eh2*ch2 + mco2*eco2*cco2
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ThermoeconomicThermoeconomic analysisanalysis: : 
component cost balance component cost balance equationequation
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CostCost assignmentassignment

R&DR&D componentcomponent::
α

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

0
0 *

x
xCC

ConventionalConventional componentcomponent:: ),...,( 21 nxxxfC

x:    representative size parameter
C0: known cost of component with x=x0
α:   depends on component type

=

ConventionalConventional componentcomponent
outsideoutside allowableallowable rangerange::

α

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

ox
xxxxfC *),,( 321

Plant construction 
contingencies as percentage 

of total components cost

Instrumentation and 
control 5%

Land 5%

Buildings 15%

site preparation 5%

Civil works 15%

Electronics 15%

Piping 20%

Engineering 20%

Building interest 8%

project contingency 10%

fees 12%

start up 5%

Auxiliaries 14%

Coal Pre-treatment 5%

Investment parameters

Time frame investment 20 
years

Interest rate 5%;

Plant load factor 85%.
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ResultsResults of of analysisanalysis: : costcost distributiondistribution

Cost distribution (100% H2 - 0% Elec)

7%

43% 53%

47%
50%

0%
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Costo input (%) Costo output (%)

Cap

CO2
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H2
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O2

Cost distribution (0% H2 - 100% Elec)

15%

30% 57%

43%

55%

0%

10%

20%
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100%

Costo input (%) Costo output (%)

Cap

CO2

Electricity

H2

Coal

O2

Cost distribution (50% H2 - 50% Elec)

12%

35%

25%

25%
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ResultsResults of of analysisanalysis:: productsproducts specificspecific costcost

Capital cost and 
operative cost

H2
cost

CO2
cost

Electricity
cost

CR (%)
CO2 cost 

(€/ton)
Electricity cost

 (c€/kWh) H2 (€/GJ)

100 21,8 0,0 3,2
70 25,1 2,0 3,0
50 25,9 2,0 3,2
30 26,8 2,0 3,1
0 30,0 2,5 0,0

H2 cost:
•Gasifyer capital cost
•Coal consumption
•Compression 
•Oxygen consumption

Electricity cost;
•Power plant capital cost
•Syngas consumption
•Oxygen consumption

CO2 cost:
•Decarbonator/calcinator capital cost
•CO2 compression
•Calcination coal consumption
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CR (%) Cost electricity
 (c€/kWh)*

H2 (€/GJ)* Cost electricity
 (c€/kWh)**

H2 (€/GJ)**

Overall
 Exergy 

cost 
(€/GJ)**

100 0.00 5.9 0.00 5.9 10.8
70 3.18 6.8 3.92 6.4 11.4
50 3.29 7.4 3.84 6.4 11.2
30 3.50 7.7 3.85 6.2 10.8
0 4.36 0.0 4.36 0.0 12.1

*H2 exergy as is
** H2 processed in a plant with 0.55 exergy conversion efficiency

η=1 η=0.55 

Hydrogen cost = 5.9 €/GJ (7.1 $/GJ)
Electricity cost 4.36 c€/kWh (5.23 c$/kWh)

ResultsResults of of analysisanalysis:: hydrogenhydrogen and and electricityelectricity costcost
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ComparisonComparison withwith publishedpublished data (CR = 0)data (CR = 0)

Capital cost 
($/kW)

Elec. cost 
(c$/kWh) Eff Capital cost 

($/kW)
Elec. cost 
(c$/kWh) Eff

Entrained flow Gasifier IGCC plant 
(Pre -Combustion Capture)

1.371 4,8 43% 1.860 6,3 35%

Entrained flow Gasifier IGCC plant 
(precombustion CO2 capture)

1.187 4,5 38% 1.495 5,6 32%

Supercritical pulverized coal plant 
(post combustion capture )

1.222 4,4 44% 1.755 6,2 33%

Supercritical pulverized coal plant 
(post combustion capture )

1.171 4,3 44% 1.858 6,3 35%

Oxy-fuel capture on advanced 
supercritical

Pulverized coal plant 
1.513 4,9 44% 2.342 7,28 35%

Oxy-fuel capture on advanced 
supercritical

Pulverized coal plant ()
1.171 4,3 44% 1.858 6,3 35%

ZECOMIX 
(CR0 configuraion -all power 

configuration)
- - - 2.716 5,2 50%

No-CO2 capture CO2 capture
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Cost and efficiency conversion of hydrogen Cost and efficiency conversion of hydrogen 
final conversion devicesfinal conversion devices

Plant type

Capital 
cost 
k€/kW

Conversion 
Efficiency

Fuel cells* 4.0 90%

Fuel cells * 3.0 80%

Fuel cells * 2.0 70%

Combined 
Plant (NGCC)* 0.7 60%

Combined 
Plant (NGCC)* 0.6 50%

Turbo gas 0.4 40%

Turbo gas 0.3 30%

Otto Engine* 0.2 20%

Otto Engine* 0.1 10%

Approximation of +/- 30% has to be 
considered in plant capital cost

* Several levels of costs and efficiencies have 
been considered

for the same technology 
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90% 80% 70% 60% 50% 40% 30% 20% 10%
100

70

50

30

0
28.00-29.00
27.00-28.00
26.00-27.00
25.00-26.00

24.00-25.00
23.00-24.00
22.00-23.00
21.00-22.00
20.00-21.00
19.00-20.00

18.00-19.00
17.00-18.00
16.00-17.00
15.00-16.00
14.00-15.00
13.00-14.00

12.00-13.00
11.00-12.00

minimun
costs

High efficiency, 
high costs Low efficiencies, low costs

11 $/GJ

19 $/GJ

AnalysisAnalysis of the of the cogenerativecogenerative ratioratio
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ZecomixZecomix Plant capital costs account for more than 50% of the total, Plant capital costs account for more than 50% of the total, 
the CO2 capture process ought to be  charged with more than 40% the CO2 capture process ought to be  charged with more than 40% 
of the whole plant cost (operative + capital)of the whole plant cost (operative + capital)

ConclusionsConclusions

Several plant configurations have been analyzed, each of them Several plant configurations have been analyzed, each of them 
characterized by different cocharacterized by different co--production ratios. The estimated production ratios. The estimated 
product costs for the product costs for the ““all powerall power”” and and ““all hydrogenall hydrogen”” configurations configurations 
are respectively 4.36 care respectively 4.36 c€€/kWh and 5.9 /kWh and 5.9 €€/GJ and confirm the validity /GJ and confirm the validity 
of the proposed solutionof the proposed solution

A method for the choice of most convenient coA method for the choice of most convenient co--production ratio has production ratio has 
been developed and applied. been developed and applied. 
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