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The ZECOMIX Project is aimed at studying an integrated process that produces both hydrogen 
and power from coal with high efficiency and zero emission.

This activity is developed in a larger framework of Italian Public Research Plan project as third 
line named: “Integrated Hydrogen and Power Production adopting Hydrogasification of Coal ”

The construction of a ZECOMIX experimental facility at ENEA
Casaccia Research Center, has been recently funded by Ministry
of Research for developing hydrogen technology.

1. Description of the 1. Description of the ZecomixZecomix conceptconcept
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1. Main areas1. Main areas
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1. Integration of Main Areas1. Integration of Main Areas
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1. Gasification/1. Gasification/decarbonizationdecarbonization islandisland
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1. Power Section1. Power Section
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1. 1. CalcinationCalcination UnitUnit
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1. Carbon Dioxide Drying and Compression1. Carbon Dioxide Drying and Compression
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2. Pre2. Pre--combustion decarbonisationcombustion decarbonisation
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2. Sorption enhanced reforming process 2. Sorption enhanced reforming process 

catalystcatalyst adsorbentadsorbentadsorbentadsorbent catalystcatalyst

OHCH 24 + 22 COH +
2CO

2CO

2CO
2CO

2CO
2CO

2CO2CO

2224

222

224

CO4HO2HCH                           

COHOHCO    :shift gas-Water

CO3HOHCH  :reforming  Steam

+⇔+

+⇔+
+⇔+

Separation reactorSeparation reactor



Third International Conference on Clean Coal
Technologies for our Future - 15-17 May 2007

2. 2. Thermal swing sorption enhanced reforming conceptThermal swing sorption enhanced reforming concept
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3. External resistance to mass transfer3. External resistance to mass transfer

Consider flow past a single spherical porous pellet

-Hydrodynamics boundary layer
-Fluid velocity varies with position around pellet
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3. Effective diffusivity 3. Effective diffusivity 11/2/2

Diffusing speciesDiffusing species

The effective diffusivity accounts for:The effective diffusivity accounts for:

--Not all area available for diffusionNot all area available for diffusion

--Paths are tortuousPaths are tortuous

--Pores varying crossPores varying cross--sectional areasectional area
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3. Effective diffusivity 3. Effective diffusivity 22/2/2
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3. Schematic representation of gas 3. Schematic representation of gas –– solid reactions solid reactions 
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3. Kinetic models for the conversion of solids3. Kinetic models for the conversion of solids
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3. Spherical grain model 3. Spherical grain model 11/3/3
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3. Spherical grain model 3. Spherical grain model 3. Spherical grain model 3. Spherical grain model 22/3/3
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3. Spherical grain model 3. Spherical grain model 33/3/3
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4. 4. NonNon--dimensionaldimensional variablesvariables
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4. Orthogonal collocation technique and Method of 4. Orthogonal collocation technique and Method of 
lineslines
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4. 4. ModelingModeling resultsresults 1/21/2

Value of parameters used 

Parameters Value

N0Ca [mol/cm3] 8.8 x 10-3

N0Mg [mol/cm3] 8.4 x 10-3

δCaO [nm] 166

ε0 [-] 0.46

Sh [-] 2.34

R0 [μm] 125

T0 [°C] 550

kS [cm4/(mol s)] 5.95 10-2

k [cm/s] 5.23 x 10-4

k0 [1/s] 28.14

Dpl [cm2/s] 2.6 x 10-10
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Johnsen K, Grace JR, Elnashaie SSEH, Kolbeinsen L, Eriksen D. 
Modelling of sorption–enhanced steam reforming in a dual fluidized 
bubbling bed reactor. Ind. Eng. Chem. Res. 2006
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4. The core and 4. The core and outerouter radiusradius of the of the graingrain
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4. The 4. The volumetricvolumetric conversionconversion of the of the graingrain
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5. Conclusions 5. Conclusions 

--Mathematical Mathematical modelingmodeling of Simultaneous Reaction of Simultaneous Reaction 
and Diffusion (SRD) process;and Diffusion (SRD) process;

--Orthogonal collocation technique and method of Orthogonal collocation technique and method of 
lines in order to solve a parabolic partial differential lines in order to solve a parabolic partial differential 
equation;equation;

--Changing grain model with Changing grain model with δδCaOCaO=166=166μμm and m and 
DDplpl=2.6=2.6··1010--1010 cmcm22/s/s
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Thank youThank you
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