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CHP Fuel Cell Systems

•Fuel processing sub-systems

•Fuel cell sub-systems

•Thermal management

•Power electronic sub-systems



CHP Fuel Cell Systems



Fuel Processor Sub System



Fuel Processor Sub System



Fuel Processor Sub System



External Reforming



External Reforming



Steam Reforming

(endothermic)

(WGS with excess water)



Partial Oxidation

(exothermic)

•Complete oxidation (oxygen rich)

(exothermic)

•Partial oxidation (fuel rich)

(exothermic)

(WGS with excess water)



Autothermal Reforming

•Neutral reaction by proper steam to carbon•Neutral reaction by proper steam to carbon 
ratio (z/x)



Water Gas Shift Reactors

( th i )(exothermic)
•High T

-Equilibrium shift to the reactant side

-Fast kineticsFast kinetics

•Low T

-Equilibrium shift to the product side 

Sl ki i-Slow kinetics

* 1st stage: High T => 2nd stage: Low T 1 stage: High T > 2 stage: Low T



Carbon Monoxide Clean-up

Ch i l ti•Chemical reaction

-Selective methanation of COSelective methanation of CO

-Selective oxidation of COSelective oxidation of CO

•Physical seperation

-Pressure-swing absorption

-Membrane seperation



Chemical Reaction

•Low T preferred for selective

•Multi-stage catalyst bed in decreasing temperatureMulti stage catalyst bed in decreasing temperature



Pressure Swing Absorption



Membrane Separation

•Palladium

P diff-Pressure difference

-Temperature

-Thickness

•Purging•Purging

-Removes other gas near surface

•Pinhole leaks



Fuel Cell Systems



Fuel Cell Systems



Power Electronics Sub-Systems

•Power conditioning
•Supply managementSupply management



Thermal Management Sub-Systems



Heat Exchanger



Pinch Point Analysis



Stream Identification



Thermal Data Determination



Selection of dTmin,set

•Minimun dT at L=0•Minimun dT at L=0
•dT = 3~40C



T-H Diagram: dTmin>dTmin,set



T-H Diagram: dTmin>dTmin,set



T-H Diagram: Phase Change



Iteration

•Re-orientate flows until dTmin>dTmin,set

E l diff t h t h•Employ different heat exchangers

•Multiple scenario evaluation

•Cost benefit consideration

•Usually aided by computer software (e g ASPEN)•Usually aided by computer software (e.g. ASPEN)


