Biological H, Production from Synthesis Gas:
Preliminary Techno-Economics & Reactor
Design Issues
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* Biomass-derived synthesis gas can provide a renewable route to
hydrogen (H,). A novel bacterial process has been proposed as an
alternative to the conventional high-temperature catalytic process for
the production of H, from synthesis gas via the Water-Gas Shift
(WGS) reaction.

» We have performed a preliminary techno-economic analysis of the
proposed process and of the conventional high-temperature shift
(HTS) process. The biological WGS process may be a promising
alternative to conventional processes at low methane concentrations
because steam generation required for the conventional HTS and
steam reforming can be eliminated, resulting in savings of both
capital and operating costs.

Gasification

(CH,0),—2->nCO +nH,
Water-Gas Shift (WGS)

nCO +nH,0 <—nCO, +nH,

Overall
(CH,0), + nH,0 <2 nH, +nCO,

« If steam reforming is necessary, the additional cost of the biological

WGS reactor relative to the HTS reactor is not justified. At higher CH, concentrations, reforming

produces more H, per unit syngas
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« All four cases required compression of the inlet gas to 300psig

and pressure-swing adsorption (PSA) for final gas cleanup. 10 100 1,000 10,000
H, Production Rate (kg/h)

* The results indicate that the biological WGS process is a
promising alternative to conventional HTS process for CH,
concentrations less than 5%, since steam generation needed for
both reforming and HTS can be eliminated. The savings
associated with this elimination is greater than the additional

cost of the biological WGS reactors.

Key Model Assumptions
$3.50/MMBtu
$5.00/MMBtu
$0.05/kWhr
15% WACC

*Natural Gas:

*Synthesis Gas:

* At higher CH, concentrations, the reforming step is necessary
because the additional hydrogen produced from CH, is
significant. The additional cost of the biological WGS reactor
relative to the HTS reactor is not justified.

*Electricity:
«Capital:

* The cost of the delivered hydrogen is sensitive to the hydrogen
production rate. At production rates less than 100 kg/hr, the
contribution of labor costs to the required H, selling price is
~50%. At higher production rates, the feedstock cost becomes
the main cost component
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