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Focus:     Identification of sustainable hydrogen and gaseous fuel sources, from    

  biomass feedstocks, for use in fuel cells. 

 

Stage 1:   Identification of biomass pathways, analysis of fuel gases, and ranking of   

    sustainable & high yielding pathways with potential for fuel cells. 

 

Stage 2:   Utilisation of Life Cycle Analysis (LCA) to assess and investigate the  

    environmental impact of key pathways, and re-ranking of fuel gases. 
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- Lignocellulosic   - Agricultural residues 

  (woody biomass/     (corn stover, rice straw, etc., 

  forestry residues)    /animal slurries) 

 Issue of hydrogen coming from fossil sources. 

 

 Abundance of different types of waste biomass: 

 

 

 

 

 Most can be exploited to extract hydrogen and hydrogen rich gases. 

 

 Developments in sustainable biological produced hydrogen (biohydrogen) are 

advancing. 
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Figure 1 

Hydrogen pathways from biomass 

Adapted from: Schlarb-Ridley (2013) and Milne (2002)  

* ‘Hydrogen Separation’ stage is where additional gases are removed to produce pure hydrogen, typically via pressure swing absorption. 

 

NB: ’Reforming Shift’ and ’Bio-shift’ in Figure 2 refer to steam methane reforming and biological water-gas shift reaction. 
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Table 1 

Biomass pathways and respective fuel gas production 
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4
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2
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2
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~ Fossil Natural Gas (~95% CH
4
, ~2.5% C

2
H

6
, ~1.5% N

2
, <1% CO

2
, trace SO

2
) 



6 

Table 2 

Biomass pathways summary table ranking order – Stage 1 

S1 

Sustainable 

Hydrogen 

Hydrogen 

from Biomass 

Life Cycle 

Analysis 

Pathway 

Investigation 
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ISO 14040 & 14044 

2006 Standards 

Environmental Management 

LCA & LCI Principles & Framework 

Figure 2 

LCA methodology 

Sustainable 

Hydrogen 

Hydrogen 

from Biomass 

Life Cycle 

Analysis 

Pathway 

Investigation 

Goal and Scope: Assessment of four 1MWh SOFC systems, each with a different fuel gas, 

including production of fuel gas from biomass/source materials/biological processes.  

 

Inventory: The quantity of biomass and fuel gas needed for each system was calculated. 

Processes, inputs and outputs were also defined. Investigatory research data was used 

and topped up with database data. 
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Figure 3 

1MWh electrical output SOFC pathway with different fuel gases  
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Figure 3 

1MWh electrical output SOFC pathway with different fuel gases  
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Figure 4 

Metabolic Processing Photobiolysis Bioreactor 

Adapted from: NREL (2015) 
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Figure 5  

Biohydrogen via PSA Impact Assessment 
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Figure 6 

Biohydrogen via PSA Impact Assessment (Biohydrogen percentile) 
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Figure 7 

MP Biohydrogen pre PSA Impact Assessment (percentile) 
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Anaerobic Digestion:  

High impact fuel. 

 

Natural Gas:  

Low impact fuel, but fossil 

sourced – to be avoided. 

 

SCWG:  

Second highest Impact. 

 

Metabolic Processing:  

Lowest impact! 
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Figure 8 

1MWh SOFC fuel comparison  

Impact Assessment (normalised) 



15 

Table 3 

Biomass pathways summary table ranking order – Stage 2 

S2 

Sustainable 

Hydrogen 

Hydrogen 

from Biomass 

Life Cycle 

Analysis 

Pathway 

Investigation 
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Focus:      Identification of sustainable hydrogen and gaseous fuel sources, from biomass    

 feedstocks, for use in fuel cells. 

 

Stage 1:   Anaerobic Digestion and SCWG identified as potential biomass pathways for   

 sustainable, high yielding fuel gases for SOFCs. Better performance seen from  

 external reforming than internal reforming, unlike Gasification Syngas. 

 

Stage 2:   LCA results showed environmental impacts of Algal Metabolic Processing  

 biohydrogen had excellent fuel gas potential. SCWG was also found to have a  

 lower impact than Anaerobic Digestion, but higher than Natural Gas. 

 

Stage 3:   Preliminary assessment of impact burdens shows potential  

 allocation to sub-processes, not fuel gas. 

 

Sustainable 

Hydrogen 

Hydrogen 

from Biomass 

Life Cycle 

Analysis 

Pathway 

Investigation 



17 

1) Are the Impact Assessment emissions really burdens?  

Are burdens associated only with the primary produce, not the waste? 

If true, can burdens be allocated to a deeper sub-process?  

i.e. Are emissions truly associated with the fuel gas, or with a sub-process? 

 

2) Potential for ‘free’ fuel gas 

Comparison of results to original emissions from waste pathway and 

calculating the associated ‘free’ fuel gas that has come from using a waste 

product. 

i.e. What impacts does leaving the waste biomass to naturally decompose 

and/or be disposed of have? 

 

3) Stage 3 Rankings 

Biomethane from AD Biogas VS Biohydrogen from Algal MP gas 

Final identification of sustainable fuel gases for SOFCs! 
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Appendix 1 

Biomass pathways and respective coverage in literature across ‘biomass’ and ‘biomass LCA’ filters 
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Appendix 2 

Biomass pathway efficiencies and total chain efficiencies 
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Appendix 3 

Biomass pathways and their respective fuel cell and biomass demands 
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