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Introduction 
Dark fermentation 
for hydrogen 
production

Current research is driven to generate technologies for
energy production that cause low or no net negative
environmental impacts.

Hydrogen from residual biomass can be produced through
DF, this is a biological process in which simple sugars or
disaccharides are transformed into hydrogen carbon
dioxide and organic acids using different microbial
groups [1, 2].

DF is considered the most feasible route for bio-hydrogen
synthesis, where the organic matter can be degraded under
different metabolic pathways [3, 4].
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Life cycle assessment a 
decision-making tool for 
biorefinery implementation  

Life cycle assessment allows
the comparison between
systems, products and
goods to choose
environmentally better
market relevant and
available alternatives for
biorefinery implementation.
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Materials and Methods

Definition of a real-scale DF process for bio-hydrogen production by the comparison 
of the environmental performance of system temperature
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The assessment of the technical framework

The estimation of the environmental performance






Previous studies have defined optimal operating
conditions for hydrogen production at mesophilic and
thermophilic conditions for the valuation coffee
mucilage (CFM), cocoa mucilage (CCM) and pig manure
(PM).

Amado et al. estimated in and out flows through the
simulation of the chemical reactions in AspenPlus for
the DF process for the temperatures of 35 and 55 °C.

In addition, different authors [5-7] have delivered
information over the availability of the substrates in
Santander, Colombia, from 2007 to 2018 for the
mucilages, and from 2016 to 2019 for the PM.

Technical 
framework 






Life cycle assessment
Mass and energy balances

Table 1. Potential environmental 
impacts categories evaluated 

according to the EPD methodology

Impact categories Equivalent unit 

Acidification (AC) Kg SO2 eq 
Eutrophication (ET) Kg PO4 eq 
Climate change (GW) Kg CO2 eq 
Ozone depletion (OLP) Kg CFC-11 eq 
Photochemical oxidants (OP) Kg C2H4 eq 
Abiotic depletion (AD) Kg Sb eq 
Abiotic depletion potential of 
fossil fuel (ADFF) 

MJ 

Water scarcity (WS) m3 eq 
 






Mass and 
energy balances Table 3. Substrate mixture percentage (% p).
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In and Outflows were calculated
for each scenario was based on
information from ICA (Instituto
Colombiano Agropecuario) and
Agriculture Ministry [5-7] for
Santander department projected
to 20 years of operation.

Substrates 
35 °C 45 °C

PM 23.196 42.062

CFM 46.01 38.633

CCM 30.794 19.305
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Results and discussion
Technical framework Table 2. AspenPlus simulation results [8].

Variable 
Temperature 

35 °C 45 °C 
Installed capacity  (ton) 4760.8 5669.9 

Reactor volume (m3) 5132.9 11482.4 
Biogas production 

(ton/d) 
0.113 0.541 

Digestate  (ton/d) 441.539 1240.86 
Heat duty (kJ/d) 2,556,820.76 89,044,938.36 

 

The simulation provided the 
concentrations of the composites 

found in the outlet streams, 
which were used to carry out the 

environmental impact 
assessment.

For process scaling, AspenPlus was used.
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Life cycle assessment
Environmental profile for biogas 
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The impact categories with the higher contributions for 
35 °C correspond to GW with more than 69.6% and AD 
close to 28.3% due to the use of fossil fuels. In contrast, 

for the 45 °C process, 86.9% of the potential 
environmental impacts are associated with ADFF, about 

6.9% with WS, and 6.2% with GW.
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Environmental profile for digestate production 

Treatment of the liquid streams is necessary given the 
emissions of carbon dioxide (CO2), nitrogen dioxide (NO2) 

and methane (CH4), gases that contribute to the GW 
category. Likewise, wastewater treatment in its storage and 

disposal phases generates direct and indirect greenhouse gas 
(GHG) emissions [60].






Conclusions

A real-scale production of bio-hydrogen from the use of CCM, CFM and PM for the generation of

electrical energy, has limitations that must be addressed when considering its scale-up, such as

the high consumption of water in the DF reactor, the transport of the substrates, the

pretreatments, and the heat losses regarding the industrial equipment. The influence of

temperature is linked to the initial organic load of the substrates since for the 35 °C scenario,

453.13 kWh/d were generated from an organic load of 8 g/L of COD. in contrast to the same

process at 45 °C which managed an initial organic load of 2 g / L of COD, reaching a production

of 439.88 kWh/d.
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Conclusions

The environmental impact categories with higher contributions were GW, ADFF and WS.

However, the environmental impacts can be reduced by increasing the energy efficiency of

the industrial process, minimizing losses and consumption, as well including the use of

output streams. Therefore, under a biorefinery scheme, it is possible to reduce the

limitations of real-scale bio-hydrogen production through the implementation of

technologies that integrate the process and allow the generation of high value-added

products.
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