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S1. Growth Medium Composition 

The following stock solutions were used for the preparation of the BA: Solution A contained 

NH4Cl-100 g∙l-1, NaCl-10 g∙l-1, MgCl2∙6H2O-10 g∙l-1 and CaCl2∙2H2O-5 g∙l-1; Solution B 

contained KH2PO4-17.7 g∙l-1; Solution C contained K2HPO4-151.6 g∙l-1; Solution D contained 

NaHCO3-52 g∙l-1; Trace Metal Solution (TMS) contained FeCl2∙4H2O-2 g∙l-1, H3BO3-0.05 g∙l-1, 

ZnCl2-0.05 g∙l-1, CuCl2-0.03 g∙l-1, MnCl2∙4H2O-0.05 g∙l-1, (NH4)6Mo7O24∙5H2O-0.05 g∙l-1, AlCl3-

0.05 g∙l-1, Na2SeO3∙5H2O-0.1 g∙l-1 and Na2WO4∙2H2O-0.06 g∙l-1; Solution E contained 

nitrilotriacetic acid (NTA)-1 g∙l-1; Vitamin Solution (VS) contained vitamins B7-2 mg∙l-1, B6-10 

mg∙l-1, B2-5 mg∙l-1, B1-5 mg∙l-1, B12-0.1 mg∙l-1, folic acid-2 mg∙l-1, nicotinic acid-5 mg∙l-1, P-

aminobenzoic acid-5 mg∙l-1, thiotic acid-5 mg∙l-1 and DL-pantothenic acid-5 mg∙l-1; and Solution 

F contained Na2S-25 mg∙l-1. Solution F was prepared anaerobically in an anaerobically sealed 

serum vial by adding Na2S to distilled H2O after flushing for 20 min with N2 to remove 

solubilized O2.  

The volumes of each stock solution per liter of medium were: A-10 ml, B-100 ml, C-100 ml, D-

50 ml, TMS-4 ml, E-15 ml, VS-40 ml and F-40 ml. The stock solutions were added in 641 ml of 

distilled H2O. Solution F was added with a syringe after flushing the rest mixture with N2 for 20 

min and sealing it anaerobically with a butyl rubber stopper. 

 

 

 

 

 

 



S2. Trickle Bed Reactor Configuration (see figure 1 in the main 

paper) 

Syngas (45% H2, 25% CO2, 20% CO and 10% N2) and high purity H2 (>99.99%) were supplied 

from two different gas cylinders (AGA Industrielle gasser; 1, 18) to the trickle bed column (4). 

The flow of each gas was regulated with a mass flow controller (Bronkhorst; 3, 20) through the 

LabVIEW PC software (NATIONAL INSTRUMENTS) and the available flow range was 

between 0 and 10 ml∙min-1 with a 0.1 ml∙min-1 increment. The volume of the packed bed was 

180 ml with a height/diameter ratio of 4.18 and contained polypropylene/polyethylene packing 

material (BioFLO 9 – Smoky Mountain Biomedia, USA) with a density of 1 g∙cm-3 and a surface 

area of 800 m2∙m-3. Developed biofilm on the packing material converted the supplied gas 

mixture to biomethane as it flowed downwards through the trickle bed column. The produced 

biomethane entered the headspace of a liquid reservoir (5) and, afterwards, it exited the reactor 

flowing through a gas sampling port (8), a foam trap (9) and a gas flowmeter (Ritter; 10). The 

trickle bed column and the liquid reservoir were made of borosilicate glass and had a double wall 

that allowed for temperature control. Water was pumped at a high speed from a water bath with 

internal sensor (Julabo) to the outer walls of the trickle bed column and the liquid reservoir 

securing a stable temperature in the reactor.  

The liquid broth was continuously recirculated from the reservoir to the trickle bed column with 

a peristaltic pump (Watson Marlow; 7) at a constant flow rate of 200 ml∙min-1. Homogenous 

mixing of the liquid broth in the reservoir was achieved with a magnetic stirrer (IKA, 17) 

operated at 200 rpm and liquid samples were obtained from a liquid sampling port (6). The 

direction of the liquid flow was co-current to the gas flow (top-to-bottom). Moreover, fresh 



medium was introduced in the recirculation line with a peristaltic pump (Cole Parmer, 14) from 

an anaerobically sealed vessel (13) at an HRT of 8 days. A compressible gas bag (12) filled with 

N2 was connected with the headspace of the vessel (13) so as to prevent O2 entrance to the vessel 

and avoid vacuum creation as the medium was pumped out of it. Liquid effluent was removed 

from the unit with the use of a peristaltic pump (Cole Parmer, 15) operating always at the same 

speed with pump 14 so as to preserve a constant liquid volume of 220 ml in the reactor and a 

constant HRT of 8 d. 

 

S3. Calculations 

The volume specific molar productivity of CH4 (𝑄𝐶𝐻4
) was calculated as the mmol of CH4 

produced per liter of bed volume per unit of time [mmol∙lbed
-1∙h-1] by multiplying the 

concentration of CH4 [mmol∙ml-1] in the gas sampling port with the volume specific total gas 

outflow rate [ml∙lbed
-1∙h-1]. The conversion of the amount of the gas compounds from liters to 

moles was performed with the ideal gas law at 1 atm and 298.15 K. Moreover, the conversion 

efficiencies of CO, CO2 and H2 were calculated as 𝑅𝑖 =
𝑄𝑖

𝑖𝑛−𝑄𝑖
𝑜𝑢𝑡

𝑄𝑖
𝑖𝑛 100%, where Q is the volume 

specific flow rate of each compound i. CO2 and H2 can, in principle, be consumed and produced 

in the system and, therefore, RCO2 and RH2 are allowed to take negative values. However, this 

was not the case in any of our experiments. Furthermore, the electron recovery or electron yield 

is represented in this study with “𝑌𝑗” and refers to the percentage of the released electron moles 

from the consumption of the electron donors (CO and H2) that were fixed to each product j (j: 

CH4, VFAs and Unidentified sinks that correspond primarily to cell biomass and incidentally to 

potential undetected byproducts). The calculation of “𝑌𝑗” is thoroughly explained in a previous 



study [1]. All the detected VFAs were summed together to facilitate the presentation of the 

results. The HRT [d] was calculated as the total liquid volume in the reactor [220 ml] divided by 

the liquid medium outflow rate [27.5 ml∙d-1]. Finally, the empty bed residence time (EBRT) [h] 

is the quotient of the division of the volume of the bed [180 ml] by the total gas inflow rate 

[ml∙h-1]. The results presented in this study are under steady state operation and a steady state 

was considered when the gas effluent composition did not change more than 1% for every 

individual gas compound for three consecutive days. 

S4. Syngas Quality Index 

The index is a ratio of the moles of electron donors per moles of carbon donors in syngas. The 

only electron donors in syngas are CO and H2 and the oxidation of 1 mole of each of these 

compounds releases 2 moles of electrons.  

H2 → 2H+ + 2e-  

CO + H2O  → CO2 + 2H+ + 2e- 

The only carbon donors in syngas are CO and CO2 and 1 mole of each of them contains 1 carbon 

mole. 

Below it is presented how this index can be useful when syngas is used as a substrate for the 

production of three different biochemicals (methane, acetic acid and ethanol). 

The oxidation of 1 mole of CH4 releases 8 moles of electrons and each mole of CH4 contains 1 

carbon mole. 

CH4 + H2O  → CO2 + 8H+ + 8e- 



The perfect stoichiometric conversion of CO, H2 and CO2 to CH4 independent of the followed 

biological pathways demands a carbon and electron balance between the substrate and the 

product. Therefore: 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛
𝑠𝑦𝑛𝑔𝑎𝑠

=
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛
𝑚𝑒𝑡ℎ𝑎𝑛𝑒

⇔
2𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐻2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂)

1𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂)
=

8𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐶𝐻4)

1𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝐻4)

⇔
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐻2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂
= 4         (𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1) 

This means that when the ratio of the moles of electron donors per moles of carbon donors in 

syngas is 4, complete stoichiometric conversion of the syngas components to CH4 is possible. 

Values above 4 indicate an electron-moles surplus and values below 4 indicate a carbon-moles 

surplus.  

Following the same procedure for acetic acid: 

The oxidation of 1 mole of acetic acid releases 8 moles of electrons and each mole of acetic acid 

contains 2 carbon moles. 

CH3COOH + 2H2O  → 2CO2 + 8H+ + 8e- 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛
𝑠𝑦𝑛𝑔𝑎𝑠

=
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛
𝑎𝑐𝑒𝑡𝑖𝑐 𝑎𝑐𝑖𝑑

⇔
2𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐻2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂)

1𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂)
=

8𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝐻3𝐶𝑂𝑂𝐻)

2𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝐻3𝐶𝑂𝑂𝐻)

⇔
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐻2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂
= 2        (𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2) 



This means that when the ratio of the moles of electron donors per moles of carbon donors in 

syngas is 2, complete stoichiometric conversion of the syngas components to acetic acid is 

possible. Values above 2 indicate an electron-moles surplus and values below 2 indicate a 

carbon-moles surplus.  

Following the same process for ethanol: 

The oxidation of 1 mole of ethanol releases 12 moles of electrons and each mole of ethanol 

contains 2 carbon moles. 

CH3CH2OH + 3H2O  → 2CO2 + 12H+ + 12e- 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛
𝑠𝑦𝑛𝑔𝑎𝑠

=
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛
𝑒𝑡ℎ𝑎𝑛𝑜𝑙

⇔
2𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐻2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂)

1𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂)
=

12𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝐻3𝐶𝐻2𝑂𝐻)

2𝑥 (𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝐻3𝐶𝐻2𝑂𝐻)

⇔
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐻2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂
= 3        (𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3) 

This means that when the ratio of the moles of electron donors per moles of carbon donors in 

syngas is 3, complete stoichiometric conversion of the syngas components to ethanol is possible. 

Values above 3 indicate an electron-moles surplus and values below 3 indicate a carbon-moles 

surplus.  

The left-hand side of equations 1,2 and 3 was named as Syngas Quality Index (SQI), which 

corresponds to the ration of the moles of electron donors to the moles of carbon donors in 

syngas. 



In this work, an external partner with expertise in gasification technologies informed us that the 

outlet from a fluidized bed steam gasifier fed with woody biomass contains a syngas molar 

composition of 45% H2, 20% CO, 25 CO2 and 10% CH4. 

𝑆𝑄𝐼 =  
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓𝐻2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂2  +  𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝑂
=

0.45 +  0.20

0.25 +  0.2
=

0.65

0.45
= 1.44 

Therefore, since the SQI is well below 4, this specific syngas composition has a high 

stoichiometric carbon-moles surplus when the targeted product is CH4. In practice, it means that 

if the microbes in the trickle bed reactor were able to fully convert this syngas composition to 

CH4, assuming no losses to byproducts and cell growth and maintenance, the produced gas in the 

outlet of the reactor would contain a big amount of unconverted carbon in the form of CO2.  
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