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Introduction

"=y

= R
= f?? o

* Fossil fuels world demand and ESSg
reserves depletion. B\

* Bio-hydrogen production lies in the
consumption of residual biomass

[1].

* Global warming due to the
emissions of CO,, CH,, and N O.




Introduction

 Colombia has a high potential for the generation
of biomass to energy pathways.

e Agricultural sector generates approximately 7,5
million tons of organic residues [2].

 Cocoa and coffee are the primary crops in the
country and the ones with higher export
incomes.

https://www.asorenovables.com/energia-de-la-biomasa/



Materials
and Methods

Residual biomass from Santander
and Cundinamarca regions were
used

Pig manure
Cocoa mucilage
Coffee mucilage

Inoculum pre-tratement
thermal shock of anaerobic
sludge.




Experimental
design
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 The initial organic load and
the C/N ratio were adjusted
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Table 1 Experimental design

. . RS CFM:CCM Organic
combinati (gcop cFM:gcoD load C/N
CCM) (g COD/L)
1 3:1 2 35
2 1:3 2 35
3 3:1 8 35
4 1:3 8 35
5 3:1 5 25
6 1:3 5 25
7 3:1 5 45
8 1:3 5 45
9 2:2 2 25
10 2:2 8 25
11 2:2 2 45
12 2:2 8 45
13 2:2 5 35




Results and discussion

Table 2 Characterization of the residual biomass used in the study

Substrates
PM CCM CFM Inoculum

Moisture % 77,08£0,7  80,72+0,8 972+0,4  94.4
NTK % 2,10 0,58 0,31

Organic matter %0 71 79.6 97 96,6
N % 2,07 0,21 0,06
COD g/l 23.87 10,50 21,75
Proteins % 22 4 6.5
Carbohydrates % 2.9 60,37 85.95

* The analyses were performed on a wet basis



Results and discussion
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Fig. 1 Cumulative production of each of the combinations given in ml of H,
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Organic load of
8 gCOD/l, RS
CFM: CCM of 2
and a C/N ratio
of 45.
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Box-Behnken combinations

Combination 12 reported the
highest production with 155,3
ml H,/d, showing a direct
relationship between the
production and the substrates
concentrations [3].



Effluent characterization
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Fig. 2 Relationship between alkalinity and VFA production for each of the 13
mixtures

The alkalinity is a
desired effect between
the reactors since it is
an indicator of the
buffer effect that the
mixture possesses.



Effluent characterization

* The relationship
between pH and
alkalinity is  directly
proportional. They affect
the production of VFA
and the consumption of
hydrogen [4].

—e— 2 g COD/L 5 g COD/L —&— 8 g COD/L

Alkalinity ratio
3

*In Fig. 3 where it is
observed how pH and
alkalinity have similar
behavior.

5.66 6.38 6.67 6.75

Fig. 3 pH vs. alkalinity ratio



Statistical analysis

Pareto analysis:
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Fig. 4 Effects of the independent variables on the BHP



Box-

Behnken
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mlH, = 374,5 — 8,48229 « RS CFM:CCM +
143,185 * [ ] + 11,5052 * C/N +

17,6281 * RS CFM: CCM?* —137,371 *

RS CFM:CCM = [ | + 66,4063 *

RS CFM:CCM + C/N — 68,5073 « [ 1% +
88,2917 * [ ] * C/N + 202,716 * C/N?

The equation that was obtained
presents a correlation coefficient
capable of explaining 75%

MARS

Wsingthb & NSBIbeb Rgsawigression:

ml H,

= —483,059 — 25,9812x,x,

— 170,278xyx, — 1,42628x7x7Xx1X

+ 40,1349xyx0x; — 0,0523742x,x7x1%
+ 30,5188x,x; — 0,551239x,x,x4

— 0,0523742x,x9x1x1 — 11,6596x,x7x,
— 0,12025x,x5x0x1 X1

— 0,00351634x,x,x,X0X1 X4

+ 0,00479633x7x5X,Xx5X1

+ 7,8091275x, X1 XXX X0 X1 X1

The model equation has a
correlation coefficient of 76%
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Conclusions

* The maximum hydrogen production achieved was 155.33 ml
H,/d when the organic loading rate was 8 gCOD/I, the RS

CFM:CCM of 2:2 and C/N ratio was 45 in the combination 12.

* In general, the mixtures with organic loads between 5 - 8
gCOD/I reported higher production.

* Regarding the C/N ratio, it was found that the best hydrogen
productions are achieved with the lower and higher value (25
and 45).

 On behalf of RS CFM:CCM, the conclusion is that mixtures with
more content of CCM produce more quantity of hydrogen
thanks to the higher content of carbohydrates of this substrate.



Conclusions

* The lower influence of the RS CFM: CCM variable that was
presented in the Pareto chart helps the scale up of the process,
because the hydrogen production will be similar despite the
mucilage used.

* The removal of COD of 37% allows suggesting secondary
processes associated with biorefinery schemes, which allows
higher removals of COD and the obtention of other value-added
sub-products such as VFA.
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