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What are volatile fatty acids (VFAs)? m
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VFAs, also know as carboxylic acids, are short-chain fatty acids containing two to six carbon.
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What is the market price of VFAs?
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VFAs Price (USD/t)
Acetic acid 500-800
Propionic acid 1300-3500
Butyric acid 1600-5000
Valeric acid 4000-7200
Caproic acid 3000-5200

(Adapted from Sukphun et al., 2021)
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Why are VFAs important?

Industrial
applications
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By 2031, the global carboxylic acid market is expected to geperate a revenue
23.06.22 of USD 26.7 billion.



How are VFAs produced? GHENT
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1. Chemical route

Acetic acid

Eg.: Methanol carbonylation process
Propionic acid

Eg.: Reppe’s process
Butyric acid

Eg.: Oxidation of butyraldehyde

Currently, almost 90% of VFAs are derived from petroleum-based routes.
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How are VFAs produced?

2. Biological route - Anaerobic fermentation

Organic waste
(macromolecules)

l

> Monosaccharides
> Amino acids
> Long-chain fatty acids

Hydrolysis
reaction
(C6H1005)n + n H20 (1 n

C6H1206 + n H2

1. Hydrolysis

Disintegration and solubilization of organic
wastes

29.06.22 (Adapted from Agnihotri et al. 2022)
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Extraction of products

> VFAs — Acetic, propionic, butyric

S

acid, eftc.
> Alcohols
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Acidogenesis
reaction

C6H1206 | 2 CH3CH20H + 2 CO2
C6H1206 +2 H2 | 2 CH3CH2COOH +
2H20

C6H1206 ' 3 CH3COOH

Acetogenesis
reaction_

CH3CH2COO- + 3 H20 || CH3COO- +
H+HCO3- + 3 H2

C6H1206 + 2 H20 ' 2 CH3COOH + 2 CO2 +

4 H2

CH3CH20H + 2 H20 ' CH3COO- + 3 H2 +
% Acidogenesis, acetogenesis

Accumulation and recovery of VFAs
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- Biogas (CH4, CO2)

Methanogenesis

reaction
CH3COOH [1 CH4 + CO2
CO2+4H21 CH4 +2H20
2 CH3CH20H + CO2 (| CH4 + 2
CH3COOH

3. Methanogenesis

Prevention of VFAs consumption

6

Working at pH: below 6 or above 8
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Challenges in bio-based VFAs production GHENT
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Component Concentration (g/L)
Acetic acid 2.5-10
Presence of mixture of acids. Propionic acid 2210
L. . . . Butyric acid 25-10
Individual acids have higher value than the mixture. Lactic acid 2510
Acids are in low concentration (1-2 wt%). Sodium (Na*) 1-5
High water solubility. EETHSEUETJ 11'150
. . . arige ) -
The fermentation broth contains solids, salts, trace elements, Phosphate (HzPO+/ HPOE] 1-10
and other impurities. Sulfate (5047] 1-10
The cost of VFAs recovery accounts for nearly 50-60% of acid Sulfide (5%) 03
d . Magnesium (Mg 0.3
production cost. Calcium (Ca) 03
Ammonium [NHs*) 0.1
Trace elements (eg. Cobalt (Ca), nickel (Ni) and iron (Fe) 104
Inert COD {eg. Humic acid and fulvic acid) 1
Microbes
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Composition of fermented wastewater
(Adapted from Reyhanitash et al., 2017)



Potential of the evaporation process for VFAs recovery GHENT
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p— -,

—————

""""""

4 1 K N
’ N
‘ .. . .. K c \
g ) Pretreated Fermentation broth Liquid fraction containing VFA§ =] \
O'=Q* " OFMSW OFMSW - > ® |
& 54 N — |‘ g- i
\ o 1
& 8 Pretreatment  -,° \ 2 /
), & . . : /s’
= Anaerobic Ry e
fermentation Solid-liquid separation IR .
I
|
S g ‘
b g .
8 T *
£ : VFAs
‘§ I
]
- T~ ~
e I N,
/ - N
4 ! \
Biogas \
—_— |
Digestate " \ Boiler l
agm *- ,
\ /7
N, R
Anaerobic
Digestion

OFMSW - Organic fraction of municipal solid waste
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VFAs upconcentration in a single-effect evaporator GHENT
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H, M1 and M2 — mixer units
o CC — reactor
Boiler, HR, and E1 — heat exchangers
F1 — Flash separators
CNI1 and CN2 - coolers
PM — pump

FEED - Liquid fraction containing VFAs
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VFAs upconcentration in a multiple-effect evaporator GHENT
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Results — Overall mass balance GHENT
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_______________

Total biogas
B =29,17 Nm?/h
CH,=15,52 Nm3/h
O, = 11,68 Nm3/h
H,0 = 1,45 Nm3/h
H, =0,51 Nm?/h

Biogas
B, = 6,48 Nm?/h
CH, = 0,77 Nm/h

CO, = 4,86 Nm3/h
H,0 = 0,32 Nmé/h

v

H,=0,51Nm¥%h oA 65 029%
ﬂ’ VS = 12,10 kg/h . . '
e/ Solid fraction >
S =287,25 kg/h
TS = 59,08 kg/h
OFMSW VS =51,94 kg/h
F = 1000 kg/h E= gj;f;u;n:g Ih tVFA = 3,77 kg/h Biogas
_ =39, B, = 22,68 Nm?/h
TS =75 kg/h tVFA = 15,35 kg/h S/ C_AD O o =147 Nﬁf/h
VS = 66,75 kg/h TS = 62,60 kg/h — ’ . ——»CHy= 1474 Nm 34,07%
VS = 54,65 kg/h araron | €O, = 6,80 Nm'/h -
= 54,65 kg <t H,0 = 1,13 Nm3/h
H,0: 724,32 kg/h p VS = 46,25 kg/h
 — Tt T T T T s s 1 o
1 ! )
' Liquid fraction | ﬁ .
OFMSW ' L=70326kg/h | 5 Digestate Biogas VFAs VFAs + biogas
F = 275,76kg/h | Ts=351kg/h = D = 998,26 kg/h potential potential
T5=75kg/h ' Vs=2,70kg/h | TS=11,64 kg/h P
VS = 66,75 kg/h ' tVFA = 11,57 kg/h | VS = 5,60 kg/h Carbon distribution
1 1
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Conclusion and future outlook GHENT
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\4

The evaporation process shows a great opportunity for VFAs upconcentration by utilizing biogas energy.

\4

An increase in the concentration of acids from 16 g/L to 180 g/L was achieved.

0 Develop a process modelling in Aspen plus by integrating a combined heat and power (CHP) unit with the evaporation
process.

0 Compare different evaporation systems like single-effect and multiple-effect evaporation, and perform an energy
optimization to achieve an economic VFAs upconcentration.
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Thank you

@ Srija.Balachandran@UGent.be
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