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Introduction :

With the increasing global environmental awareness, anaerobic digestion has emerged as one of
the most effective methods for the treatment and management of waste, particularly effluents from
food processing industries such as dairies. These industries generate hundreds of millions of
kilograms of milk and milk products each year, producing significant quantities of whey, with
global production estimated at around 190 billion kilograms per year. Whey is a valuable energy
resource that is still largely underexploited [1]. When processed by anaerobic digestion, it can
produce biogas, a renewable energy source that can be used for heat and electricity. Thanks to its
high organic load expressed as COD (57 to 140 g O,/L), whey offers considerable potential for
bioenergy production [1]-[5]. However, several studies [6],[7] have highlighted an instability of
the anaerobic digestion process of whey, mainly linked to the acidification of the environment,
which leads to the inhibition of the methanogenic flora and can lead to the cessation of
methanization. To overcome this limitation, co-digestion with other substrates or inocula with a
buffering capacity, such as manure, sewage treatment plant (STP) sludge or wastewater, appears
to be a promising alternative. Much research has been devoted to this approach [3], [5]-[13], and
more recently, other studies have reinforced its interest [2], [5], [14], [15]
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Fig. 1: pH, At and VFAs during anaerobic digestion 50W:50DS.

Fig. 2. Cumulative production of biogas and CH4 during anaerobic digestion 50W:50DS.
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Fig. 3. Daily production of CH4 (%) and COz (%) during anaerobic digestion of 50W:50DS.
- Commentaires

- Fig. 1 shows that at the beginning of the anaerobic co-digestion (50:50) at 40 °C, the pH drops
from 7.7 to 5.0 due to the production of VFAs (0.88 g/L) during the acidogenesis phase. This
acidification is stabilized by a high alkalinity (>6 g/L), maintained through the addition of sodium
carbonates to balance the medium.

- Fig. 2 illustrates the cumulative production of biogas and methane during the anaerobic digestion
of a 50W: 50DS mixture. Overall, the optimization of anaerobic codigestion depends not only on
the total amount of biogas produced but more importantly on the specific methane yield, which
reflects the efficiency of the process. The methanogenic yield reached 252.8 L CH,/kg VS. This
result is consistent with those reported in the literature for similar substrates.

- According to Fig. 3, anaerobic co-digestion produces high-quality biogas with methane content
reaching up to 80%, indicating an efficient and well-stabilized digestion process.

Conclusion :

Mesophilic anaerobic digestion of whey, inoculated with digested sludge, was carried out in a 50
L pilot-scale digester. The process was tightly monitored to prevent the accumulation of
potentially inhibitory compounds that could compromise system stability. The results showed a
specific methane yield of 0.25 m3 CH,/kg of volatile solids (VS) added, with a methane content in
the biogas reaching up to 80%, indicating efficient substrate conversion.

Références :

[1] F. Asunis, G. De Gioannis, P. Dessi, M. Isipato, P. N. Lens, A. Muntoni, ... & D.
Spiga, ‘‘The dairy biorefinery: Integrating treatment processes for cheese whey
valorisation”’. Journal of environmental Management, 276, 111240, (2020).

[2] H. Flores-Mejia, A. Lara-Musule, E. Hernandez-Martinez, R. Aguilar-Lopez, & H.
Puebla, ‘‘Indirect Monitoring of Anaerobic Digestion for Cheese Whey
Treatment’’. Processes, 9, 539, (2021).

[3] C. Rico, N. Muiioz & J. L. Rico, ‘“Anaerobic co-digestion of cheese whey and the
screened liquid fraction of dairy manure in a single continuously stirred tank reactor
process: Limits in co-substrate ratios and organic loading rate’’. Bioresource
technology, 189, 327-333, (2015).

Copyright © 2025
ISSN: 2961-6611



3eme Conférence Internationale sur les Sciences Appliquées et I'lnnovation (CISAI-2025)
Proceedings Book Series —PBS- Vol 25, 424-427

[4] H. Escalante, L. Castro, M. P., Amaya, L. Jaimes, & J. Jaimes-Estévez, ‘Anaerobic
digestion of cheese whey: Energetic and nutritional potential for the dairy sector in
developing countries’’. Waste Management, 71, 711-718, (2018).

[5] N. Tirichine, M. Khitous, M. Saber, H. Lounici & R. Bouarab, ‘‘Improved
anaerobic digestion performances of whey in a batch reactor’’. Algerian Journal of

Environmental Science and Technology, 6, 4, (2020).

[6] A. E. Ghaly & D. R. Ramkumar, ‘‘Controlling the pH of acid cheese whey in a two-
stage anaerobic digester with sodium hydroxide’’. Energy Sources, 21, 6, 475-502,
(1999).

[7]1 S. V. Kalyuzhnyi, ‘‘Batch anaerobic digestion of glucose and its mathematical
modeling. II. Description, verification and application of model’’. Bioresource
technology, 59, 249-258, (1997).

[8] J. Gelegenis, D. Georgakakis, I. Angelidaki & V. Mavris, ‘‘Optimization of biogas
production by co-digesting whey with diluted poultry manure’’. Renewable Energy,
32,13, 2147-2160, (2007).

[9] T. H. Ergider, U. Tezel, E. Giiven, & G. N. Demirer, °‘Anaerobic
biotransformation and methane generation potential of cheese whey in batch and
UASB reactors’’. Waste management, 21, 7, 643-650, (2001).

[10] B. Kavacik & B. Topaloglu, ‘‘Biogas production from co-digestion of a mixture of

cheese whey and dairy manure’’. Biomass and bioenergy, vol. 34, no. 9, pp. 1321-
1329, (2010).

[11] E. Comino, M. Rosso, & V. Riggio, ‘‘Development of a pilot scale anaerobic
digester for biogas production from cow manure and whey mix’’. Bioresource
technology, 100, 21, 5072-5078, (2009).

[12] E. Comino, V. A. Riggio, & M. Rosso, ‘‘Biogas production by anaerobic co-
digestion of cattle slurry and cheese whey’’. Bioresource technology, 114, 46-53,
(2012).

[13] L. Bertin, S. Grilli, A. Spagni, & F. Fava, ‘“‘Innovative two-stage anaerobic
process for effective codigestion of cheese whey and cattle manure’’. Bioresource

technology, 128, 779-783, (2013).

[14] J. Antonelli, C.A. Lindino, J. C. R. de Azevedo, S. N. M. de Souza, P. A.
Cremonez, & E. Rossi, ‘‘Biogas production by the anaerobic digestion of whey’’.
Revista de Ciéncias Agrarias, 39, 3, 463-467, (2016).

[15] A. E. Maragkaki, M. Fountoulakis, A. Gypakis, A. Kyriakou, K. Lasaridi & T.
Manios, ‘‘Pilot-scale anaerobic co-digestion of sewage sludge with agro-industrial
by-products for increased biogas production of existing digesters at wastewater
treatment plants’’. Waste management, 59, 362-370, (2017).

Copyright © 2025
ISSN: 2961-6611



