Membrane processes contribute to the sustainability of food processes Efforts are still needed to improve their design and cascade to improve cleaning to improve the models and predictive approaches which could help develop multi-objective optimisation methods for processes
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-Sustainability

  1µm skimmed milk Gésan-Guiziou et al., 1999, 2000 Sustainability strategy n°1 : Minimization of resources by operating process under critical flux concepts • Operating MF 0.1 µm under critical flux • Low and constant fouling and serum protein transmission; less cleaning issues (Ndeye et al, • DATA -Ecoinvent 3.0 -Industrial data, completed with data obtained from experiments performed at the STLO (INRAE) and from use of the drying software SD2P (Schuck et al. 2009) • IMPACT ASSESSMENT : Impact 2002+/ReCiPe + SimaPro 8.0 • BOUNDARIES : Gate-to-Gate; Sub-processes : production, cleaning, equipment, transport Exclusions of facilities (building, lightning, etc…) • RESULTS -Normalized results (percentaged contribution of the different unit operations to the overall impact) -Characterized results (contribution of the individual unit operations to every impact category) • FUNCTIONAL UNIT : whole process (treating 583 m 3 of milk / day) • No allocation Industrial milk protein fractionation process p. 24 FCFP Lille 2022 Production (≈ 60 %) and cleaning (≈ 30 %) phases are the main contributors to the overall environmental impact Examples of Results Industrial milk protein fractionation process C1: Reutilization of the water from the lactose concentration process → reduction of the freshwater consumption but requirement of a polisher C2: Rationalization of the cleaning solutions (less frequent caustic soda CIP renewal, reduction of cleaning time, etc.) → reduced consumption of resources If regarded in detail, the optimization strategies show an improvement for certain categories : ReCiPe: in 12/18 Impacts of 2 novel cleaning strategies Membranes processes Food properties difficult to predict -Lack of knowledge on the impact of decision variables -Scarce use of process simulators evaporation of milk / process simulator  > 50% of the energy consumption of the overall concentration and drying process (Jebson, 1991)  Various options for evaporator design  Highly energy-intensive process: 25% of the total energy used in the dairy industry (Agreste, Use of a Process simulator  to design evaporator  To choose the primary source of energy needed for the steam production Plus -Coupling with optimization algorithms -Integration of data/correlations/ models in the software by users Sustainability strategy n°4 : Multi-objective optimization Case study: evaporation of milk / process simulator Choice of the primary source of energy Case study: evaporation of milk / process simulator Sustainability strategy n°4 : Multi-objective optimization Calculation of utility consumption (water, fuel, etc.), electricity) combustion emissions (carbon dioxide, nitrogen oxides, etc.Case study: microfiltration of milk / knowledge integration  Fractionation of the two major groups of dairy proteins  (cheese manufacture, production of ingredients) . Expert Syst. (2018); Belna et al., 2020 Sustainability strategy n°4 : Multi-objective optimization  Various options for microfiltration design  conflicting objectives p. 36 FCFP Lille 2022 Case study: microfiltration of milk / knowledge integration  Various options for microfiltration design conflicting objectives  No optimization of MF design integrating conflicting objectives  Lack of predictive MF performance models  Fractionation of the two major groups of dairy proteins  (cheese manufacture, production of ingredients) m 3 .h -1 ) ; Q rec1 (m 3 .h -1 ) ; Jp 1 (L.h -1 .m -2 ) ; CD CNr (g.kg -1 DM) ; CD SPp (g.kg -1 DM) ; CI (€) ; CPR (€) m 3 .h -1 ) ; Q rec1 (m 3 .h -1 ) ; Jp 1 (L.h -1 .m -2 ) ; CD CNr (g.kg -1 DM) ; CD SPp (g.kg -1 DM) ; CI (€) ; CPR (€) m 3 .h -1 ) ; Q rec1 (m 3 .h -1 ) ; Jp 1 (L.h -1 .m -2 ) ; CD CNr (g.kg -1 DM) ; CD SPp (g.kg -1 DM) ; CI (€) ; CPR (€) Strategies of sustainability adapted to food processing have emerged for < 20 years  Different levels of strategies are possible Holistic multi-objective optimization methods are relevant and can be used to improve the design of food process taking into account sustainability criteria

  

  

  

  

  

  

of sustainability n°1: Minimization of resources by reuse / recycling Reuse

  /Recycling  Treatment of fluids by membrane processes to meet the quality requirements

• Regeneration of chemicals (and minimization of water consumption): recycling of caustic soda solutions after filtration (MF, UF)  Reduction of cleaning solutions withdrawal to the WWTP ( Improvment of the quality of the final product (Lower surface tension of recycled contaminated caustic soda solutions / initial solutions)) Level p. 18 FCFP Lille

2022 Sustainability strategy n°1 : Minimization of resources by operating process under critical flux concepts

  

	The critical flux
	concept : flux below
	which fouling /
	deposition is
	negligibe and above
	which fouling/
	deposition occurs.

p. 19

FCFP Lille 2022