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Objective

To develop a framework for eco-designing food processes using multicriteria assessment → process flowsheeting-multicriteria decision-making framework

To demonstrate its potentiality when applied to milk evaporation process

Case study: evaporation process applied to milk ❑ > 50% of the energy consumption of the overall concentration and drying process Modelling of an industrial evaporator and a milk platform using Aspen Plus Milk = a mixture of 5 conventional components: cow water, milk fat, proteins, carbohydrates (mostly lactose), and ash (minerals). Step 1

Multi-objective optimisation

Choice of a solution

Decision-making

Step 2

M-TOPSIS

Technique for Order of Preference by Similarity to Ideal Solution 

Ecodesign framework applied to an evaporato

Choice of primary energy source by multicriteria assessment (case study # 2)

Natural gas, heavy fuel oil, wood chips 37 37

Choice of primary energy source by multicriteria assessment (case study # 2)

• Selection of a fuel that would provide energy for the reference evaporation plant.

• Finding the best compromise between cost and environmental impact from among Natural gas vs Heavy fuel oil vs Wood chips with and without carbon neutrality.

Economic feasibility? Environnemental impact?

Ecodesign for food manufacturing 200% in the case of ReCiPe), which highlights the influence of assessment method on the calculated environmental impact and consequently on the decision-making process. The ranking of the four alternatives is therefore strongly available in the literature. The Aspen Plus process simulator, which has conventionally been used for modeling and simulation of chemical and petrochemical processes, was adapted here by integrating models of milk properties (heat capacity, boiling delay, thermal conductivity, density, viscosity, surface tension) and product-side exchange coefficient models. The work on selecting the milk properties model highlighted the need for property modeling research, as an extensive literature search could not find a full set of property models suitable for milk in the temperature and concentration ranges used in evaporation processes. The inventory calculation tools developed have been embedded into our core methodological framework, which includes a modeling tool for energy production plant simulation,

• Development of a methodology for the ecodesign of an food transformation process in order to promote the implementation of ecodesign principles in food industries.

• Combination of systemic analysis, modeling, multiobjective optimization, and multicriteria decision making tools initially developed for processes in the chemical industry sector.

• Selection of skim milk evaporation process as the target application : one of the most energy-intensive processes in the dairy sector offering multiple design solutions with high potential for optimization.

• Demonstration of the potentialities of the framework with two ecodesign case-studies -Three evaporator design solutions : value of economic and environmental analysis tools, need for design tools adapted to the evaporation process -Comparison of different fuels for the production of process energy using multicriteria analysis methods 

••

  Reuse / redistribution of the flows based on specific methods (Pinch, exergy analysis) • Modifications to operating conditions (temperature, …) → Reduction of costs (driver = economy) Reuse / redistribution of the flows based on specific methods (Pinch, exergy analysis) • Modifications to operating conditions (temperature, …) → Reduction of costs (driver = economy) • Single action on water or energy consumptions • Does not consider changes to the food product • Does not allow search for a global optimum • Low potential of innovation, but significant economic and environmental benefits Ecodesign strategy n°1: Minimization of material flows • Simple and readily implementable • Easy when product is not affected (constant Functional Unit) • Identification of « hot spots » • Comparison of scenarios and technologies or? Comparative assessment of processes • Simple and readily implementable • Easy when product is not affected (constant Functional Unit) • Identification of « hot spots » • Comparison of scenarios and technologies • Hugely complex when product (and Functional Unit) is affected • Incomplete data • Does not offer solutions for improvement • Does not allow search for a global optimum

•

  Lack of process models • Scarse use of computer-aided process engineering toolsProcess flowsheeting simulators in Chemical &Petroleum IndustriesSteffens et al., 1999; Azapagic et al., 2011; Ouattara et al.

❑Ecodesign

  Various options for falling film evaporator design ❑ No holistic approach for the design of evaporator ❑ Dairy industry = key sector in the EU food sector ❑ Highly energy-intensive process: 25% of the total energy used in the dairy industry (Agreste, 2011) 13 Milk ❑ Low fouling of the evaporator (/whey) ❑ Experimental and industrial data available for the process and operating conditions of the industrial evaporator of reference for this study (F: effect; RF:preheater; S: separator) us As pe n Te ch . In c. AR IA N E TM Pr os im SA SI M A PR O (P ré -c on su lta nt ) Ec oI nv en t da ta ba se M ul tig en (G om ez et al ., 20 10 ) Ne t Pr es en t va lu e Pa yba ck tim e In te rn al ra te of re tu rn M -T O PS IS ❶ Case study #1 Evaporator design ❷ Case study #2 Choice of primary energy source Ecodesign framework applied to an evaporato 16 us As pe n Te ch . In c. AR IA N E TM Pr os im SA SI M A PR O (P ré -c on su lta nt ) Ec oI nv en t da ta ba se M ul tig en (G om ez et al ., 20 10 ) Ne t Pr es en t va lu e Pa yba ck tim e In te rn al ra te of re tu rn M -T O PS IS ❶ Case study #1 Evaporator design ❷ Case study #2 Choice of primary energy source Ecodesign framework applied to an evaporato 18 18

Ecodesign

  Pre-heaters and pasteurizer: Heater blocks; Two-pass multiple-effect evaporator: HeatX blocks User routine for falling-film tubular evaporator modelling and heat transfer coefficient model proposed by Bouman et al. (1993) As pe n Pl us As pe n Te ch . In c. AR IA N E TM Pr os im SA SI M A PR O (P ré -c on su lta nt ) Ec oI nv en t da ta ba se M ul tig en (G om ez et al ., 20 10 ) Ne t Pr es en t va lu e Pa yba ck tim e In te rn al ra te of re tu rn M -T O PS IS ❶ Case study #1 Evaporator design ❷ Case study #2 Choice of primary energy source Ecodesign framework applied to an evaporato 19 Ecodesign framework applied to an evaporator 20 20 20 Computation of inventories from energy generation plants Computation of the energy production inventories using a purpose-dedicated simulator (ARIANE™, PROESIS S.A) → utility consumption (water, fuel, electricity, etc.) → combustion emissions (carbon dioxide, nitrogen oxides, etc.) ARIANE™ 1. specifying each unit of energy-producing equipment (e.g. a boiler or cogeneration turbine) with its specific operating parameters (thermal efficiency, pressure, etc.) 2. interoperability between ARIANE™ and other software tools PROESIS Steam power plant as a single-fuel boiler in ARIANE™. Modelling of wood pellets in ARIANE™ as a representative fuel for biomass use pe n Pl us As pe n Te ch . In c. AR IA N E TM Pr os im SA SI M A PR O (P ré -c on su lta nt ) Ec oI nv en t da ta ba se M ul tig en (G om ez et al ., 20 10 ) Ne t Pr es en t va lu e Pa yba ck tim e In te rn al ra te of re tu rn M -T O PS IS ❶ Case study #1 Evaporator design ❷ Case study #2 Choice of primary energy source Ecodesign framework applied to an evaporato 21 pe n Pl us As pe n Te ch . In c. AR IA N E TM Pr os im SA SI M A PR O (P ré -c on su lta nt ) Ec oI nv en t da ta ba se M ul tig en (G om ez et al ., 20 10 ) Ne t Pr es en t va lu e Pa yba ck tim e In te rn al ra te of re tu rn M -T O PS IS ❶ Case study #1 Evaporator design ❷ Case study #2 Choice of primary energy source Ecodesign framework applied to an evaporato us As pe n Te ch . In c. AR IA N E TM Pr os im SA SI M A PR O (P ré -c on su lta nt ) Ec oI nv en t da ta ba se M ul tig en (G om ez et al ., 20 10 ) Ne t Pr es en t va lu e Pa yba ck tim e In te rn al ra te of re tu rn M -T O PS IS ❶ Case study #1 Evaporator design ❷ Case study #2 Choice of primary energy source Ecodesign framework applied to an evaporato us As pe n Te ch . In c. AR IA N E TM Pr os im SA SI M A PR O (P ré -c on su lta nt ) Ec oI nv en t da ta ba se M ul tig en (G om ez et al ., 20 10 ) Ne t Pr es en t va lu e Pa yba ck tim e In te rn al ra te of re tu rn M -T O PS IS ❶ Case study #1 Evaporator design ❷ Case study #2 Choice of primary energy sourceEcodesign framework applied to an evaporato

-

  chooses the alternative with both the closest distance from the positive ideal solution and the farthest distance f rom the negative ideal solution. 30 Case study 1 : Design of evaporator (number of effects) by coupling modelling and simulation -Case study 2 : Choice of primary energy source by multicriteria assessment us As pe n Te ch . In c. AR IA N E TM Pr os im SA SI M A PR O (P ré -c on su lta nt ) Ec oI nv en t da ta ba se M ul tig en (G om ez et al ., 20 10 ) Ne t Pr es en t va lu e Pa yba ck tim e In te rn al ra te of re tu rn M -T O PS IS ❶ Case study #1 Evaporator design ❷ Case study #2 Choice of primary energy source Design of a milk evaporator by coupling modelling and simulation (case study # us As pe n Te ch . In c. AR IA N E TM Pr os im SA SI M A PR O (P ré -c on su lta nt ) Ec oI nv en t da ta ba se M ul tig en (G om ez et al ., 20 10 ) Ne t Pr es en t va lu e Pa yba ck tim e In te rn al ra te of re tu rn M -T O PS IS ❶ Case study #1 Evaporator design ❷ Case study #2 Choice of primary energy source

Figure 13 :

 13 Figure 13: Damage scores in endpoint categories for different fuels according to Impact 2002+ .

•

  Further development: extension of the ecodesign approach to food processes -Modelling of product properties, i.e. coefficient exchanges in the case of evaporation -Integrating new evaporator design (e.g.mechanical vapor recompression) -Integration of product quality criteria -Extension to cleaning • Extension of system boundaries -Addition of the drying step in the simulation -Integration of impacts of milk at farm gate and transportation 41 Conclusions and perspectives Drying step model SD2P® software -Schuck et al., 2009

  

  

  

  

  

Table 6
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	Data for fuel selection	
		Process data
	Evaporation process	Industrial evaporator with condenser, pasteurizer and preheaters
	Processed milk flow	20 t.h -1
	Cleaning sequence	Reference sequence
	Energy production	Vapor production at 6.7 bar
		Design variables
	Primary energy source	Natural gas, Heavy fuel, Wood chips
		Observational variables
	Energy production cost	• Boiler capital cost

X ,S O 2 . . . ) as a function of fuel Assessment crit eria Economic Net Present Value, Payback time, Internal rate of ret urn Environmental Climate change, Fossil fuel consumption

  Figure 14: Damage scores in endpoint categories for different fuels according to ReCiPe.

	Economic and environmental impacts (case study # 2) TOPSIS classifications according to different combinations of
	criteria (case study # 2)			
	Table 8				
	TOPSIS classifications according to different combinations of criteria		
			Fuel		
		Natural gas	Heavy fuel	Wood chips	Wood chips-
					carbon neutral
	Three economic	2	3	4	1
	criteria, climate				
	change, resources				
	(Impact 2002+ )				
	Three economic	1	2	4	3
	criteria, single score				
	(ReCiPe)				
	Net Present Value,	2	3	4	1
	single score (Impact				
	2002+ )				
	Net Present Value,	1	3	4	2
	single score (ReCiPe)				
					39 39

Damage scores in endpoint categories for different fuels according to Impact 2002+