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Background

The MIRACLES project aims at developing integrated, multi-
product biorefinery technologies for the production of
specialties from microalgae for application in food, aquaculture
and non-food products. We suggest to advance LCA results and
the chain performance of algae biorefineries by using conceptual
process simulation models. Such models allow analysing how
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Conceptual process models

We develop conceptual process models for both
conventional algae process technologies and for each
technology evaluated in the project. The simulation models for
each process unit are based on mass and energy balances. These
are connected to simulate the performance of a processing chain.
Experimental data are translated to larger scale production by

choices in the design affect the chain performance [1-3].

Preliminary chain analysis

engineering scaling rules.

Three benchmark value chain scenarios were quantitatively evaluated, to give a preliminary evaluation of the value chains, and to
indicate bottlenecks in knowledge and performance at an early stage of the project. Results are shown below, for Isochrysis galbana.

Scenario 1 - Conventional technologies - Main products: Non-polar lipids, soluble proteins, soluble sugars

Concentrated algae: 18865.0 kg Solids fraction: 13025.5 kg

Disrupted algae: 18865.0 kg Dried algae: 13025.5 kg

Algae solution: 19250.0 kg

Hexane extraction

Tubular PBR Centrifugati \ i c Dryer

‘ Solution: 5839.5 kg

Wasted algae biomass: 385.0 kg (2.0 %)

PH shift Pressure filtration

Soluble sugars with some proteins: 2536.5 kg (13.2 %)

Solution: 5839.5 kg  Solids fraction: 3303.0 kg

Relative energy consumption
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Non-polar lipids: 3174.5 kg (16.5 %)
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Exhausted algae pulp: 9851.0 kg (51.2 %)
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Soluble proteins: 2637.4 kg (13.7 %)

PH shift

\\Other cell materials: 665.6 kg (3.5 %) 00'»"’

Scenario 2 - Innovative technology for 4 stage extraction - Main products: 4 extraction mixes rich in pigments & various lipids

Algae solution: 19250.0 kg

Cenlrifugabn‘

Concentrated algae: 18865.0 kg

Dried algae: 18865.0 kg

Tubular PBR Dryer Extraction train

Wasted algae biomass: 385.0 kg (2.0 %)

Remainder: 13873.3 kg (72.1 %) & & & o«
o

Relative energy consumption

100.00%
= Electricity ® Heat
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Extraction mix 1: 835.7 kg (4.3 %)
Extraction mix 2: 2037.4 kg (10.6 %)
Extraction mix 3: 905.5 kg (4.7 %)
Extraction mix 4: 835.7 kg (4.3 %)
Flush product: 377.3 kg (2.0 %)
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Scenario 3 - Innovative technology for protein and sugar separation - Main products: soluble proteins, sugars

Solution of disrupted algae: 5595.8 kg
Disrupted algae: 18865.0 kg

Algae solution: 19250.0 kg Concentrated algae: 18865.0 kg

'—ljrmea(e 1:2832.4 kg

Relative energy consumption
100.00%
= Electricity = Heat

Ultrafiltration

Tubular PBR (100 kDa)
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Wasted algae biomass: 385.0 kg (2.0 %) Solids (whole algae, disrupted algae): 13269.2 kg (68.9 %)

Retentate 1 (polysaccharides, lipids, pigments, cell debris): 2763.4 kg (14.4 %)

Next steps: evaluating 5 promising algae value chains
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Permeate 2 (sugars): 112.8 kg (0.6 %)
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Retentate 2 (soluble proteins, sugars): 2719.5 kg (14.1 %) 0.00% I
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The conceptual process simulations will provide the input homogenisation \ roane Triacylglycerides  Food, functional food,
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The 5 most promising value chains for the MIRACLES project '-====-
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