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Problem statement

Global food losses 
and waste per year

25% of all fresh 
water

300 million 
barrels of oil

1 trillion Dollars

30% of global 
food supply is 

wasted

10% of total 
global 

greenhouse gas 
emissions



Problem statement

FatsOils

Antioxidants

Carbohydrates

Proteins
Valorization processes

§ natural high value-added ingredients 

§ reducing the environmental impact 
caused by the accumulation of bio-
wastes

§ increasing the return of agro-
industrial SME’s
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Problem statement

• Enzyme Assisted
• Supercritical Fluid
• Microwave Assisted
• Ultrasound Assisted
• High-Pressure Homogenization
• Pulse Electric Field Assisted

EXTRACTION

Conventional Solvent 
Extraction

• Maceration
• Soxhlet Extraction
• Hydro Distillation

Emerging Extraction



Problem statement

Techno-Economic Analysis

Is a method of analyzing the economic performance of an industrial process.
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• User-friendly interface
• Modeling of Batch and Continuous Processes

• SuperPro’s databanks include physical and

thermodynamic properties for more than 1200 materials.

• Material and Energy Balances

• Equipment Sizing & Rating
• Cost of Goods Analysis

• Process Scheduling and Cycle Time Analysis

• Throughput Analysis and Debottlenecking

• Scale Up/Down and Process Fitting

• Environmental Impact Assessment
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Development and improvement of the model 
by replacing various technologies, e.g., PEF, to 

find the most efficient cascade process.

Design the flow sheet for the process which 
will be used to extract valuable compounds 

from agri-food residues.

Conducting an economic analysis of the 
proposed model to understand whether it is 

profitable or not?
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Dried  Pomace Extraction 
unit

Solvent

Evaporator

Gum Arabic

Gas

Extracted 
TPC

PEF unit

US unit

HPH unit

Spray 
Dryer

Maltodextrin
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Modelling

30-300 min 0-50 %20-50 ℃

TPC

Response= 𝑎0 + 𝑎1 ∗ 𝑇 + 𝑎2 ∗ 𝑡 + 𝑎3 ∗ 𝐸𝑡𝑂𝐻 + 𝑎4 ∗
𝑇 ∗ 𝑡 + 𝑎5 ∗ 𝑇 ∗ 𝐸𝑡𝑂𝐻 + 𝑎6 ∗ 𝑡 ∗𝐸𝑡𝑂𝐻

Coefficient F-value p-value
Intercept 2,34

Temperature [T] 1,37 32,60 0,0004
Extraction time [t] 0,9709 16,47 0,0036

Ethanol concentration
[EtOH] 2,06 73,96 <0,0001

T*t 0,7661 8,20 0,0210
T*EtOH 1,01 14,37 0,0053
t*EtOH 0,7277 7,40 0,0262
Model 25,50 <0,0001

R2 0,9503

50 ℃300 min 50 %

TPC= 9.3 mgGAE/gDM

Approach and Objectives
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Model Solvent PEF pretreatment 𝑹𝟐

First-order 100% water No 0.971

Second-order 100% water No 0.981

Peleg’s 100% water No 0.972

Logarithmic 100% water No 0.989
Page 100% water No 0.883

First-order 100% water Yes 0.978

Second-order 100% water Yes 0.981

Peleg’s 100% water Yes 0.963

Logarithmic 100% water Yes 0.983
Page 100% water Yes 0.888

First-order 50% Water- 50% Ethanol No 0.936

Second-order 50% Water- 50% Ethanol No 0.961

Peleg’s 50% Water- 50% Ethanol No 0.963

Logarithmic 50% Water- 50% Ethanol No 0.974
Page 50% Water- 50% Ethanol No 0.900

First-order 50% Water- 50% Ethanol Yes 0.971

Second-order 50% Water- 50% Ethanol Yes 0.973
Peleg’s 50% Water- 50% Ethanol Yes 0.955

Logarithmic 50% Water- 50% Ethanol Yes 0.964

Page 50% Water- 50% Ethanol Yes 0.955
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Approach and Objectives
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Outcomes

Complete Recipe

P-9 in BC-101

CONVEY-1

P-1 in SMSX-101

LEACH-1

P-11 in PM-102

PUMP-1

P-10 in V-101

FLASH-1

P-2 in G-101

COMPRESS-1

P-13 in PM-104

PUMP-1

P-7 in V-102

TRANSFER-IN-1

CHARGE-1

CHARGE-2

AGITATE-1

TRANSFER-OUT-1

P-6 in PM-101

PUMP-1

P-8 in SDR-101

DRY-1

P-5 in MX-102

MIX-1

P-12 in PM-103

PUMP-1

h8h
dayday

CONVEY-1 (0.58 h)

LEACH-1 (5.17 h)

PUMP-1 (0.17 h)

FLASH-1 (0.42 h)

COMPRESS-1 (0.58 h)

PUMP-1 (0.17 h)

TRANSFER-IN-1 (0.17 h)

CHARGE-1 (0.17 h)

CHARGE-2 (0.27 h)

AGITATE-1 (0.08 h)

TRANSFER-OUT-1 (0.17 h)

PUMP-1 (0.17 h)

DRY-1 (0.58 h)

MIX-1 (0.00 h)

PUMP-1 (0.17 h)
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Outcomes

Process With PEF Without PEF
Units

Recipe Batch Time 7.27 7.27 h
Recipe Cycle Time 5.17 5.17 h
Number of Batches 
per Year

1,532 1,532 #/yr

Total Investment 10,906,000 9,779,000 $
Total Revenues 17,860,000 17,100,000 $/yr
Operating Cost 12,256,000 12,318,000 $/yr
Unit Production 
Cost

322.54 324.16 $/kg

Return On 
Investment

46.80 44.82 %

Selling price of 
product

470 450 $/kg

Payback Time 2.14 2.23 years
Batch Throughput 24.80 24.80 kg /batch
Annual Throughput 38,000 38,000 kg /yr

43.5
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Without PEF With PEF

ROI (%)
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Outcomes

Conventional Extraction 
Techniques

Green and New Techniques Such 

as PEF

Kumari, B. et al. (2017) ‘Recent Advances on Application of Ultrasound and Pulsed Electric Field Technologies in the Extraction of 
Bioactives from Agro-Industrial By-products’, Food and Bioprocess Technology 2017 11:2, 11(2), pp. 223–241. doi: 10.1007/S11947-
017-1961-9.

With PEF

Yield of extraction

Price of product

Total Investment

Solvent Consumption

Energy Consumption

Operating Cost 

ROI 



Thank You For Your Attention
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Email address: fsoltanipour@unisa.it


