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PRODUZIONE DISTRIBUZIONE CONSUMO
The circular economy is an economic model 
designed to optimize the use of natural 
resources, reducing the production of waste 
and fostering material reuse/recycling in 
other production chains

It involves sharing, lending, reusing, 
repairing, reconditioning and recycling 
existing materials and products as long as 
possible

It is an alternative to the traditional linear 
economic model 'take-make-dispose’, which 
is based on the accessibility of large amounts 
of resources and energy

Source: https://www.government.nl

Circular Economy

https://www.government.nl/binaries/large/content/gallery/government/content-afbeeldingen/infographics/from-linear-to-a-circulair-economy.jpg


The circularity rate of 
the use of material in 
the EU was 11.7%

Circular Economy



(Source: https://ec.europa.eu/eurostat/)

Circular Economy



Circularity rate of materials in the 5 biggest European 
countries

Circular Economy

(source: Eurostat, 2023)



Agricultural economy and cereal sector in Italy

(Source: Istat, 2023)

➢ In 2022, the value of agriculture in Italy was 65.3 billion euros
➢ Agriculture accounted for 2.2 % of total economic activity
➢ Italy was second in Europe for added value of agriculture after France and ahead of Germany
➢ Compared to 2021, production decreased in volume (-1.4%) and value (-1.0%)

➢ Cereal sector accounts for 16.3% of the total value of agricultural crops
➢ Cereal production in Italy in 2022:

➢ Soft wheat: 2.8 Mton
➢ Durum wheat: 3.7 Mton
➢ Barley: 1.1 Mton
➢ Corn: 4.7 Mton

➢ In Lombardy region in 2022:
➢ 10.6% of national soft wheat production
➢ 22.7% of national corn production

➢ Solid cereal waste produced during the cleaning grain process = 2-4% (up to 30% with mycotoxins)
➢ livestock bedding, composting, biogas production, paper production



GENERAL OBJECTIVE 

The general aim of the project is the valorization of cereal waste for producing biosurfactants to 

treat soil contaminated with petroleum hydrocarbons by a bioelectrochemical system (BES)

SPECIFIC OBJECTIVES

• Development of a new biological strategy to produce biosurfactants using cereal waste

• Definition of the best operating conditions of the biosurfactant-assisted BES to treat soil 

contaminated with petroleum hydrocarbons (PH)

• Assessment of the impact of the processes and products through LCA and LCC

• Promotion of cross-sectorial synergies among the companies working in the cereal, 

biotechnological and remediation sectors

RICREA project
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Contaminated sites in Italy

(Source: ISPRA, 2023)



Previous experience: CREIAMO project

Rhamnolipid production using nonfermented grape marcs 

and Burkholderia thailandensis E264 



Previous experience: CREIAMO project
Rhamnolipid biosurfactant assisted bioremediation of soil contaminated with 

hydrocarbons 

by using bioslurry process
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Previous experience: CREIAMO project
Rhamnolipid biosurfactant assisted bioremediation of soil contaminated with 

hydrocarbons 

by using Bioelectrochemical systems 

• Bioelectrochemical remediation couple bioremediation with electrochemical remediation, in which 
bioremediation is enhanced by electrochemically active bacteria (EAB) exchanging electrons with 
the electrodes and generating a bioelectricity.

• When electrodes serve as the electron acceptor, electrons produced from contaminant degradation 
by EAB are transferred to the anode, and, by an external circuit to the cathode, where a final 
electron acceptor (e.g., O2) is reduced.



Previous experience: CREIAMO project
Rhamnolipid biosurfactant assisted bioremediation of soil contaminated with 

hydrocarbons 

by using Bioelectrochemical systems 



Previous experience: CREIAMO project
Evaluating the environmental impact of using LCA for the developed process used for 

the remediation of petroleum hydrocarbons via bioelectrochemical system  and 

bioslurry reactor
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Production of  biosurfactant



Parameter Value 

pH 7.6 ± 0.1

Organic C(g/kg) 12 ± 1.1

Total N (g/kg) 0.25 ± 0.3

C/N (g/kg) 48 ± 0.3

Sand (g/kg) 801 ± 0.5

Silt (g/kg) 113 ± 0.4

Clay (g/kg) 87 ± 0.2

Conductivity (µS/Cm) 113.2 ± 0.1

Moisture (%) 8.14 ± 1.2

Total petroleum hydrocarbon 

(TPH)

4500 mg/kg

The soil contaminated with PH 

used in the experiment was taken 

from a polluted site in northern Italy.
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1st Microcosm tests - Contaminated soil
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1st Microcosm tests - Landfarming
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Control RM50 mg/Kg RM100 mg/Kg RM150 mg/Kg
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1st Microcosm tests - BES treatment
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2nd Microcosm tests - Contaminated soil

Terreno contaminato da idrocarburi 

pesanti prelevato da sito reale
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Prove di laboratorio

2nd Microcosm tests – BES treatment
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Contaminated soil and biosurfactants

1st Pilot test preparation
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Landfarming

1st Pilot test preparation
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BES treatment

1st Pilot test preparation
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Preliminary conclusions
Cereal waste is suitable to produce rhamnolipids

Lab scale tests:

❖ biosurfactant addiction implies higher TPH removal rates

❖ BES+ is effective

First pilot scale test:

❖ BES and landfarming TPH removal rates are similar

❖ biosurfactant addiction causes improvements in first months

❖ biological process heavily decelerates at low temperature

❖ operating cost and maintenance of  BES are lower than landfarming

Continuation of  the activity:

different dosage methods of  biosurfactants

different moisture values

LCA and LCC studies



Supported by

Thank you!

progetto.ricrea@unibs.it

mentore.vaccari@unibs.it
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