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Laboratory ofBlIQechnologicalProcesses for Energy and Industry

The laboratory is engaged in activit@scerning:

...research, technological development and demonstration activities in the field of biological
processes for the conversion of different types of biomass into energy vectors such as:

LhD!' {3 .Lhl 5whD9bs .Lhaot¢

AND ADVANCED BIOFUELS
and their integration in a biorefinery perspective.....
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Bioenergyproductions

Producingenergyexploitingorganicwasteand/or byproductsof low economicvalue

@An overview of the issue and
process characteristics

Casestudies Strategieof:

A Bioaugmentation
A Biostimulation
A Bioremediation

It is mandatorya microbialecologyapproach
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Organic waste disposal and energy demand
two issues associated with any human
settlement
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Anaerobic digestion (AD$ a sequence of metabolic steps by which microorganisms break
down organic material in oxygenee environments

AD is a spontaneous process occurring in marshes, wetlands, paddies, shallow freshgvagrosistemsdigestive tract of herbivores

to produce energy
heat sy |

Pristineecosystems

agroecosystems

XFyYyR A& | LILX
reactors,

i.e.engineered ecosystems

fed with biomass/organic
wastes (food, manure, chees .
GKSe X0 : =

Gutof herbivorous

o/ | n
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Roleof microorganisms
Most of the AD plants works below their carrying capacity and sojitimals productions are obtained

This is in part due to the fact that composition and dynamics of the
microbial community,
the very engineof the AD process,
are not well known

It is managed as3lack Box

The necessity to increase AD efficiency,
- reducing retention times
- increasing methane yields and amount
- avoiding process failure
requires:
- to identify the critical steps of the process
- to understand the interactions occurring within the microbial
community
- to find nature based solutions
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AnaerobicDigestionProcessanecologicalpoint of wiew

Fourmainfunctionalmicrobialcomponents

100% COD

SUSPENDED ORGANIC MATTER:
PROTEINS, CARBOHYDRATES, LIPIDS.

21% 40%

5%

| AMINO ACIDS, SUGARS | | FATTYACIDS

€6% ACIDOGENESIS

INTERMEDIATE PRODUCTS:
PROPIONATE, BUTIRATE, ETC.

ACETOGENESIS

1%

HYDROGEN

i nesi @ A nesi
» o-Acidogenesis cetogenesis
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o Hydrolysis

Bacteria
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AnaerobicDigestionTrophicChain:critical steps

Hydrolysis:orits efficiency depends the amount of

the final CH4 production .. )
P A criticalconnection

need to identify process
bio-indicators

» o-Acidogenesis ¢= o-Acetogenesis

bacteria
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AnaerobicFungi: gpromisingmicrobial source forbiotechnological
applications
Lifecycle
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AnaerobicDigestionProcessthe methanogenicphaseandand identification of process
bio-indicators

Ecology Taxonomy
Methanosaetasp

a phase performed by Archaea, migsayanisms that have slower duplication times specialistacetodlast
than Bacteria and thus control the speed of,@kbduction and sometimes hinder it.

(CH/ hhl [wQQ)
They can act as a stopper

Methanosarcinasp
o Hydrolysis >0 Acidogenesis Acetogenesis

*> O
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Methanobrevibactersmithii
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functional componentsto produce CHfrom straws

Bioresource Technology
Volume 260, July 2018, Pages 364-373

ELSEVIER

Combined biocaugmentation with anaerobic
ruminal fungi and fermentative bacteria to
enhance biogas production from wheat
straw and mushroom spent straw

Alberto Ferraro ® 9, &, Giulia Dottorini ® %, Giulia Massini ®, Valentina Mazzurco Miritana ® 9,

Antonella Signerini ®, Giuseppe Lembe P 9, Massimiliono Fabbricino ®
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Conceptual framework

Microbial ecosystem
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Casestudy 1: Combinedbioaugmentation withdifferent microbial
functional componentsto produce CHfrom straws

ELSEVIER

2R Bioresource Technology « H .
e X Volume 260, July 2018, Pages 364-373 { Anaeroblcfungl F21O inoculum
Combined bioaugmentation with anaerobic S
ruminal fungi and fermentative bacteria to
enhance biogas production from wheat
straw and mushroom spent straw

Enrichmedn a Continuous Stirred Tank Reactor (CSTR)
Microbialcommunitycharacterization using molecular techniques

F210 was previously successfully tested fpptaduction on different kinds of
organic wastes.

Alberto Ferraro ® 9, &, Giulia Dottorini ® %, Giulia Massini ®, Valentina Mazzurco Miritana ® 9,

Antonella Signerini ®, Giuseppe Lembe P 9, Massimiliono Fabbricino ®

Conceptual framework

Microbial ecosystem

Microbial component Anaerobic Ruminal Fungi (ARF) FermentiT bacteria (F210) Methanogenic community (M)

in functi : olysé Acidogenesis —
Main functional role Hydrolysis anesis o-tydrolysts >0 .

Experimental framework I Dreroivt bacteria [ fermertog bactena
Substrates Community composition Process configuration Experimental scale
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T
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Casestudy 1.1: Asimplified model of combinedbioaugmentation with
different microbial functional componentsto produce CEfrom straws

MATHEMATICAL MODEL CALIBRATION MATHEMATICAL MODEL VALIDATION
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Casestudy 2: BioaugmentedAD communityto enhance

Sermentation

CH, production from shrimp shells

ey Cell density
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e o
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Bioaugmentation of chitinous substrate improv
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Casestudy 3: AZeR(project = ENEN

Roi Italian National Agency for New Technologies,
U Energy and Sustainable Economic Development

AntibioticsasEmerging Contaminants?: K | ih@fate of veterinary antibiotics usedin farms?

Effects of antibiotics on the efficiency of the
anaerobic digestion process

Sulfamethoxazole
Enrofloxacin
Ciprofloxacin

Agrozootechnicalvaste used to ﬂlﬂ l””‘ﬁ Digestate used as a fertilizer or amendment for
feed biogas plants - t W agricultural soils

Massini G. & Mazzurco V. Training Course_ MIRRI November 27th, 2023




Finanziato Ministero

dall'Unione europea Y~ dell’Universita Italiadomani SUS-MIRRLIT
NextGenerationEU . e della Ricerca D RIFRESA & RESILIENZA

(b) Prokaryotic Classes
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Case study 4: A novel enrichment approach to obtain specific microbial functional

- MICROBIAL
COMMUNITY
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Casestudies 5. Bioaugmentationstrategy to enhance PAHsdegradation
usingthe selectedinoculum

76,5% A-124 / \ 94,1% A96

70,6% D-124 88,2% D196
76,5% A-196

35,3% D-196

Bioaugmentatiorwith allochtonous
microorganismpromote PHAdegradatio
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