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Academic courses
Professor Renato Iannelli

• Solid Waste Management and Remediation of contaminated sites (Cod. 220HH) - MSc program in 
Civil and Environmental Engineering

• Sanitary and Environmental Engineering (Cod. 062HH) - MSc program in Civil and Environmental 
Engineering

Borrow or shared courses:

• Sanitary and Environmental Engineering (Cod. 062HH) - MSc program in Structural and 
Architectural Engineering

Isabella Pecorini, PhD

• Solid Waste Management and Remediation of contaminated sites (Cod. 220HH) - MSc program in 
Civil and Environmental Engineering (co-teaching with Professor Renato Iannelli)

• Environmental Impact Assessment (Cod. 264HH) MSc program in Civil and Environmental 
Engineering

• Appliacations of Environmental Engineering (Cod. 018HH) – Master Degree in CONSERVAZIONE ED 
EVOLUZIONE
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Laboratory equipment
➢ Optical Emission Plasma Spectrometer (ICP-OES)

❖ Thermo-Fisher Scientific Inductively Coupled Optical Emission Plasma Spectrometer (ICP-OES) (Model iCAP 
7000 series)

The Inductively Coupled Optical Emission Plasma 
Spectrometer can analyze samples of water, soils, 
rocks, inorganic solids and also organic samples 
and can detect:

Li, Be, B, Na, Mg, Al, K, Ca, V, Cr, Fe, Mn, Co, Ni, Cu, 
Zn, Rb, Si, Sr, Ge, As, Se, Mo, Ag, Cd, Ba, Tl, Hg, Pb, 
U, Bi on water samples

Ag, As, Ba, Bi, Cd, Co, Cr , Cs, Cu, Ga, Hf, Hg, Li, Mn, 
Mo, Nb, Ni, Pb, Rb, Se, Sr, Ta, Th, Ti, Tl, U, V, Y, Zn, 
Zr, Tl, plus all the Rare Earths from La to Lu on 
rocks, soils or solids or previously "digested" 
samples

As, Ba, Bi, Cd, Co, Cr, Cs , Cu, Hg, Li, Mn, Mo, Ni, Pb, 
Rb, Se, Sr, Ta, Ti, U, V, Zn on organic samples
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Laboratory equipment
➢ Gas cromatography analyses to identify Volatile Fatty Acids and Biogas composition

❖ Gas chromatograph 7890B Agilent Technology

Measures VFAs (acetic, propionic, butyric, iso-butyric, valeric, 

isovaleric and caproic acids) 
H2 gas carrier
CPFFAP column (0.25 mm/0.5 μm/30 m)
Flame ionization detector (250°C). 
The temperature ramp 60°C-250°C with a rate of 20 
°C/min.

❖ 3000 Micro GC (INFICON; Switzerland)

MEMS (Microelecromechanical System) injection

He gas carrier for H2S and CO2 - column PLOTQ 
(10 μm /320 μm/8 m)

T=55°C  
Ar gas carrier for CH4, H2, 02, NO - column
Molsieve (30 μm / 320 μm / 10 m)  T=50 ° C. 
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Research and Laboratory activities
LISAP focuses on 4 main research lines

➢Waste >>> Municipal Solid Waste and Biowaste

✓ Biological stability of organic substrates

✓ Innovative strategies for bioenergy and bioproducts recovery 

➢Remediation >>> Decontamination of sediment

✓ Electrokinetic remediation of marine sediments

➢Water >>> Wastewater treatment

✓ Technical-economic optimization for the centralization of the wastewater treatment

✓ Innovative and advanced solution of Wastewater treatment

➢Air >>> Odor control, climate change mitigation and CO2 certificates

Main Laboratory equipment

➢ Optical Emission Plasma Spectrometer

➢ Gas cromatography
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➢ Waste >>> Municipal Solid Waste and Biowaste 

❖ Oxygen Uptake Rate - UNI EN 16087-1:2020 

Oxitop-IDS WTW GmbH

❖ Self heating test - UNI EN 16087-
2:2011

✓ Biologica Stability - REGULATION (EU) 2019/1009 rules on the making available on the market of EU fertilising 
product

❖ Specific Oxygen Uptake
Rate 
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➢ Waste >>> Municipal Solid Waste and Biowaste 

❖ Dynamic Respirometric Index (DRI) - UNI 11184:2016

• Method A Potential Dynamic Respirometric
Index  (PDRI)

• Method B Real Dynamic Respirometric Index 
(RDRI)

✓ Biological Stability - REGULATION (EU) 2019/1009 rules on the making available on the market of EU fertilising 
product
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➢ Waste >>> Municipal Solid Waste and Biowaste 

❖ Biochemical methane potential (BMP) test – UNI/TS 11703:2018

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝐵𝑖𝑜𝑔𝑎𝑠 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 − 𝑅𝐵𝑃28 Nlbiogas/kgtvs

✓ Biological Stability - REGULATION (EU) 2019/1009 rules on the making available on the market of EU fertilising 
product
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Fifty Italian digestate and compost samples were analyzed to study their biological stability 

Oxygen Uptake Rate -

OUR
Self Heating Test 

Materials and methods >> Biological Stability Indexes 

Dynamic 

Respirometric Index 

(DRI)

Aerobic Stability

Biochemical methane 

potential (BMP) test

Residual Biogas 

Potential 

Anaerobic Stability

≈ Italian regulation
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Digestate
Material 
recovery 

Biochemicals,
Biopolymers – PHA
Nutrients (struvite)

Fertilizers

Biogas

o
ut

VFA

➢ Waste >>> Municipal Solid Waste and Biowaste 

Biogas
Energy Recovery 

Bio-fuels

✓ Innovative strategies for bioenergy and bioproducts recovery 

❖ Dry Anaerobic Digestion
30L Pilot-scale PFR

❖ Wet Anaerobic Digestion and Dark 
Fermentation 

25L Pilot-scale CSTR 

VFA
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SCALE UP STRATEGY

1 l            >>         20 l                  >>                  600 l              >>                     3000 m3

Step1 Step2 Step4Step3
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Line of research >> WET approach

• Dark 
fermentation

• To produce H2, 
CH4, VFA

• VFA as
precursor of 
PHA 
(biopolymer)

• slow-release 
fertilizers (SFR)
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Line of research >> DRY approach
• PLUG FLOW

• To produce 
CH4, VFA

• VFA as
precursor of 
PHA 
(biopolymer)

• slow-release 
fertilizers 
(SFR)
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PHA production through Mixed microbial cultures fed with 
fermented residual stream

Sludge
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PHA production through Mixed microbial cultures fed with 
fermented residual stream

SBR selection reactor and accumulation reactor

Cycle analysis with uncoupled feeding

Defined a potential correlation between the 
aeration rate and the VFA and NH4+ uptake rate

experimentation main results:

Previous experimentation:
• OLR = 0.6 gCOD/L,
• Simple stream (Acetic 80% and 

propionic 20%),
• P-limiting conditions

Aim:
• Define the setup
• Understand how the accumulation and 

replication process works
• Identify key parameters for process 

monitoring
• Identify the role of aeration

rate in the various stages
of SBR
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➢ Remediation >>> Decontamination of sediment

✓ Electrokinetic remediation of marine sediments

Anode
(+), OX

Cathode
(-), RED

Anodic
Chamber 

Cathodic
Chamber

3-5kg

50 kg
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➢ Water >>> Wastewater treatment
✓ Technical-economic optimization study for the centralization of the wastewater collection and treatment 

services 

GOALS:
❖ Reduction in the operating expense 

(OPEX)
❖ Improvement in the status of the 

environment
❖ Sustainable development



DESTEC - DEPARTMENT OF ENERGY, SYSTEM, TERRITORY AND CONSTRUCTION ENGINEERING -

UNIVERSITY OF PISA 2

0

• Processo electro-Fenton like con formazione 
di ioni Fe2+ in situ tramite anodo sacrificale

✓ Influenza della corrente applicata e  della 
concentrazione di H2O2 aggiunta 
sull’efficienza del processo;

✓ Rimozione contaminanti per attacco del 
radicale ossidrile (.OH) 

      e per precipitazione (Fe(OH)3);
✓ Possibili opzioni di riuso del precipitato 

ferroso in seguito a caratterizzazione.

TRATTAMENTO DI RIMOZIONE DI COD RECALCITRANTE 
E COLORE DA REFLUI CONCIARI 
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TRATTAMENTO DI RIMOZIONE DI COD RECALCITRANTE 
E COLORE DA REFLUI CONCIARI 
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Comparing the effects of Al-based coagulants in waste activated sludge anaerobic 
digestion: methane yield, kinetics and sludge implications

Digestate

➢ The process of flocculation and coagulation is often 
used for pollution removal in wastewater treatment, 
due to its effectiveness and ease of application.

➢ Most of the coagulants precipitate and accumulate in 
waste activated sludge (WAS).

➢ In general, Al-based coagulants are known to have 
negative impacts on methane production in WAS 
anaerobic digestion.

➢ In authors’ knowledge, none of the previous studies 
compared the performance of poly aluminum chloride 
(PAC) and aluminum sulfate (AS) on methane 
production.

(Wu et al., 2022) 

Introduction

22
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Chapter 6 - Comparing the effects of Al-based coagulants in waste activated 
sludge anaerobic digestion: methane yield, kinetics and sludge implications

Materials and methods

Sludge conditioning

➢ Coagulant dosage: 0, 5, 10, 20 mg Al/g TS
➢ High agitation (2 min, 120 rpm)
➢ Low agitation (10 min, 60 rpm)
➢ Analysis on soluble compounds (0.45 μm filtered) 
➢ FTIR and SEM analysis

Biomethane potential test (BMP)

➢ Triplicate reactors (600 mL working volume)
➢ 2g TVS/100 ml of inoculum
➢ Initial pH of 7 + 0.1
➢ Water bath at 37 + 0.1 °C (40 days)
➢ Daily measurement of biogas (CH4, CO2, H2S)
➢ Modified Gompertz Model:

(Liu et al., 2021)
(Pecorini et al., 2016)

where:

BMP(t) = cumulative methane production at time t;

A = maximum methane production potential (mL/g VS);

μm = maximum methane production rate (mL/g VS  d);

λ = lag-phase duration (d);

t = time (d)

e = exp(1).

1

2

23
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Chapter 6 - Comparing the effects of Al-based coagulants in waste activated 
sludge anaerobic digestion: methane yield, kinetics and sludge implications

Results and discussion

Figure 20: cumulative methane production in control reactor (no coagulant addition) compared with poly aluminum chloride (PAC)-conditioned reactors and 
aluminum sulfate (AS)-conditioned reactors. 

24

➢ Results revealed that Al-based coagulants inhibited methane production, which decreased as the coagulant addition increased.

➢  The inhibition was much more severe in AS-conditioned reactors, showing average reductions in methane yield from 14.4 to 31.7%, 
compared to the control (167.76 + 1.88 mL CH4/g VS).
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Chapter 6 - Comparing the effects of Al-based coagulants in waste activated 
sludge anaerobic digestion: methane yield, kinetics and sludge implications

Results and discussion

Figure 21: maximum methane production potential, maximum methane production rate and lag-phase duration, depending on different levels of poly aluminum 
chloride (PAC) and aluminum sulfate (AS). 

25
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CONFRONTO TRA POTENZIALITA’ E CARICHI IN 
INGRESSO AGLI IMPIANTI DI DEPURAZIONE

✓ Stima quali-quantitativa dei reflui 
in ingresso agli impianti di 
depurazione;

✓Valutazione della potenzialità dei 
depuratori;

✓Analisi tecnica, economica ed 
ambientale degli interventi;

✓Analisi di scenari futuri.
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✓ Studio del livello di centralizzazione del 
collettamento, trattamento e recupero 
di risorse dale acque reflue;

✓ Sviluppo di algoritmi (MatLab) di 
progettazione delle reti fognarie ad 
ampia scala;

✓Analisi delle tecnologie di trattamento 
acque e recupero risorse;

CONFRONTO TRA POTENZIALITA’ E CARICHI IN 
INGRESSO AGLI IMPIANTI DI DEPURAZIONE
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WWTP1
Maximum PE served: 47,416

WWTP2
Maximum PE served: 4,000

✓ Studio di scenari 
centralizzati/ottimizzati;

✓Valutazione ambientali degli 
scenari (LCA);

✓Valutazione economica degli 
scenari (LCC);

✓ Indivduazione del best case.

CONFRONTO TRA POTENZIALITA’ E CARICHI IN 
INGRESSO AGLI IMPIANTI DI DEPURAZIONE



DESTEC - DEPARTMENT OF ENERGY, SYSTEM, TERRITORY AND CONSTRUCTION ENGINEERING -

UNIVERSITY OF PISA

Introduction

A comparative LCA of three WWTPs in a tourist area: effects of seasonal 
loading rate variations

➢ Wastewater treatment plants (WWTPs) 
located in tourist areas generally suffer 
from the seasonal increase in 
wastewater flow-rate and pollution 
loads. 

➢ The aim of this study was to compare the 
environmental impacts from three 
medium-size activated sludge WWTPs 
using LCA.

➢ the effects of changes in loading rate 
were analyzed considering two separate 
periods: high season (HS) and low 
season (LS).

WWTP1
Volume treated: 2,124,723 m3/year; 

Maximum PE served: 34,802
WWTP2

Volume treated: 3,144,214 m3/year; 
Maximum PE served: 47,416

WWTP3
Volume treated: 4,702,083 m3/year; 

Maximum PE served: 84,869

29
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Materials & methods

A comparative LCA of three WWTPs in a tourist area: effects of seasonal 
loading rate variations

➢ The potential environmental impacts were computed 
based on 1 m3 of treated wastewater, in compliance 
with regulatory standards (Legislative Decree 
152/2006).

➢ System boundaries included all the consumptions of 
materials, chemicals, energy and processes involved in 
the operational steps of wastewater treatment. 

➢ Resources recovered from WWTPs and waste streams 
were considered as “avoided product”, as they are 
equivalent to commercial products.

(Arias et al., 2020) 

Figure 4: system boundaries. *Sludge anaerobic digestion and biogas 
valorization are carried out only in WWTP3.

30



DESTEC - DEPARTMENT OF ENERGY, SYSTEM, TERRITORY AND CONSTRUCTION ENGINEERING -

UNIVERSITY OF PISA

➢ Secondary treatments accounted for 
more than 50 % of the total global 
warming potential in both seasons.

➢ The electricity consumptions of the 
WWTPs (aeration systems) and the 
direct emissions of N2O from the 
activated sludge process were the 
main carbon footprint contributors, as 
also shown by previous studies

 (Maktabifard et al., 2022) 

Results & discussion

A comparative LCA of three WWTPs in a tourist area: effects of seasonal 
loading rate variations

Figure 5: contribution analysis to global warming potential 
(GWP) in high season (a) and low season (b).

Figure 6: CO2 equivalent emission levels of the main carbon 
footprint contributors in WWTP1 (a), WWTP2 (b) and 

WWTP3 (c).

31



DESTEC - DEPARTMENT OF ENERGY, SYSTEM, TERRITORY AND CONSTRUCTION ENGINEERING -

UNIVERSITY OF PISA

➢ Air >>> Odor control,climate change mitigation and CO2 
certificates

❖ Pollutant and odour dispersion 
modelling

❖ Human Health Risk 
Assessment 

Risk = 
Hazard x Exposure

❖ Landfill gas treatment and methane 

oxidation efficiency of compost

A C

Column A -> moisture content 20%

Column B -> moisture content 30%

Column C -> moisture content 40%

B
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Contacts
Full Professor
Renato Iannelli
ph.: +39 050 2217718
e-mail: renato.iannelli@unipi.it

Assistant Professor
Isabella Pecorini, PhD
ph.: +39 050 2217926
Mob.: +39 347 2988292
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