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HIGHLIGHTS

= Anaerobic digestion (AD] could produce annoyance for humans, e odors and pathogens
= Because of hio-stabilization process, AD reduces potential adours production

= Riological process is respansible of pathogen reduction because of MH, production.

= Substrace competition, as well, is responsible for pathogen reduction.

Plant characteristics amd feedstock influence the results for pathogen reduction.

A RTI1CLE I N F O A BSTRACT

Mesophilic anaerobic digesti

v [ MLAD ) produces renewable energy, but it also plays a role in reducing the impact
odor and pathomen content. Ten full-scale biogas plants characrerized by different
svers, parallel or serial digesvers ), plant powers (ranging from 180 to 999 kWe ), hy-
n time (HET) L between 20 to 1and feed mixes were monitared and adors and
bserved in both i >states and dig Results obtained indicated that MAD reduced
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Plants showed different abilities to reduce pathogen indscators, depending on the pH value and toxic ammonia
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1 reduction because of NHs production.
e for pathogen reduction.

* the results for pathogen reduction.

A BSTRACT

plant demgns (e.g. single dlgesters palal]e] or ser 1al dlgEStEls) plant powers {ranglng ﬁum ‘ISD to 999 kWe), hy-
draulic retention time (HRT) (ranging between 20 to 70 days) and feed mixesSishassanbboitsnneccc and

ingestates and digestates. Res®& obtalned indicated that MAD reduced

. Tnogens and indigenous microflora, i.e. Enterobacteriaceae from 6.85 » 10° 4+
1.8 = ‘l{}] to 1.82 = ‘l{}' 4+ 3.82 =« 10"; fecal Coliform from 1.82 « 10? 4 9.09 to 2.45 « 10" & 3.8 « 10"; Escherichia
coli from 8.72 = 10° 4+ 2.4 + 10! to 1.8 » 10" 4+ 2.94 « 10'; Clostridium perfringens from 6.4 = 104 + 7.7 to
5.2 « 107 &= 8.1 (all data are expressed as CFU g ! ww).

Plants showed different abilities to reduce pathogen indicators, depending on the pH value and toxic ammonia
content.

© 2015 Elsevier B.V. All rights reserved.

crops. Biogas production has been developed a lot in the EU in recent de-
cades and in particular in Germany and Italy. In Italy, biogas has been de-

s with renewable bicenergy veloped considerably in the Lombardy Region in an agricultural context
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Clostridium perfrigens: Log10 CFU ml
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Anaerobic digestion: useful biotechnology able to transform the nutrients
contained into plant-available forms so that digestate can replace mineral

fertilizers.

The treatment of livestock effluents by anaerobic digestion processes can

play a key role in producing fertilizers.

AD leads to several changes in the composition of the resulting digestates for

what that concern ammonia content, pH, COD, pathogens and odor

emission.

Digestates are characterized by biologically stable organic matter and ready

available nutrients content (i.e. NH,* and PO,*)
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Nitrogen mineralization from digestate in comparison to sewage sludge,
compost and urea in a laboratory incubated soil experiment

Fulvia Tambone'* and Fabrizio Adani’
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INCUBATION TEST AT LABORATORY SCALE

- No fertilizer T
- Soil + Compost C
-Soil + sewage sludge SS
- Soil + Digestate D
- Soil + Urea U




Nitrogen balance

t ha' N... N-NO; Efficiency
kg ha't %
C 22.6 300 136 45
SS 24.8 300 150 53
D 83.3 300 262 88
U 0.65 300 100

High organic matter mineralization
rate.
High content of N-NH,*

* Assuming that all the nitrogen added by urea is

mineralized

Gruppo Ricicla UniMi DISAA



Conclusions

- Efficiency digestate = urea

- Digestate = mineral fertilizers

- Necessity to consider soil and environment differents
characteristics and conditions

- Distribution Systems (injection or surface )

Gruppo Ricicla UniMi DISAA



Maize silage trials

™ Farm A i Farm B [ digestated
) : mineral
mineral I I digestated
40 - 40
30 30
- =
i
vzo 20
10 10 /
O T T T 1 0 T T
T1 T2 T3 T4

T1 T2 T3 T4
Farm A: maize silage in the different theses
T1 = no fertilization — cover: no fertilization

T2 = superficial raw digestate - injected raw digestate
T3 = urea - urea

Farm B: maize silage in the different theses
T1 = no fertilization - localized fertilization

T2 = Superfilcial raw digestate- localized fertilization
T3 = urea - localized fertilization
T4 = injected raw digestate — injected digestate liquid fraction

T4 = Injected raw digestate - localized fertilization

Carozzi, Riva, Acutis, Tambone, Adani Progetto NER@, 2012
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Short-term experiments in using digestate products as substitutes for @CM
mineral (N) fertilizer: Agronomic performance, odours, and ammonia
emission impacts
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HIGHLIGHTS GRAPHICAL ABSTRACT

» Anaerobic digestion produced useful

Mk TT W o
fertilizers, i.e. the digestate. e Ammonis exslors [ Govemnd s ) S— 1y
» Digestate misuses led to odours and 00 Digestata swrtace } : e m———
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ammonia impacts. o : 1] e s e
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* Digestate use allowed producing maize
silage as well as using urea.



Anaerobic digestion produces a biologically stable and high-value fertilizer product, the digestate, which can be
used as an alternative to mmeral fertilizers on crops. However mlsuse of digestate can lead to annoyance for the

chgestate and pr uducts derwed from it to the crop sﬂage maize. Digestate and the liquid fraction of dlgestate
were applied to soil at pre-sowing and as topdressing fertilizers in comparison with urea, both by surface appli-
cation and subsurface injection during the cropping seasons 2012 and 201 3. After each fertilizer application, both
odours and ammonia emissions were measured, giving data about digestate and derived products' impacts.

The AD products could substitute for urea without reducing crop yields, apart from the surface application of AD-
derived fertilizers. Digestate and derived products, because of high biological stability acquired during the AD,
had greatly reduced olfactometry impact, above all when they were injected into soils (82-88% less odours
than the untreated biomass, i.e. cattle slurry). Ammonia emission data indicated, as expected, that the correct
use of digestate and derived products required their injection into the soil avoiding, ammonia volatilization
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Efficient digestion:

Proposal by and Regione Lombardia:

Liquid fraction = fertilizer

If:

Efficient management + efficient
separation

N-NH, > 70-80%

Efficient use by plants

90%

Biological stability .
Sanitary aspects .
N, . content o

tot

N- NH4content

Utilization efficiency:

N dosed following crop budget
Covered storage tanks
Application by injection,
immediate incorporation or
localized fertigation



Proposal by

and Regione Lombardia:

Liquid fraction = fertilizer

If:

Efficient digestion:

Biological stability
Sanitary aspects
N, . content

N- NH,content
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Utilization efficiency:

N dosed following crop budget
Covered storage tanks
Application by injection,
immediate incorporation or
localized fertigation
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 The recovery of
biomasses' nutrients

becomes a process to
produce fertilizers. -

RENEWABLE



Un aiuto puo derivare dalla revisione di
norme nazionali ed europee, rimuovendo le
barriere amministrative oggi presenti e
valorizzando percorsi di economia circolare
che coinvolgano a pieno titolo anche il
settore zootecnico, riconoscendo il valore
degli effluenti di allevamento



EUROPEAN COMMISSION

. « SAFE-MANURE
Programme















——
- — -










4

A

s serrSrtr < - -4







MANERBIO BS
2018




0
0
O
@
v
LLj
Z
<
=

2018







Untreated After ultrafiltration After reverse osmosi



i

mvolumes
reduction.

Fa
£




»>2009-2010 set up
»>2011 operat




»>2009-2011set up
»>2012 operati

0
N

\l
A

- é“ \'l! ;

- Tz .

>30 /20 tlmonth ammomunL

‘_a‘,.‘—*:‘

—a

—

il r-













e S —— .y

~— S




T AL eRARREIE S
i TrT jiffdiaaaagiigannniiie | i i
T S| | i fifi - O T T S G
'ﬂﬁ;i a | ; L L L R i
i »‘ ‘ ) pRERBII T [T s N aa e
f | b - ~ 6 SEFEIIST
K | ] L

ERaTIERRIIRURERURY’ iL
1L

FI2sa9aaNl | LEX 171/
] SR il



S e

; ﬁ\'v-\lv‘lﬂl'f

i /4

FIESSRION] -

G001 0BSURLESS Mt P e E
TAMC 411 OBLURLESFt e 1 Fed

TAVK T4 OB SLURIESS SeretiRRuded T
el el - ”
1 \‘i | : B -

| i -
_m, -] [ -~" =

_.,_’ .

[ ] o 1, = e
_ll.‘







VIPITENO BZ
2017




; "Bl
. 'Y'—‘" = A A e & e ) > U

VIPITENO BZ
2017




) .
| | UNIVERSITA DEGLI STUDI DI MILANO

Phosphorus recovery from the liquid fraction of digestates
by crystallization of struvite




Crystallization operating scheme

OUTPUT:
Effluente impoverito di fosforo

CLARIFIER: parte superiore, zona
di ascesa e ricaduta dei centri di
nucleazione.

UPFLOW: dove avviene la fase
dinamica di spostamento dei
solidi.

Upflow velocity = Total flow/ section

COLLECTING: zona di ricaduta dei

cristalli, asportazione del precipitato

digested /|l |]l| + seawater
INPUT: AV

(V = \ bittern

separato liquido filtrato -1 sluiges‘ » ,
- +
soluzione diluita di SWB (PO4> e NHs) (Mg*)

T

Gruppo Ricicla UniMi DISAA



Test 1

I

I

pH=9.5
Mg?*:PO,* = 1.8:1
flusso aria= 0.5 L min]

crystallizer test scheme

Test 2
Test 2.1

I

I

Test 3
Test 3.1

I

I

ST=3.3%

pH=9.5
Mg?*:PO,> = 2:1

flusso aria= 0.5 L min|

ST=33-4.5%

pH=9.5
Mg?*:PO,* = 3:1

flusso aria= 0.5 L min[

ST=3.3-4.5%

Gruppo Ricicla UniMi DISAA
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PO,* abatement (%)

PARAMETRI

pH=9.5
P reduction : 60%

Mg?*:PO,>=1.8:1
ST=3.3%

_____________________________________________

i Flusso d’aria = 0.5 L/min

abbattimento PO,3 - TEST 1 (%) TEST1: P rimozione - ST

wn

% P-rem. TEST 1

rem
5
-
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w o
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10 5
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days

Days Gruppo Ricicla UniMi DISAA



PARAMETRI
pH=9.5

Mg2+:PO,3 = 2:1
ST=3.3%

_____________________________________________

i Flusso d’aria = 0.5 L/min

12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
days

9 -
80 ¢
70

o 50 ¢

-

@40 :
® 30 -
20 :
10 :

P reduction: 85%

TEST2: P rimozione - ST

o % P-rem. TEST 2

TS (% dm

—— TS (% dm) TEST2




PO, abatement (%)
o5 88588383 8

PARAMETRI
pH=9.5
Flusso d’aria = 0.5 L/min
Mg?*:PO,*> =2:1
ST=45%

_____________________________________________

abbattimento PO, TEST 2.1 (%)

days

P reduction: 76 %

TEST2: P rimozione - ST

||I|||I..||J"“

L3 p e % P-rem . TEST 2

L2 ——TS (%dm) TEST 2

012 3456 7 8 91011121314151617181920212223 20252627 282930

Days
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PO, abatement (%)
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PARAMETRI

Flusso d’aria =

pH=9.5
0.5 L/min

Mg2*:P0,3 = 3:1

ST=45%

_____________________________________________

P abbattuto: 62 %

TEST3: P rimozione - ST
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Results

OPTICAL MICROSCOPY ANALYSIS

Test 2 (85% reduction):

* abundance of mineral crystals
* Identificate strutture dendritiche, pennate, ramificate

’ v Gruppo Ricicla
. Y UniMi DISAA
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DIFFRACTION ANALYSIS

Test 2 (85% reduction):

* mineral component identified as struvite

Counts
3000 H

66 xrdml

2000

MgNH:POy - H2O
1000 4 CaCO,
ke - N o

| (T
1000

MgNH4PO4 - H2O
500

Paosition ["2Theta]
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Conclusioni e sviluppi futuri

Phosphorus abatement achieved under standard conditions : 85 %

Phosphorus abatement achieved with high ST content(~4,5%) : 60-70%

Seawater bittern valid alternative to MgCl,.

Precipitate rich in organic carbon, phosphates, magnesium and ammonium: renewable
fertilizer to be tested

Possible transition from prototype to plant scale










