Journal of Agricultural Engineering

press

N

Evaluation of ammonia emissions from filtration of digestate

used for fertigation

Celeste Righi Ricco, Alberto Finzi, Viviana Guido, Elisabetta Riva, Omar Ferrari, Giorgio Provolo

Department of Agricultural and Environmental Sciences, University of Milan, Milan, Italy

Abstract

Fertigation can be a suitable technique for utilizing digestate,
minimizing nitrogen losses, and contributing to circularity within
a farming system. For this purpose, digestate usually is first pro-
cessed with a screw-press separator. However, further filtration is
required to remove particles that could clog the nozzles of drip or
sprinkling irrigation systems. Advanced filtration can be obtained
using mechanical separation with screens having openings of 100-
300 um. This operation can be another source of ammonia emis-
sion, but this aspect has not been adequately investigated.

This study aimed to address this knowledge gap by evaluating
the emissions from three different filtration systems for digestate.
The study was conducted in three different farms located in
Lombardy (Italy) using digestate to fertigate maize by drip irriga-
tion (two farms) and pivot irrigation (one farm).

Ammonia emissions were measured with passive samplers
and the fluxes were examined using an inverse dispersion model
implemented in Windtrax software. The emissions were measured
both when the filtration systems were in operation and when they
were switched off.

Ammonia emissions (mean values between 375 and 876 g
NH3/m?/s) tended to increase during operation of the filtration sys-
tems. However, no significant differences were found in the emis-
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sions from active and inactive equipment on any of the farms. The
emissions from the filtration systems were higher than from a stor-
age tank (22-67 pg NHz/m?/s). However, the mean emissions
amounted to only 0.3% of the nitrogen content of the digestate.
These emissions can be considered irrelevant in the context of the
whole management scheme for digestate.

This work provides a first insight on ammonia emissions aris-
ing from advanced filtration of digestate, with specific reference
to Po Valley farming systems. Further studies are required to
improve knowledge about emissions from the entire digestate
management process, including the treatments required for specif-
ic application techniques.

Introduction

Air pollution significantly affects human health and causes
diseases in people all over the world (Wagner et al., 2017). Not
only do contaminant emissions affect human health, they also
have a negative impact on land and water ecosystems, threatening
biodiversity (Aneja et al., 2000; Phillips et al., 2001; Rabaud et
al., 2001).

Among some well-known pollutants (such as CO;, CH4 and
N>0), ammonia (NH3) is the best known pollutant in agriculture.
Ammonia is the main precursor for the formation of secondary
inorganic particles in the atmosphere, such as particulate matter.
These are considered among the most important atmospheric pol-
lutants because of their potential impact on human health (Hill et
al., 2008; Zilio et al., 2020).

The agricultural sector contributes approximately 10% of total
greenhouse gas emissions in Europe (EUROSTAT, 2017), howev-
er, it emits up to 90% of the total NH3 emissions (Ferrara et al.,
2016; Pacholski, 2016). Among agricultural activities, intensive
livestock farming has been associated with excessive NH3 emis-
sions (Aneja et al., 2000; Ferrara et al., 2016). The major sources
of NHj3 emissions in a livestock (or crop-mixed-with-livestock)
farming system include barns, animal waste storage (such as slur-
ry or digestate lagoons or manure heaps), fertilizer application and
soil emissions (Ferrara et al., 2016; Wagner et al., 2017).

After being emitted into the atmosphere, NH3 is dispersed and
can then either deposit close to its emitting source or be transport-
ed for long distances as ammonium aerosols (Wagner et al., 2017).
Ammonia deposition threatens ecosystem biodiversity, because it
contributes to acidification and eutrophication processes (Petersen
et al., 1998; Wagner et al., 2017; Truong et al., 2018; Zilio et al.,
2020). Furthermore, NH3 can be transformed into nitrous oxide
(which contributes significantly to the greenhouse gas effect), or
into nitrate (which can leach into ground and surface waters,
affecting aquatic biodiversity) (Verdi et al., 2018; EMEP/EEA,
2019). To progressively reduce the atmospheric emissions of five
main air pollutants (including NH3), the EU has implemented the
National Emissions Ceiling (NEC) Directive (European
Environmental Agency, 2016). To ensure that NEC emission tar-
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gets will be met, all Member States must implement measures that
improve air quality, including a reduction in NH3 emission from
agriculture.

The available techniques to reduce agricultural NH3 emissions
include inter alia covering manure and slurry storage facilities,
cooling storage facilities and/or contents, acidifying slurry, strip-
ping NH3, fractioning fertilization during crop growth, and fertiga-
tion using slurry or digestate (Rotz et al., 2014; European
Commission, 2017). Fertigation is a valid alternative to other fer-
tilization practices, because it can minimize nitrogen loss, while
facilitating the utilization of animal (and crop) wastes, thereby
contributing to circularity within a farming system (European
Commission, 2017; Finzi et al., 2019; Guido et al., 2020a).

In particular, fertigation is a suitable technique for using the
digestate resulting from anaerobic digestion as a crop fertilizer. To
be used in this way, the digestate is usually first processed through
a screw-press separator to produce a liquid fraction that is rich in
nitrogen. The separated digestate is an excellent fertilizer, because
the retained nitrogen is in ammoniacal form, which is readily used
by plants (Guilayn et al., 2019). However, for the same reason, the
potential for NH3 emissions to occur from digestate is high (Guido
et al., 2020a). To minimize these emissions, care and attention
must be exerted when utilizing this product. The preferred applica-
tion technique is by direct incorporation into the soil (Riva et al.,
2016; Verdi et al., 2018). However, this approach limits the appli-
cation of digestate to pre-sowing periods, which in turn reduces the
nitrogen utilization efficiency; because nitrogen is applied long
before crops will be able to uptake it, causing nitrogen leaching
into the soil.

Fertigation using digestate via drip irrigation or sprinkler irri-
gation (such as driplines or pivot systems) can be a suitable tech-
nique to overcome these problems. Fertigation allows the total
dose of nitrogen to be fractionated throughout the growing season,
thereby limiting nitrogen emissions both in the soil and in the air
(Hanson et al., 2006; Guido et al., 2020a). However, when the lig-
uid fraction of digestate is used in fertigation, additional filtration
(after a screw press) is required to remove solids that are larger
than the nozzle holes in the irrigation system. Typically, advanced
filtration is achieved using mechanical separation equipment such
as vibrating screens or micro-filters that have screen openings of
50-500 microns (Guilayn et al., 2019; Guido et al., 2020a).

Using digestate in fertigation within a farm also enhances the
circularity of resource use. However, compared to simply injecting
digestate into the soil, the additional filtration step that enables
digestate to be used in a fertigation system may contribute to addi-
tional NH3 emissions into the atmosphere.

The EU’s ‘Reference Document on Best Available Techniques’
for intensive livestock facilities states that the storage, manipula-
tion and spreading of organic fertilizers all contribute to NH3 emis-
sions, and it is therefore important to evaluate the contribution of
each process (European Commission, 2017). Some studies have
already assessed the impact of some processes, such as digestate
storage or digestate spreading; however, little research has been
conducted on the digestate separation process. The advanced filtra-
tion step required for fertigation using digestate has not yet been
investigated (Wolf et al., 2014; Bell ez al., 2016; Riva et al., 2016;
Finzi et al., 2019). Since digestate filtration involves digestate
movement in semi-open environments, it is important to evaluate
potential emissions that may occur. Only then a complete descrip-
tion can be developed of the overall environmental impact and the
impact of each element in the digestate management/fertigation
system. To monitor NH3 emissions coming from the advanced fil-
tration of digestate being used for fertigation, this study examined
three farms located in the Lombardy region of Italy. Lombardy was
chosen as the study site because this region is the most active in
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terms of both livestock and biogas production, and its agricultural
activities contribute 94% of total NH3 emissions in Italy (ISPRA,
2019). This region is also more vulnerable to air pollution accumu-
lation due to its geo-pedological characteristics. Therefore, major
efforts are required to implement solutions for reducing NH3 emis-
sions in order to protect both human and environmental health
(European Commission, 2017; Wagner et al., 2017).

The study aimed to monitor NH3 emissions from filtration of
the liquid fraction of digestate before its use for fertigation. The
study had the primary objective of assessing the percentage of
increase in NH3 emissions coming from the digestate filtration pro-
cess, compared to when it was inactive. Secondly, the study aimed
to evaluate the magnitude of NH3 emissions of the filtration sys-
tem, having literature values of other emitting elements as refer-
ence.

Materials and methods

Experimental set-up

This study was part of the EU-sponsored LIFE project
‘ARIMEDA’ (Ammonia emission reduction in Mediterranean agri-
culture with innovative slurry fertigation techniques) (LIFE16
ENV/ES/000400). The project monitored NH3 emissions from
digestate fertigation systems on different farms in the Po Valley.

The experiments took place in three of these farms that were in
different areas of the Po Valley in Lombardy region in Northern
Italy: Mantua province, 45°02°56.9°’N 10°25°51.6’E (farm A);
Brescia, 45° 26’ 43° N, 9° 57' 00’ E (farm B); and Pavia, 45°13°
47°N 9°22° 07’E (farm C).

Each farm had an anaerobic digestion plant (AD), a separation
system and an irrigation system whose main characteristics are
reported in Table 1.

Within each farm, a two-stage liquid-solid separation system
was specifically designed to prepare liquid digestate suitable for
injection into the irrigation system. In the first stage of filtration,
digestate passed through a screw-press separator that was already
installed on each farm. Then, depending on the type of irrigation
system used, the liquid fraction from the screw-press was further
filtered using different types of separators with different screen
sizes, to prevent clogging of the irrigation system nozzles. In farms
A and C, the irrigation system consisted of driplines (Typhoon
plusTM, Netafim, Tel Aviv, Israel) and advanced filtration was
accomplished using a vibrating screen (farm C) or a microfilter
(farm A) with small openings. In farm B, the irrigation system con-
sisted of centre pivot with nozzle openings larger than driplines
and therefore in this farm the required level of advanced filtration
was obtained using a vibrating screen with larger screen size than
other farms.

In all farms, the liquid fraction passed through an in-line filter
before being injected into the irrigation system. This screen filter
with a mesh of 120 um (before the driplines) or 300 um (before the
pivot) was an additional safety system to avoid nozzle clogging.

The functioning of the advanced filtration system was moni-
tored by recording digestate flow rates and characteristics.

The evaluation of NH3 emissions was limited to the advanced
filtration system, which was monitored during its activity (‘ON’)
and when it was switched off (OFF”) with the aim to detect the per-
centage increase in ammonia emissions due to its functioning. All
the other components of the overall filtration system were main-
tained in the same state. Sampling days and durations of emission
monitoring were different among farms, depending on farming
practices (Table 2).
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Separation system monitoring

To determine the amount of digestate into each advanced filtra-
tion system, the volumes of treated digestate from the screw press
were monitored using a counter placed on the inlet of the equip-
ment, while the amount of liquid fraction obtained was measured
by a counter on the outlet of the equipment. The duration of the fil-
tration operation was then used to calculate the hourly flow rates.
Chemical analyses were performed on collected samples of the
digestate liquid fraction to determine total solids (TS), total
Kjeldahl nitrogen (TKN), total ammoniacal nitrogen (TAN), total
phosphorus (TP), and total potassium (TK). All parameters were
analysed using standard methods (APHA/AWWA/WEE, 2012). In
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this respect, it is worth noting that the filtered digestate had a rela-
tively high TS content (2.9-4.4%) and a relevant amount of organic
nitrogen (Table 3). In fact, the TAN accounted for 53-73% of the
total nitrogen. During anaerobic digestion, some organic nitrogen
mineralizes, but the digestate also retains some of the organic
nitrogen in small particles that cannot be removed even with the
advanced filtration system.

During NH3 monitoring, different amounts of digestate were
treated on different farms, with different working times and flow
rates (Table 3). Flow rates and total nitrogen parameters are essen-
tial data that were used to better understand and compare emission
results among farms.

Table 1. Characteristics of the AD plants, separation and irrigation systems for each farm.

AD plant

Feedstock
composition
(0% pig/cattle
slurry, 10% poultry
manure, 40% agri-

Equipment

Screw-press

Separation system
First stage Second stage

Screen size

Irrigation system
Type Nozzles

Equipment Screen size

Microfilter Dripline <200 pm

food by-products
B 1 95% maize silage, Screw-press 800 Vibrating screen 500 Pivot >2 mm
5% by-products
C 0.3 80% pig slurry, 20% Screw-press 450 Vibrating screen 100 Dripline <200 pm
maize silage

Table 2. Sampling days, monitoring durations and mean values (standard error in brackets) of weather conditions during ammeonia
emission evaluation for each farm under study.

Prototype conditions Sampling days Duration Wind speed (m/s) Temperature (°C) Pluviometry (mm)
Mean (SE)
A ON 14,1 333022 July T6h 12(0.11) 22.9 (0.59) 0.3 (0.17)
OFF 13 and 23 July 2020 T2h 1.6 (0.15) 21.8 (0.55) 0.5 (0.29)
B ON 28 July :;r:]% g August 45h 0.6 (0.08) 282 (0.82) 0(0)
OFF 31 July and 01 30h 08 (0.12) 29.1(1.13) 0(0)
August 2020
C ON 12 August 2020 10h 0.6 (0.06) 32.5 (0.63) 0(0)
OFF 14 August 2020 10h 0.5 (0.05) 32.5 (0.47) 0@

Table 3. Flowrate of the advanced filtration system and characteristics of the liquid fraction obtained for each farm (standard error in

brackets).
Parameter Units Farm A Farm B Farm C
Mean (SE)

Flow rate m¥h 2.9 (0.20) 7.1(0.57) 5.4 (047)
TS % 44 (0.14) 4.8 (0.29) 2.9 (0.10)
TKN kg/m? 5.1(0.14) 6.1 (0.42) 45 (0.16)
TAN kg/m? 3.7 (0.03) 42 (0.09) 2.4 (0.03)
TP kg/m? 0.5 (0.02) 0.9 (0.07) 0.4 (0.05)
TK kg/m? 2.3 (0.02) 2.8 (0.08) 1.7 (0.11)
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Ammonia emission monitoring

Passive CEH ALPHA® samplers (Adapted Low-cost Passive
High Absorption, UK Centre for Ecology & Hydrology, Gwynedd,
UK) were used (Carozzi et al., 2013) to measure NH3 concentra-
tions emitted from the advanced filtration systems. For each sam-
pling, a total of 32 passive samplers were placed on masts located
at the four corners of the platform on which the filtration system
was mounted. The samplers were placed beneath a plastic holder
to shield them from rain and dew. On each mast, four samplers
were positioned at each of two heights: 0.70 m above the base of
the mounting platform (designated ‘low’) and at 2.2 m above the
platform (designated ‘high”) (Figures 1 and 2).

The two sampling heights were selected to allow detection of
variations in ammonia concentrations in the emission plume as a
function of height above the emitting source. The ‘low” height cor-
responded to the height of the advanced filter surface, while the
‘high’ height was set at 1.5 m above the filter surface. These posi-
tions were selected based on previous research that measured NH3
emissions both from storage facilities and fields (Carozzi et al.,
2013; Bell et al., 2016; Ferrara et al., 2016).

Filters in the passive samplers were first soaked in 50 pl of a

Storage tank

coating solution 13% (m/v) of citric acid and methanol to enable
ammonia capture. Samplers were placed on masts to monitor NH3
emissions coming from the advanced filter when functioning (ON)
and when idle (OFF). At the end of each monitoring period, sam-
plers were removed, sealed to prevent further ammonia capture,
and stored at 4°C until further analysis (Stephens and Poskitt,
2017).

To measure the captured ammonia concentrations, filters were
removed from the samplers, diluted in 3 mL of deionized water,
and then analysed in a flow injection analysis system (Fiastar 5000
Analyser, Foss, Hilleroed, Denmark) using the 4500 -NH3 H
method (APHA/AWWA/WEF, 2012).

Weather conditions were monitored in each farm. To detect
wind speed and wind direction, an anemometer (model DW-6410,
Davis Instruments Corporation, Hayward, CA, USA) was installed
on the platform of the filtration system at a height of 1.1 m. Data
were recorded with a frequency of 15 minutes. To measure temper-
ature, in farm A and B data were recorded every 15 minutes by a
meteor station (Vantage pro2, Davis Instruments Corporation,
Hayward, CA, USA) located in the same environment of the filtra-
tion system. In farm C, temperature was obtained by the ARPA net-
work, located in the station of Landriano - Pavia (13 km far from

Pivot/drip line

In line filter

with liquid
fraction

Irrigation water

Figure 1. Schematic representation of the separation process in all its steps. The area highlighted within the red box defines the area of
interest for the ammonia emission monitoring.

—_—
A 0.5m A

o |

2.20m

8 VIBRATING SCREEN B

0.70m

0.5m

Figure 2. Left: Scheme of the emission monitoring system for the advanced filter. Right: Representation of the sampling scheme for the
Windtrax model, the green area represents the emitting source.
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the farm), which recorded data every 60 minutes (ARPAL, 2020).

Ammonia emissions rates

Windtrax 2.0 software (Thunder Beach Scientific, Halifax,
Canada) was used to quantify ammonia emission rates. This soft-
ware is based on the backward Lagrangian stochastic model, a
micrometeorological method of inverse dispersion modelling
(Carozzi et al., 2013; Scotto Di Perta et al., 2020). The model esti-
mates NH3 emissions using NH3 concentrations measured down-
wind from the source (Flesch et al., 2004). Measured data for
hourly wind speed, wind direction and air temperature were
entered as principal inputs in the model.

To run the simulation, a separate Windtrax project was
designed for each farm, where the filtration system was represent-
ed as a squared emitting surface with the dimensions of the plat-
form where those systems were mounted. Within each project,
masts were placed on the platform to reflect the experimental
setup. Before running the simulations, some values were setup as
follows: i) number of particles: 50,000; ii) stability: L Monin-
Obukhov length = Infinite m; iii) surface roughness Z0=1 cm.

Simulations were run for each farm by using an input file with
hourly data of wind speed, wind direction, temperature and NH3
concentration of the 8 sampling points.

Statistical analysis

A statistical analysis of the experiment results was performed
using IBM ®SPSS® 26 software (IBM Corp., Armonk, NY, USA).
The first objective of this analysis was to compare NH3 emissions
coming from the two operating conditions of the advanced filter
within each farm (separately for ON and OFF periods), to check
for significant differences in emissions when the filters were active
and when they were idle. Before emissions were compared, a pre-
liminary statistical analysis was performed to check homogeneity
of weather conditions between monitoring periods. If weather con-
ditions were not homogeneous, a cluster analysis was performed to
identify sub-groups of data that shared the same meteorological
conditions, thus enabling a reliable comparison of emissions.
Ammonia emission rates were then compared by performing an
analysis of variance with homogeneity tests (Univariate and
Levene tests). If variances were not homogeneous among the mon-
itoring conditions, a non-parametric test for independent samples
was performed (Independent-Samples Mann-Whitney U Test).

Effect of the filtration process in the slurry injection
process

To identify whether the advanced filtration process had an
actual impact on NH3 emissions, it was important to contextualize
the results within the whole system surrounding the filter. Indeed,
the separation process was only one of many emitting elements
that comprised the system.

However, the assessment of emissions from the whole fertiga-
tion system was outside the scope of the study. Therefore, the eval-
uation was limited to the impact of the emissions on the nutrient
content of the managed digestate.

For this purpose, each farm was evaluated by extending the
measured emissions to the whole fertigation season. Because the
monitored filtration systems were used to fertigate maize, the irri-
gation season was 100 days. Furthermore, the filtration system was
considered to be working for 400 hours per season, as reported by
Guido ef al. (2020a).

The processed digestate and its nitrogen content were based on
the values reported in Table 2.

[Journal of Agricultural Engineering 2021; LI1:1187]
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Results and discussion

Weather

In farm A, the means and variances of temperature and wind
speed were different in the ON and OFF periods. Therefore, a clus-
ter analysis was performed, from which three sub-groups of weath-
er clusters were identified: cluster 1: wind speed =0.64 m/s and
temperature=18.60°C; cluster 2: wind speed =1.33 m/s and tem-
perature=27.94°C; cluster 3: high wind speed =2.98 m/s and medi-
um temperature =22.9°C. Ammonia emission rates were compared
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Figure 3. Examples of hourly NH3 emissions from the advanced
filtration systems during ON and OFF periods on farm A), B)
and C) displayed in this cited order. For farm A the ON period
was 15/07/2020 and the OFF period was 23/07/2020. For farm
B the ON period was 28/07/20 and the OFF period was
01/08/20. For farm C the ON period was 12/08/2020 and the

OFF period was 14/08/2020.
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within each cluster. In farms B and C, although weather conditions
varied throughout the experiments, the variances of temperature
and wind speed during the two conditions (ON and OFF) were
homogeneous. Therefore, the comparison of NH3 emission rates
was conducted using the whole data set.

Ammonia emissions rates

The hourly NH3 emissions estimated by the Windtrax software
were analysed and compared. Figure 3 reports an example of the
hourly variations in NH3 emissions on two of the farms for the ON
and OFF conditions of the filtration system. There was noticeable
variability in the emissions due to the changing weather condi-
tions, especially wind speed and direction. Nevertheless, emissions
during the two conditions were not statistically different.

The statistical analysis showed that NH3 emissions from the
advanced filters on all three farms tended to increase the ammonia
in the atmosphere, but with no significant difference in emission
rates between ON and OFF periods (Figure 4). Although the
changes in temperature and wind speed caused some variability in
emissions during the day, the mean emission rates during ON and
OFF periods on each farm were similar. In farm A, the highest NH3
emission rate from a filtration system (1841 pg NH3/m%/s)
occurred during the ON period. The lowest NH3 emission rate (270
ug NH3/m?/s) was measured in farm B when the filtration system
was OFF. Emission rates obtained from the three farms cannot be
directly compared, as their system setup and characteristics were
not similar, however their magnitude was the same. The mean NH3
emission rates in the three farms were 876, 375 and 569 pg
NH3/m?/s for farms A, B and C, respectively. The higher values in
farm A can be explained by the different weather conditions of the
experiments (Table 2).

Although not statistically significant, the tendency for NH3
emissions to increase, when the filtration system was operating,
was quite clear and in line with expectations. In fact, the movement
of digestate on the screen can enhance the release of NH3 during
this operation.

Compared to the mean NH3 emission during the OFF periods,
the emissions increased by 23%, 77% and 42% during the ON
period on farms A, B and C, respectively. The percentage in farm
A is the mean of the values of the three clusters. The higher
increase in farm B was coherent with the different characteristics
of its filtration system (see Table 2: wider screen size and conse-
quently a higher flowrate, in comparison to farm A and C).

There are few references that quantify NH3 emissions from
digestate separation systems, although it is known that they occur
during this process (European Commission, 2017). In contrast,
numerous references exist about NH3 emissions during storage.
For example, Kupper et al. (2020) reviewed this topic and found
that the baseline NH3 emissions are 22-67 pg NH3/m?/s for cattle
and pig slurry stored in tanks.

On the basis of the reference values for storage, it is possible
to consider that the resulting NH3 emissions from the filtration sys-

tem of our study are one order of magnitude lower. This difference
was expected because the movement of the digestate during the fil-
tration process causes turbulence and mixing, which in turn
enhances NH3 emissions. The NH3 emissions when the filtration
systems were OFF were also relatively high. Emissions during the
OFF periods might be related to the wetted area of the filter and the
storage of the separated fractions, both of which continue to emit
NH3 even when the equipment is not operating. Therefore, in order
to evaluate the possible contribution of the advanced filtration sys-
tem to the whole process of digestate management for fertigation,
average values of emissions during both the ON and OFF periods
must be considered.

Impact of the filtration process on nitrogen losses

The data reported in Table 4 show that the nitrogen lost as NH3
during the advanced filtration process was limited. Although the
variability in emissions was high, an average value of 0.3% of the
nitrogen contained in the filtered digestate was lost through NH3
emissions during advanced filtration. 0.3% is the mean percentage
of the three farms, and represents the fraction of nitrogen emitted
by the filtration process, compared to the nitrogen contained in the
flow incoming into the filtration system before processing.

On first examination, the low mass loss is surprising given that
the specific NH3 emissions per square meter were one order of
magnitude higher than those for storage tanks. However, it has to
be considered that, while uncovered storage tanks have a large
emitting surface, the emission area of an advanced filtration sys-
tem is just a few square meters. A storage tank for 2000 m? of
digestate with a useful height of 4 m has a surface area of 500 m?
compared to the maximum area of 12 m? for the advanced filtra-
tion equipment.

2500
2000
1500

1000

I
500
e - I :
0
ON OFF ON OFF ON OFF ON OFF ON OFF

A1l A2 A3 B C
Farm/cluster

Emission Rate (Mg nu3 /m2/s)

Figure 4. Mean ammonia emissions from advanced filtration of
digestate on farms A, B and C when the filter was ON and OFF.
A1, A2 and A3 are clusters of time when climatic conditions were
homogeneous on farm A. Error bars represent the standard error.

Table 4. Impact of the advanced filtration system on the mass nitrogen losses from the processed digestate in farms A, B and C (standard

error in brackets).

Average emissions, mean (SE) ug NHy/m¥s 876 (118) 375 (146) 569 (66) 607
Emitting area m? 4 12 6.3 74
Emissions during the season kg NH3 30.3 38.9 30.7 38.9
Volume of digestate processed m? 1,160 2,840 2,160 2,053
Nitrogen processed kg 5916 17,324 9,720 10,746
Nitrogen emitted/processed % 0.42% 0.18% 0.26% 0.30%
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Previous research has shown that storage of separated liquid
digestate emits almost four times more NH3 than raw digestate
(Balsari et al., 2013). Therefore, even though the advanced separa-
tion process might not directly contribute significantly to NH3
emissions, the separated fractions, when stored, greatly influence
emissions. Of course, this problem also depends on the type of
storage. Another study found that the majority of AD plants store
the liquid fraction of digestate in uncovered tanks (Gioelli ef al.,
2011). An uncovered storage tank for digestate typically emits (as
NH3) 21% of the total nitrogen contained in the digestate, while
these losses are reduced to 4% and 2% from a storage tank that is
covered with natural crust (or straw) and with a tent (or concrete),
respectively (European Commission, 2017). Thus, only when cov-
ered digestate storage tanks are used in the overall fertigation sys-
tem will the NH3 emissions from an advanced filtering system be
a noticeable (albeit small) component of the total nitrogen emis-
sions. Further ammonia emissions also occur during field applica-
tion of digestate. These emissions can vary greatly depending on
the technique used. Considering a broadcast spreader, the expected
losses are around 47-60% of initial TAN content, which are
reduced to 20-25% by using the closed-slot injection and to 3-4%
considering the integration with mitigating interventions during
storage, such as acidification (Finzi et al., 2019). Furthermore,
even the use of a digestate management system based on the ferti-
gation technique makes it possible to reduce ammonia emissions
by around 65% (Guido et al., 2020b), but the emission flows are
still higher than those found in this study during the separation
with vibrating screens.

Conclusions

Digestate separation and subsequent filtration are fundamental
processes for producing a liquid digestate fraction that is suitable
for injection into a fertigation system. Fertigation allows for the
enhanced use of digestate and helps to limit NH3 emissions at field
level. Fertigation makes it possible to fraction the total crop need
for nitrogen, which minimizes NH3 loss into the atmosphere and
maximizes nitrogen utilization efficiency. However, the storage,
manipulation, and processing of digestate contribute to NH3 emis-
sions. This study examined NH3 emitted from the specific process
of'advanced digestate filtration. Advanced filtration does influence
NH3 emissions, but the magnitude of emissions from advanced fil-
tration during operation are not significantly different from those
that occur when the equipment is idle. Furthermore, the combined
NH3 emissions from advanced filtration in operation and in idle
periods are not relevant in terms of mass nitrogen loss and are on
average only approximately 0.3% of the total nitrogen contained in
the digestate.

This research work provides a first insight into the NH3 emis-
sions that arise from advanced filtration of digestate, with specific
reference to farming systems in the Po Valley (Italy). However, the
study was conducted only over a relatively short time, and only
three farms were examined.

Therefore, in order to obtain more generally applicable infor-
mation on ammonia emissions from filtration systems, these find-
ings should be supported with further research to collect data in
different conditions and obtain a better description of the dynamics
that influence NH3 emissions during the filtration process. This
will allow to obtain emission factors that could be used in invento-
ries and Life Cycle Inventories to provide a better understanding of
which steps of the process should be improved to lower emissions.
Furthermore, NH3 emissions from all the emitting sources in the
farming system under study should be measured simultaneously
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with those from the advanced filtration system to obtain a detailed
assessment of the contribution of each element to NH3 emissions
from the whole system.
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