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Abstract: Reducing methane (CH4) is a key objective to address climate change quickly. Manure
management and storage play a significant role. In this context, a real-scale trial was performed to
measure the ability of the commercial additive SOP LAGOON to reduce carbon-based greenhouse gas
(GHG) emissions from liquid manure over approximately 4 months. Gas emissions were measured
at a commercial dairy farm from two slurry tanks, one treated with the abovementioned product
(SL) and the other used as the untreated control (UNT). After 3 and 4 months from the first additive
applications, the SL storage tank showed lower and statistically significantly different emissions
concerning the UNT (up to −80% for CH4 and −75% for CO2, p < 0.001), confirming and showing
improved results from those reported in the previous small-scale works. The pH of the UNT tank
was lower than that of the SL on two dates, while the other chemical characteristics of the slurry
were not affected. In this work, SOP LAGOON proved to be an effective additive to help the farmers
mitigate the contribution of stored liquid manure to global CH4 emissions, potentially improving the
overall sustainability of the dairy industry.
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1. Introduction

The Sixth Assessment Report of the Intergovernmental Panel on Climate Change [1]
urges immediate action to slow warming in the near term. The most recent projections
on climate foresee a 50:50 chance of a temperature rise over the threshold of 1.5 ◦C above
pre-industrial levels within the next 5 years [2], especially if the emissions from the food
system are not addressed [3]. In this light, the scientific community and the industry
alike are focusing with increasing attention on the so-called short-lived climate pollutants
(SLCP), such as methane (CH4), as a key mitigation strategy [4] to limit the climate impact
of human activities and avoid up to 0.6 ◦C of warming by 2050 [5]. The global warming
potential (GWP) of CH4 on a 100-year timescale is considered 28 times greater than carbon
dioxide (CO2) [6]. More recently, the new Global Warming Potential Stars (GWP*) was
proposed, which recalculates the impact of CH4, taking into account the shorter lifespan, a
20-year timescale, of this gas in the atmosphere [7] before it is converted to CO2 [8] by a
hydroxyl oxidation reaction. The proposed value for CH4 in the GWP* model is 84 times
that of CO2, implying that these emissions have a more significant impact on the climate
than previously estimated. Reducing the CH4 emissions associated with human activity by
50% over the next 30 years could mitigate a global temperature change of 0.2 ◦C by 2050,
a significant step towards keeping the temperature increase below 2 ◦C [6]. In this light,
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the European Commission and the US government launched a climate-related initiative,
the Global Methane Pledge [9], at COP26 in Glasgow, inviting the joining countries to set
national goals to reduce CH4. The initiative now has 150 signatory countries after COP27,
50 more than when the initiative was launched [10].

Strategies to mitigate SLCP are therefore put in place to give a more decisive con-
tribution to the national climate goals. For example, the California Senate Bill 1383 [11]
has required the implementation of the SLCP strategy by 1 January 2018. The strategy
includes a 40% CH4 emission reduction from 2013 levels by 2030. The EU aims to become
carbon neutral by 2050, with a 2030 milestone of reducing at least 55% of CH4 emissions
from the 1990 levels [12], with binding national emission reduction targets under the Effort
Sharing Regulation (ESR). In December 2021, an amendment to this regulation was pro-
posed [13] as part of implementing the increased emissions reductions target for 2030. The
methane strategy identifies actions to accelerate the CH4 emissions reduction in line with
that ambition [14].

Agricultural activities contribute to global production and are estimated to account
for about 12% of the total anthropogenic GHG emissions [15], 10% to 12% of CO2 and 40%
of CH4 [16], globally. The most significant sources of CH4 from agriculture are manure
management (4%), rice cultivation (10%) and enteric fermentation in ruminants (29%) [17].

As reported, the dairy sector is a contributor to these emissions: while globally over
90% of CH4 emissions in the dairy sector are connected to enteric fermentations [18], in
concentrated animal feed operations (CAFOs), common in most of the developed countries,
liquid manure plays an important role.

Amon et al. [19] reported that more than 90% of GHG emissions from slurry originate
from CH4 emissions during the storage phase. In Italy, in 2020, CH4 emissions from the
manure management from dairy cows were 920 kton of CO2eq [20], representing 14.2%
of CH4 emissions for the sector, while a recent study from the California Air Resources
Board (CARB) indicates that 57% of CH4 emissions from the dairy sector in California are
attributed to manure management and 43% to enteric fermentation [21].

An increasing number of studies have investigated the ability of feed additives to
reduce enteric emissions [22–25], although the timing for their broad application remains
to be determined.

Different techniques have been developed for CH4 emission abatement from liquid
manure, such as solid–liquid separation, anaerobic digestion, slurry acidification, storage
cover and slurry additives. Mosquera et al. [26] reported that liquid separation could
reduce CH4 emissions by up to 42% while [27] reported that anaerobic digestion reduced
the emissions by up to 35% compared to raw manure. Misselbrook et al. [28] found that
acidification reduced CH4 emissions by 61% while Amon et al. [29], with storage cover,
reported an abatement ability of up to 70%.

Besides CH4, CO2 emissions can be of interest in reducing the impact of slurry storage.
Unfortunately, information about this gas and its reduction remains sparse.

In efforts to promote economic and environmental sustainability for dairy farms, slurry
additives are considered with increasing interest, as they might represent a simple and
economic way to address the GHG emissions from liquid manure.

The commercial additive for the liquid manure SOP LAGOON proved to be effective
in reducing CH4 (and CO2) emissions from slurry in two lab-scale tests [30,31]. This work
aims to investigate this product’s ability to reduce carbon-based emissions (namely CH4
and CO2) on commercial-scale farms and to investigate other potential benefits on manure
management.

2. Materials and Methods
2.1. Site and Manure Management Description

The trials campaign was carried out in 2021 at a dairy farm in the Po Valley, Northern
Italy, characterized by humid continental to subtropical climates (Cfa following Köppen
classification).
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The farm operates a total herd of about 520 heads, half of which are lactating cows, and
is representative of typical housing and farming practices found in concentrated animal
feeding operations (CAFOs): the animals are housed in a free stall system with straw
as topping for the bedding. Animal waste is mainly handled as slurry and is conveyed
through scrapers and pumping systems into two adjacent, separate, concrete storage tanks.

During the experiment, the tanks were filled on alternate days with the same type of
slurry. The manure was collected for distribution on the fields uniformly from both tanks,
aiming at keeping the depth of the slurry in both tanks equal for the duration of the tests.

Both tanks were mixed the day before the measurement using a propeller mixer
coupled to a tractor. This was done to break up the possible crust that could form on top
of the tanks, which could prevent the release of gaseous emissions. Furthermore, these
activities simulate how the farmer manages the tanks before emptying them. The filling
level of the tanks was also measured on the day of the gas measurements. This allowed us
to confirm that the ratio of emitting surface per volume present was similar between the
two storage tanks on each testing day. On the first day of measurement, the surface per
volume ratio was approximately 0.35 m2/m3 in both tanks; the following measurements
registered higher ratios of between 0.4 and 0.5 m2/m3, as the tanks were partially, and
always uniformly, emptied for field distribution.

SOP LAGOON, SQE034 + SQE610 (www.sopfarm.com, accessed on 1 December 2022),
the additive under test, is made up of 100% calcium sulfate dihydrate (gypsum) processed
with proprietary technology.

The product was added to one of the two tanks (SOP LAGOON: SL), while the other
tank was left as the control (untreated: UNT).

The additive was administered according to the manufacturer’s specifications pro-
vided in the technical data sheet of the product: the recommended application method
consists of weekly applications of 2 g per animal contributing the slurry to the tank, with
an additional dose in the first month for the activation period of 4 g/m3 of slurry already
stored in the tank at the time of the first addition. In these test conditions, a total of 40 kg of
the product was added over the first 4 weeks, and a total of 11 kg was added from week 5
to the end of the experiment.

The first application of SOP LAGOON was done on 27 May.

2.2. Slurry Analysis

Slurry samples from different positions in the tanks were collected during each mea-
surement day. The chemical composition of the slurry was analyzed to characterize the
matrix and to verify any effects of the treatment. Samples were stored in small air-tight
containers refrigerated at 4 ◦C prior to laboratory analysis.

Analyses of the samples for total solids (TS), volatile solids (VS), total Kjeldahl nitrogen
(TKN), total ammoniacal nitrogen (TAN), pH and total organic carbon were performed
according to standard methods for the examination of water and wastewater [32].

The results will be reported in Table 1 in the Section 3.

2.3. Emission and Fluxes Determination

The emissions of CH4 and CO2 originating from the two tanks were assessed through-
out four surveys to analyze the entire duration of the slurry storage. The surveys were
carried out approximately one month apart (14 days in the case of the last measurement),
starting after the first month of activation, from June until September.

Following the reference VERA protocol [33] (Test Protocol Covers and other Mitigation
Technologies for Stored Manure—Version 3: 2018-07), and considering the surface of the
tanks, five measurement points were installed for each one tank. A floating funnel was
positioned at each measuring point, from which the air was sampled.

The measurement system was conceived referring to previous studies on livestock
waste emissions, in particular [34,35]. The whole system, shown schematically in Figure 1,
consisted of:

www.sopfarm.com
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• Floating PVC funnels, positioned on the slurry surface. The funnels have a diameter of
42 cm. Each funnel covers a surface equal to approximately 0.14 m2, for a total covered
area for each pit of approximately 0.7 m2, thus greater than the 0.5 m2 suggested by
the aforementioned VERA protocol;

• PTFE tubes that connected each floating funnel with a corresponding “lung flask”,
hermetically sealed with rubber stoppers. Utilizing a vacuum generated by a pump
positioned downstream of the system, the air was sucked by the multi-component gas
analyzer from each lung flask, passing through a multipoint gas sampler. The use of
external pumps was necessary to support the emissive flow towards the lung flasks,
because the vacuum generated by the small pump bundled with the multi-component
gas analyzer was insufficient to overcome the hydraulic resistance of the PTFE tubes
(several tens of meters long);

• A 12-way multipoint gas sampler (MGS) to which the floating funnels in the two
slurry tanks (five for the UNT and five for the SL) were connected via IN channels.
An additional channel was used to sample the background air (“white”) to check
the atmospheric concentration of the gases under study. The multipoint gas sampler
device allows the user to open one channel at a time, via solenoid valves, for a chosen
time interval and to define the order of the opening and closing of the different
channels. Finally, the MGS was connected via the OUT channel to the gas analyzer: a
real time assessment of gases was done with a high-resolution spectrometer (ETG FTIR
9500, Chivasso, Italy) that exploits the Fourier transformed IR spectroscopy (FTIR)
technique. The instrument collects a complete infrared spectrum at regular intervals,
which is scanned in full, allowing the simultaneous detection and measurement of
different gases present in the air at a given time. The measurement time interval, and
the unit of measurement with which to express the gas concentration (mg/m3 or ppm),
can be set manually. The instrument has a resolution of 0.01 ppm for CH4 and 1 ppm
for CO2.
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storage pits under study.

Following the VERA protocol, sampling for each point was carried out for a 30 min
period. The measurement period of the gas analyzer was set as low as possible, equal to
approximately 43 s, resulting in a total of approximately 40 measurements per point every
30 min. The measurements were carried out by sampling alternating points from the SL
tank and the UNT tank; this was done to prevent a potential bias in the data due to the
daily variability of climatic conditions. Data regarding the average hourly temperature
during measurement periods were retrieved from a nearby public climate control unit and
considered in the data analysis. The background air was sampled for a time interval equal
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to 12 min between one point and another. The expected air-flow through the funnels was
about 1.5 L/min, verified via electric flow meters.

The emission flows of the gases in question were finally calculated using Equation (1):

F = (Q × (Cin − Cout))/A (1)

where:

• F is the GHG flux (mg/m2/h);
• Q is the air flow (m3/h);
• Cin is the gas concentration in the air above the slurry surface, sampled by the funnel

system (mg/m3);
• Cout is the corresponding background gas air concentration (mg/m3);
• A is the surface of the funnel (m2).

2.4. Data Analysis

The data were analyzed by the analysis of variance (ANOVA) procedure using SPSS
version 28. The sampling point within a single tank was considered as a replication. The
average temperature during each point sampling was used as the covariate. Each sampling
data were analyzed separately.

A two-way ANOVA was carried out to obtain indications about a possible interaction
between the treatment and the sampling date.

3. Results
3.1. Slurry Chemical Characteristics

The results did not show numerically relevant differences in the chemical parameters
between the UNT and SL. An average of the slurry characteristics is therefore reported in
Table 1.

Table 1. Average slurry chemical characteristics.

Variable Value

TS (%) 8.43 ± 0.12
VS (% TS) 74.25 ± 0.5

TKN (g/kg) 3.70 ± 0.06
TAN (g/kg) 1.69 ± 0.03

TAN (% TKN) 0.46 ± 0.01
Organic Carbon (%DM) 40.20 ± 0.20

± Standard error; TS: total solids; VS: volatile solids; TKN: total Kjeldahl nitrogen; TAN: total ammoniacal
nitrogen; DM: dry matter.

The chemical composition of the slurry was in the range typically reported in the
literature [36].

The pH analyses were statistically different on two of the four sampling dates, so the
results are reported in Figure 2.

It is possible to observe that the pH was similar on day one and day three, but was
lower and statistically significantly different (p < 0.001) in the UNT than in the SL on days
two and four (−0.97 and −1.18, respectively), when the lowest values were recorded.
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3.2. Gas Emissions

In this experiment, the slurry additive SOP LAGOON was tested at the tank scale
level to evaluate its ability to reduce CH4 and CO2 emissions.

The CH4 and CO2 fluxes were determined according to Equation (1) and are reported
in the following graphs.

The CH4 emissions (Figure 3) were almost at the same level for the SL and UNT on
the first date, with slightly lower values registered for the UNT. The emissions for the
UNT showed higher values in the subsequent dates, with a maximum of 59.64 mg/m2/h
(34.2% higher than the first measurement). On the other hand, the values from the SL were
lower on the second, third and fourth days than what was recorded on the first day of
sampling, with the minimum value (11.73 mg/m2/h) registered on the third date. The third
date measurement also showed the maximum difference between the SL and UNT −80%,
(p < 0.001). At the last sampling date, the difference remained high at −75%, (p < 0.001).

Sustainability 2023, 15, x FOR PEER REVIEW 7 of 13 
 

 
Figure 3. CH4 emissions. Bars indicate the standard error of the measurements. Plotted values 
represent the average flux per each treatment, SL or UNT, in the sampling dates. 

The CO2 emissions are represented in Figure 4. As observed for CH4, at the first sam-
pling date, the emissions were very similar for both treatments. In the case of this gas, 
both fluxes registered the peak value on the second day of measurement, of 88.75 mg/m2/h 
for the SL and 130.78 mg/m2/h for the UNT, when the data were most dispersed. The un-
treated tank showed higher emission levels at the end of the trial period for the first sam-
pling date. In comparison, the SL showed lower levels, resulting in differences of −75% (p 
< 0.05) and −46% (p < 0.001), respectively, for the third and fourth sampling dates in favor 
of SL over UNT. 

 
Figure 4. CO2 emissions. Bars indicate the standard error of the measurements. Plotted values rep-
resent the average flux per each treatment, SL or UNT, in the sampling dates. 

  

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

30/06/2021 27/07/2021 27/08/2021 07/09/2021

C
H

4
(m

g/
m

2 /h
)

Sampling date

UNT SL

0.00

50.00

100.00

150.00

200.00

250.00

30/06/2021 27/07/2021 27/08/2021 07/09/2021

C
O

2
(m

g/
m

2 /h
)

Sampling time

UNT SL

Figure 3. CH4 emissions. Bars indicate the standard error of the measurements. Plotted values
represent the average flux per each treatment, SL or UNT, in the sampling dates.



Sustainability 2023, 15, 1803 7 of 13

The CO2 emissions are represented in Figure 4. As observed for CH4, at the first
sampling date, the emissions were very similar for both treatments. In the case of this gas,
both fluxes registered the peak value on the second day of measurement, of 88.75 mg/m2/h
for the SL and 130.78 mg/m2/h for the UNT, when the data were most dispersed. The
untreated tank showed higher emission levels at the end of the trial period for the first
sampling date. In comparison, the SL showed lower levels, resulting in differences of −75%
(p < 0.05) and −46% (p < 0.001), respectively, for the third and fourth sampling dates in
favor of SL over UNT.
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3.3. Additional Observations

As described in the Materials and Method section, a tractor-operated propeller was
used to mix the manure tanks on the day before the measurements to break up the crust
formed in the previous weeks and allow for easier measurement. It is worth reporting that
after the slurry activation period, the agitation time for the SL was approximately a quarter
of that of the UNT tank.

In addition, farm workers reported that the odors were nearly eliminated from the
manure in the SL tank compared to the UNT tank at the time of spreading the manure on
the fields.

4. Discussions

Slurry management and storage is a critical aspect of the livestock farming sector in
generating GHG emissions, especially CH4.

The complexity, labor intensity and the equipment requested for a real-scale on-site
emission measurement are limiting factors in this research. In fact, most of the studies
found in the literature are based on small- (vessels or barrels) or mid- (some tens of m3

tanks) scale trials [37]. Often, when real tanks or lagoons are involved in the trial design,
samples are collected from the farms for subsequent processing in a lab.

Measuring in the field in real time poses several technical challenges that must be
addressed. The main one is the compatibility with the daily operations on the farm: for
this work, this required coordination with the farmer in order to prevent safety issues and
avoid damage to the measurement equipment, which was assembled and disassembled on
each measurement day. For these reasons, the authors decided to maintain approximately
one month between measurements.
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The results of this work show an improved mitigation capacity of SOP LAGOON at
scale than that previously measured [30,31], both for CH4 and CO2. The duration of the
monitoring in this study was much longer than the previous works (5 months vs. 26 days
or 1 week, respectively, for [30,31]). The experiment was performed in a commercial
dairy, with pre-existing manure tanks, as opposed to the two preliminary works where the
emissions were measured from manure in 220 L barrels.

The analysis of the chemical characteristics of the liquid manure in both UNT and
SL does not show remarkable differences between the treatments or throughout the test
dates. The values are similar to what Martínez-Suller et al. [36] found and are consistent
with regular dairy farm practices, where the feed quality and composition do not vary
significantly over the year.

The pH values of the liquid manure do not differ significantly when comparing one
test day to the other, both for the UNT and SL. It can be noted, however, that the pH of the
UNT was significantly lower than the SL at the second and fourth sampling dates. This
seems to be in contrast with the emissions level, as a lower pH is generally associated
with lower emissions: this is the principle of acidification. Slurry acidification (i.e., the
application of strong acids to reduce the manure pH) has been investigated since 2012 [38]
for its ability to curb GHG emissions, while, before that, it was mainly investigated for
its ability to reduce ammonia NH3 emissions [39]. Numerous studies [40–42] registered
lower CH4 emissions from an acidified slurry, from 49 to over 90%, obtained with the
addition of different quantities of acid, from 2.4 L to 6 kg of acid (usually sulfuric acid)
per m3 of manure and with different storage conditions. The addition of SOP LAGOON
shows emission reduction results in line with these numbers, without a significant change
in the manure pH (Figure 2). The results of the chemical analyses in the SL showed very
similar pH values in all the sampling dates, slightly basic between 7.3 and 7.6. This can be
an advantage over acidification when spreading manure on soils, where the soil pH does
not need to be lowered [43].

Acidification can also be achieved by adding some type of gypsum [44–46], the base
material of the additive under test. In this study, the negligible pH variations measured
suggest that the mechanism of action does not follow a chemical pathway. This was
expected, considering that the results were obtained with the addition of only 2 g per week
of SOP LAGOON per animal, producing approximately 0.3–0.5 m3 of slurry per week,
following the manufacturer’s specifications. The lower quantity used here, compared to
other options previously found in the literature (from 5% up to 30% on the dry weight of
the manure to be treated) [44–46] necessary to achieve a significant decrease of the slurry
pH, represents another advantage in terms of logistics and scalability over the use of other
types of gypsum.

The manufacturer recommends the application of the product for at least three months
to be able to observe the results: the duration of the treatment (103 days since the first ap-
plication of the additive) is consistent with this indication and is long enough to potentially
allow for the biological processes within the slurry to adapt to the treatment [47].

Given the considerations above, microbial changes seem to be the only viable mech-
anism of action to explain the results: how this interaction takes place appears likely
due to the proprietary processing technology applied to the product and requires further
investigation.

The results presented in this study showed that SOP LAGOON could reduce CH4
emissions by up to approximately 80% during the storage phase.

Looking at Figure 3, it is possible to notice how UNT shows higher emission fluxes on
the third and fourth date compared to the first measurement, i.e., after a storage period of
3–4 months, in accordance with the literature [48]. On the contrary, SL showed lower values
than the first point of measure (approximately −70%, p < 0.001). Lowering the emissions
rates of CH4 with respect to the initial condition could have remarkable benefits for the
climate, including carbon sequestration [49].
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Over the years, other techniques have been investigated for their ability to reduce
GHG emissions.

The most commonly proposed strategy to mitigate CH4 emissions from liquid manure
is the installation of biodigesters, which might not be economically viable for small-scale
farms with less than 200 animals [50]. Moreover, inefficiencies in the plants, which often
co-process manure together with agricultural residues, agro-industrial by-products or
energy crops, cause the release of extra CH4 in the atmosphere: in Italy, that accounts for
approximately 1% of the total biogas production, especially from the digestate tanks, nearly
offsetting the “avoided” CH4 release from unprocessed manure [20].

Holly et al. [51] studied the different techniques to abate GHG emissions from liquid
manure, including solid separation. They concluded that it could be another effective
method to reduce the GHG emissions from stored manure, up to −46% compared to fresh
manure. However, the direct GHG reduction can be partially offset by the carbon emissions
connected to the production and use of the energy used to operate the machines.

In addition to this, the combination of the two above-mentioned techniques (digestion
and separation) might even cancel the GHG mitigation potential of the two approaches
taken singularly, as it can increase nitrous oxide (N2O) emissions from the solid frac-
tion [51,52] when compared to the unseparated manure. Another disadvantage is repre-
sented by the cost of equipment, structures and maintenance, which can impose a financial
burden on the farmer, if it cannot be partially recovered by selling the gas or electricity to
the market.

Kupper et al. [53] published a review of studies on the emissions from stored lagoons.
They reported that manure covers could be another way to curb CH4 emissions, with
abatement rates between 10% to 60%, if they are impermeable. Guarino et al. [54] found
that covers do not show a statistically significant efficacy when they are made of permeable
materials. The natural crust that forms on top of a liquid manure tank is also considered a
type of cover, with proven efficacy in reducing NH3 and CH4 emissions [55,56]. The UNT
showed more significant CH4 emissions than the SL, despite presenting a crust on the top.
The higher crust thickness (indirectly measured by the longer time required to break it
before each measurement day) might lead to a lower oxygen diffusion in the UNT, which
can be a limiting factor in the methanotrophic activity [57].

Metanotrophy in the crust does not appear to be the only mechanism of action. The
previous studies [30,31] on the same additive showed emissions reduction with little or no
crust forming on top of the manure. In addition, the reduction of the odors at the time of
spreading (as reported by the farm operators) suggests a different evolution of the liquid
manure in the SL compared to the UNT, leading again to the conclusion that a different
microbial activity occurred in the SL.

Moreover, breaking the crust in preparation for the field application generates an extra
cost for the farmers regarding machinery operation, fuel consumption and manpower.
As the agitators are commonly powered by tractors, the CO2 released by the internal
combustion engine partially offsets the GHG mitigation that the crust could offer. This
topic deserves further study to better evaluate the scope of this trade-off.

This work also shows a significant great reduction (up to −75%) of the CO2 emissions
from the SL compared to the UNT. Scarce information is present in the literature on CO2
fluxes, especially on the effect of additives or other containment systems. Generally, the
research does not evaluate the CO2 emissions from manure because they are considered part
of a cycle that sees the plants used as feed for the animals as carbon sinks [58]. Additionally,
the much greater air concentration of CO2 compared to CH4 (414 ppm vs. 1.8 ppm [59])
makes it difficult to separate the baseline air concentration from the contribution of the
slurry. This is why, in this work, ambient air was sampled before each point on the
manure surface, and the concentration was subtracted from the measured values in order
to calculate the fluxes [34,35].
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By analyzing the data at different times, it is possible to notice how the SL emissions
were similar to those recorded on the starting date, while those from the UNT showed
greater values than the first measured point, similar to what Borgonovo et al. [30] reported.

Additional Considerations

Odors connected to farming activities can be a nuisance for the surrounding commu-
nities, especially in regions with a high population density. Presently, there is no consensus
among the different regions on odor regulations [60]: restrictions on management tech-
niques, distance from inhabited areas and seasonality for the operations are already in place,
even if only locally. Several strategies can be put in place to reduce the odor emissions from
livestock manure, some of which are compatible with the goal of reducing GHG, such as
anaerobic digestion, solid–liquid separation or covers [61].

During this test, the dairy farm operators reported that odors from the manure treated
with SOP LAGOON were strongly reduced compared to the control when the manure
was spread on the fields. This is in line with the observations reported by Peterson
et al. [31], who measured a significant reduction of odors from the treated lagoon water.
SOP LAGOON provides similar benefits to the other techniques targeting odor issues.

5. Conclusions

Liquid manure is a critical source of GHG emissions from the dairy industry.
After three months from the first additive applications, the treated storage tank showed

lower and statistically significantly different emissions compared to the untreated one, with
results (up to −80% for CH4 and −75% for the CO2) that are compatible or better than
other more complex strategies such as acidification or methane digesters.

The data presented in this work shows great potential for SOP LAGOON to reduce
CH4 and CO2 emissions from liquid manure storage, in real field scenarios, confirming and
demonstrating improved results than what was shown in the previous small-scale studies.
The in-field test also allowed the operators to report a reduction in the odors at the time of
spreading and a reduction of the fuel consumption for the agitation.

In this work, SOP LAGOON proves to be an effective additive to help the farmers
manage their stored liquid manure, which can offer economic, social and environmental
benefits for the dairy industry.

Further studies could also investigate the effects of SOP LAGOON on the emissions at
the moment of the manure spreading and its influence on soil and crops.
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